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2™ Workshop on Kaon Production

During the fall of 1996 an internal mini-workshop on kaon production was organized at
Rossendorf (cf. FZR-150 [September 1996]). The aim of this first workshop was to give a
survey on the experimental and theoretical status of kaon production in elementary hadron
reactions and in heavy-ion collisions. Since then the Department of Hadron Physics in the
Institute of Nuclear and Hadron Physics of the FZR focused in its research activities on near-
threshold strangeness production in colliding hadron systems and on activities devoted to
studies with electromagnetic probes. :

Since 1996 a considerable progress has been achieved in the field. New results from COSY
(COSY-11, ToF, COSY-13 and first runs at ANKE) as well as SIS (KaoS and FOPI) allow to
determine various elementary cross sections in hadron reactions and kaon yields from heavy-ion
collisions. These new results led us to organize a second workshop bringing together the experts
of these experiments and various theoreticians. An important purpose of the workshop was to
enforce the mutual information and to demonstrate the close interrelation of COSY physics and
the heavy-ion programme at SIS.

Highlights in the field are (i) the consolidation of the need of strong in-medium modifications
to describe the K™ production in heavy-ion reactions and (ii) refined measurements of various
elementary strangeness channels near threshold. For the latter the role of final state interactions
must be clarified to arrive at a unique input to transport-model calculations for heavy-ion

reactions.

Many experimental aspects included in the programme have been proposed by P. Senger
(GSTI), whereas the composition of its theoretical part benefitted a lot from the support by J.

Aichelin (Nantes).

E. Grosse, B.Kimpfer
(local organizers)



Kaon Workshop

Forschungszentrum Rossendorf near Dresden

December 10-11, 1998

The workshop is devoted to kaon production near threshold, with emphasis put on heavy-ion collisions. Embedded in the
workshop is a meeting of the KaoS collaboration. In parallel the representants of theory groups are going to compare in
detail the results of their transport codes relevant for the experiments.

Programme

December 9: Arrival
December 10 (Tandemseminarraum):

9.00-9.30

9.30-9.50

9:50-10.20

10.20 - 10.50
10.50-11.20

11.20-11.40

11.40-12.05

12:05 - 12.35

12.35-13.00

13.00 - 14.00
14.00 - 14.20

14.20 - 14.40

14.40 - 15.00

15.00 - 15.30

15.30 - 16.00

16.00 - 16.30
16.30 - 17.00

17.00 - 17.30

E. Grosse: Opening (chairman: E. Grosse)
W. Cassing/E, Bratkovskaya (Giessen):

RBUU approach, the implemented kaon production and optical potentials,

Discussion of my benchmark tests

Gy. Wolf (Budapest): «

Differences between RBUU of Giessen and my approach,

Discussion of my benchmark tests

C.-H. Lee (Stony Brook):

Differences between RBUU of Giessen and my approach,

Discussion of my benchmark tests

Coffee break

1. Aichelin (Nantes): (chairman: W, Cassing

QMD: What is important for the kaon production,

discussion of my benchmark tests for HQMD

C. Hartnack (Nantes):

IQMD - Differences to HQMD as far as of importance for the

kaon production, discussion of my benchmark tests for IQMD

C. Fuchs (Tiibingen):

Differences as compared to HQMD,

discussion of my benchmark tests with Tiibingen kaon production

S. Soff (Frankfurt):

Kaon production around 1 GeV/N in URQMD - Differences to QMD,

discussion of my benchmark tests for UrQMD

A. Sibirtsev (Giessen):

News from elementary kaon production reactions

Break

F. Laue (GSI):

Recent results from Kao$S (1): K¥/K" ratios

Y. Shin (Frankfurt):

Results from Kaos (2): azimuthal anisotropy of K*

C. Sturm (Darmstadt):

Recent results from Kao$ (3): K production and nuclear EoS

P. Crochet (C-Ferrand):

Results from FOPI (1)

C. Plettner (Rossendorf);

Results from FOPI (2)

Coffee break

A. Metzger (Erlangen):

Results from COSY-TOF

T. Lister / S. Sewerin:

(chairman: W. Oelert)

(chairman: N. Herrmann)



Results from COSY-11
17.30 - 18.00 M. Debowski (Rossendorf):
Prospects of ANKE
18.00 - 18.20 A. Gillitzer (Miinchen):
Strangeness programme at FRS
18.20 - 18.40 P. Kulessa (Crakow):
A nuclei
18.40 - 18.55 W. Scheinast (Rossendorf):
pA runs at KaoS
19.00 - o Buffet

December 11:
Parallel sessions 9.00 - 12.00:

1. KaoS collaboration meeting (Seminarraum Flachbau, organizer: P. Senger)
2. Theory session (Tandemseminarraum, organizer: J. Aichelin)

Afternoon session (Auditorium);

13.00 - 13.20 K. Schubert (Dresden): {(chairman: B. Kamys)
Recent results on symmetry breaking in XK systems

13.20 - 13.45 E. Kolomeitsev (GSI):
In-medium kaonic excitations

1345 - 14,10 J. Knoll (GSI):
Transport kinetics of broad resonances

14.10 - 14.40 B. Kampfer (Rossendorf):
Comparison of the benchmark tests

14.40 - 15.00 Coffee break

15.00 - 16.00 Round table discussion about the different models (chairman: P. Senger)
Conclusions & perspectives for our kaon physics

Departure
( e.g. 17.27 p.m. Dresden-Neustadt --> Frankfurt/Main )



Kaon Workshop Participants

Who From Where When
Aichelin, J. Nantes Giistehaus 9,-12,
Béttcher, L Uni Marburg Zu d.Linden 9.-13.
Bratkovskaya, E. Giessen Schiinkhiibel 9.-11.
Biischer, M. Jiilich Zu den Linden 9.-11.
Cassing, W. Giessen Schiinkhiibel 9.-1L
Crochet, P. C-Ferrand Arcade 9.-11,
Forster, A. TU Darmsdtadt Arcade 9, -13.
Fuchs, C. Tiibingen Arcade 9.-13,
Gillitzer, A. Miinchen Arcade 9.« 1L
Nantes Arcade 10.- 11,

Khoukaz Miinster Arcade 9.-11.
Herrmann, N, GSI Giistehaus 9.-11.
Kamys, B. Krakau Giistehaus 10.-11.
Kuoll, L. GSt Giistehaus 9.-11.
Koczon, P, GSI Arcade 9,-12.
Kotilmeyer, B. Uni Marburg Giistehaus 9.-11,
Kolomeitsev, E. GSI privat

Krusche, R. Arcade 9, -11.
Lave, F GSI Arcade 9.-11.
Lee, CI1 Stony Brook Arcade 9.-13.
Lister, Th. Miinster Arcade 9. - 1L
Menzel, M. Marburg Arcade 9.- 1L
Metzger, A. Erlangen Giistehaus 9.-11.
Moscal, P. Crakow Arcade 9.- 1L
Oetert, W, Stilich Zu d, Linden g, - 12,
Oeschiler, H. TU Darmstadt Zu d. Linden 9.-1L

Quentmeier, Ch.

Reisdorf, W,
Scheinast, W.
Schepers, G.
Senger, P.
Sewerin, S. -
Shin, Y.
Sibirtsev, A.
Sistemich, K.
Soff, S.
Storm, C.
Uhlig, F.
Walus, W.
Wolf, Gy.
Wisniewski, C.
Grosse, B.

Kémpfer, B.

Miiller, H.
Debowski, M.
Schaeider, C.
Naumann, L.
Barz, HW.
Kotte, R.
Plettner, C.
‘Wohifarth, D.

Dohrmann, F.

Miinster

GSI

FZR

Jiilich

GSI

Jillich

Uni Frankfurt
Giessen
Jiilich
Frankfurt

TU Darmstadt
TU Darmstadt
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Budapest

GSI

FZR

FZR

FZR
FZR
FZR
FZR
FZR
FZR
FZR
FZR
FZR
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Experimental Part




T. Lister:
pp — ppK X mnear the f;(980)
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A. Metzger:

Strangeness production — results from COSY-TOF



Strangeness (53) Production close to Threshold:

Armin Metzger, Erlangen pp = KYN (KKpp)
Rossendorf, 10.12.1998

Information: dynamics: degrees of freedom
structure: strange content (?7)

Strangeness Production _
Experiment: COSY-TOF

- - .

Results from COSY-TOF e exclusive observables
polarization: A-polarization
polarized beam/target
TS e full phase-space
pp = KYN o threshold region — only few partial waves

e different reaction channels : Y = A, £°. Z%, ()

Comparison:

Motivatior - i i
¢ Motivation o different hadronic surroundings

« Experiment = datafrom yp — K'A ELSA

: Tp— K°A
« Results pp — AA  LEAR
¢ high energy data
e Outlook 8 &
Search for exotics: e.g. Z'(uudds) - resonance
Medium effects:

e nucleon-nucleus : pA — KX COSY-ANKE
¢ nucleus-nucleus : AA — KX GSI, CERN
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Experimental Constraints

Threshold momenla :

u&l

Reaction NG ‘Momentum | kin. Energy
GeV GeV/e GeV

pp ==t Kt Ap 2.548 2.339 1.582

pp— K18 9.622 2.560 1.789

pp —- K18 2.624 2.566 1.793

| pp —— KOS 2.626 2.569 1.796

pp Ix,!x,pp 2.875 3.327 2.518

pd —= K'Ad | 3.485 1.839 1.127

pHe—— K ‘AlHe| 5.338 1.581 0.900

pi2C —= KYAX 1.400 0.747

PP — kAP

Signature :
delayed decay

A= a7p (erp =79 cm)

increase of charged 1nult1phc1ty

2 s 4
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A. Sibirtsev und W, Cassing, Preprint nucl-

ol .
0 50 100 150

1
200

Qa A§m<v

th/9802025 (1998).

e A-momentum-distribution in the pA-cm-system

¢ FSI from elastic pA-scattering
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Resonance-Modell
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B :

..m .N.qm ﬂa<\n../ :

B’ [2.50 GeViek—i

= 1 H

E3

N*(1720)

1.8

my, [GeV]

do/dm [ub/GeV]
g
[ T

i / resonance modell

o K. Tsushima, S.W. Huang, A. Facssler,
J. Phys. G21(1995) 33.

o K. Tsushima, A. Sibirtsev, A.W. Thomas,
Internal Report ADP-96-29/T228(1996).



TOF

A-Polarisation

pp—K*TAp @ 2.75GeV/c

que/ i ¢ monte carlo

¢ data 2.75GeV/c
{\ .
Y
H -2

_’—

{ ! | : 1 . I

dN/deos =1/ (1 + P cos §)

0.5
pT(A)i[-GeV/c]

NEXT STEPS > FUTURE:

Detector upgrade:

m start detector system v/
double sided micro strip + additional fibre hodoscope
m stop detector
v )
barrel detector + ring detector
B neutron detector v
H energy detector

Run April 98: pp > K'Ap (,,high statistics*)
pp > K'='n , K°Z'p (Search for Z°)

pd > KY... and [')oc - KY...

Polarized beam + Polarized target

Larme Avgle p-Shp Dekctor +
Magnetic field and intermediate tracker:

® p*He > o recait (N> KA)
scalar structure of the nucleon

* pp 2> ppKK
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M. Debowsks:
Prospects of ANKE
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Telescopes for K Detection

E

3}
g 7.
[ -
e B
nou
c =
Tz 2
= O
= T
[ J

H
-

im

TOF-Start
MWPC1,2

Telescopes(TOF-Stop,A E,...)

= b
@ ©
™~
® ®
@0 o
o QO
Q Qo
o 0
s 3
o O ona o«
[ NN Ny
e B Ir) O o
- - nOX OX
o o
+ +
ax B
S
N

Negative

ejectiles
TOF-Stop, A E

> 10°

(tested)

5
@
$
3
5
7]
o
o
c
@
+
S




Geplante Experimente an ANKE

K tMesonen-Produktion in
Proton-Kern Stéflen
unterhalb der Nukleon-
Nukleon-Schwelle
(COSY-Proposal #18; K.Sistemich)

= [nformauon dber den K*-Produktionsmechanismus
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K*K ~Mesonen-Produktion in
Proton-Kern-Stoflen
unterhalb der Nukleon-
Nukleon-Schwelle
(COSY-LOI #21; H.Mueller, FZ Rossendorf)
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300 MeV,B=0.665T
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(c) T=700MeV,B=1.105T

Kalibrierung des AN

Exklusive Messung des Deuteronenaufbrue
mit einem polarisierten Protonenstrahl
und einem polarisierten Deuteronentarge
(COSY-Proposal #20; V.Komarov, JINR Dubna)
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Untersuchung der 1-Mesonen-Produktion
in Proton-Kern-Stéflen
(COSY-Praposal #23; H.Sexfarth)

Weitere Experimentvarschifige:

o Mossig b o | Bl Jiselwarha rerpns o Luvgie

. o LRAL AN £ fapler, AP Liddihinn
© Mot es g ool Ansegimgstonktn brey ket Wiinen Lt ebetyes, i ool

ol e Pl W Tinedw gy husat 15 (enen Spiacostanben 15, flvatidads

© Mesottis shor 7% Pobiblusts outis Vs smariswsnholu i 3040 eabbunnn e By 2 1 Lt
P et PXPE Gutshim}

L e st htber 1 5 1 pFC- sk e £, %] G
A LXIE D).
» Procdihtion here bt 1y pohorioe umd Sos ber s b s Ihperva-d %

1V Chirogebne, PG Muskin).

o Unidorsnning s Linthiaes b Ssorumaterin ol slte Mossen nud Ureiten fodiouns be
Wesatiangen {4 Cherngohor, FELE Mustan).

» Db sfes * 1 bl Azy i el der )ﬁ HE (L MSidmk, N

Uinknnl,
2 ~~

T TR s x QG
L )
- =& D o
r -C\ET‘
L a s
L - i
N 2 | ol
L § N
Lo Tosas vt

=

3

o <

ot ot

o™
-
—
L
i
r - =
! a2 L=
i_‘ H R -
= - I
¢ T
;‘ g S @
L 2.2 F
L ,g;':;:\
[ IR Sew
o <
” -
= =



Reaction mechanism
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K~ production

1. direct

N-+N — N+ N-+uug-+ss
-+ N+ N+KY+ K™

2.V

ia mesonic resonances

N+N — N+ N+gqg
— N 4+ N + meson
- N4+N+K++ K-

e well established:

$(1020) T = 4.2 MeV

e structure under discussion:

3.V

ap(980) I =50...300 MeV
F0(980) I = 40...400 MeV

ia baryonic /\(1520) resonance

= 15.6 MeV

p+N — p+ N+ ss5
— N+ A(1520)+ KT
- N4+p+K +KT

Aprif L1, 1996

nora: /tax/vortrag/kmiproposal /1996 /kminus -production .tex

p(2.5GeV) + “C —> K'+K+X
T T T T T T T T T T T ] ! T

~~ f LA
%
O] 1k R vio 9{1020)
‘LU_) B vio 0,{980)
e B vio f,(980)
E
¥
: .
& 10 E
O
~
o
©
10 HT

: -
1 1.02 1.04 1.06 1.08
invariant mass My (GeV)

Calculated KTK~ invariant-mass spectrum
for emission angles 6 < 10°

e strength of ¢(1020) production
e propagation of $(1020), K+ and K~

through nuclear matter

Aprt 18, 1996 Acrd Frexfvirtiag /Rempronusal 1996/ K poxp 159 tex




p(2.5GeV) + *C = (a+1)N + K" + K™ + X
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Calculated missing mass spectra from pl2C
interactions at 2.5 GeV for the production
of KT /K~ pairs accompanied by (a+1) nu-
cleons with a being the number of partici-
pants according to

p+[aN] = (a+1)N+ KT+ K~
(a=1...4) )

Apcit 18, 1996 nora: /tex/vortraq/kmioroposal/1996/k-pron-tigl 2.tex
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A production

e Reactions

— Strangeness exchange

K 4+n—-A4+n"

s

— Associated production

p+N—-sA+Kt+N
™ +n s A4+ Kt

Y+p— A+ Kt
— Antiproton annihilation

p+p— A KT ..
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A. Gillitzer:
K~ production at the GSI fragment separator
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P. Crochet:
Results from FOPT (1)



Results from FOPI (1) |
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K~ /K™ Ratio as Seen by FOPI

RBUU : E.L. Bratkovskaya and W. Cassing
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X — RBUU with in-med. effects
¢ L -=-- RBUU w/o in-med. effects
with FOPI filter w/o FOP!I filter
0.04 -
0.02 -
. T e
-1 0 1
0
y( )
+ 0.06
X 0.9<y®<.0.7
X
0.04
0.02 -
------- -1-“-—-..]—-—-—0‘:‘---n-‘|""'“"-.-'<‘-
0.1 0.2 0.3 0.4
p,(GeV/c)

® DATA N Syst errors
— RBUU in-medium effects
- = RBUU no medium effects

Ru + Ru-1.69 AGeV -b <5 fm

K~ /K* Ratio versus y(o) and pi | ‘

g 0.06 & 0.06
Measured Reflected =
1% ! ¢
0.04 0.04
0.02 0.02
0 ] I 0 1 ]
-1 0 1
()
y( )
+ 041 + 0.1
X 0.9<y?<-07 =
% 0.08} * 0.08
0.06 0.06
0.04 0.04
0.02 0.02
0 0 1 I i
0.1 0.15 0.2 0.25 0.3 0.1 0.15 0.2 0.25 0.3
p(GeV/c) p,(GeV/c)

E.L. Bratkovskaya and W. Cassing
G.Q. Liand G.E. Brown, PRC58(1998)1698

Ni + Ni-1.93 AGeV-b<5fm

Data favour in-medium effects
\_ K. Wisniewski et al., GSl-report (1997), submitted to Phys. Rev. Lett.

—



Sideward Flow]

¢ O O ©

¥

F {Mevic

Predicted by hydrodynamics '70
Evidenced by Plastic Ball '80 o
Observed for LCP, IMF, n, m, K, A y

Au + Au - 250AMeV - <b> = 3fm

-0.5

Excitation function :

maximum at SIS energie

Studied from GANIL/MSU to SPS
L3N 2 Gllbi ot Sl 2 V) blll{ A S S AR ] [lll""“__"(*':"
400
Ve Au+Au |
G l‘i ]
300 |- ~
/ \
Ay p
60 ; .
3 S N
: €y PE (BEVALAG) ¢
Ui - i EOS (BEVALAG)
#* FOPHSIS)
<& E827 (AGS)
a LIJ;!‘IE,,, = ,lfL._LLtFx‘_lL‘,,Lflﬂk 23 ;‘iﬁ de
W 1’ 10

Beamn Energy (A MeV)

W Reisdorf and H.G. Ritter, Annu.Rev.Nucl.Part.Sci. 47 (1997)

K* Flow in Ni+Ni @ 1.93 AGeV

Nm

G.Q. Li and C.M. Ko, N.P. A594(£995)460
.L. Bratkovskaya et al., N.P. A622(1997)593
5. Wang et al., N.P. A628(1998 A

L -A
b<4fm A Ai p DATA )
p/m>05 , momentum dependent potential :
. .A.

‘A JRvith in-medjum effects
‘*‘A‘

151
A

3 # models favour
in-medium potential for K+
BUT influence of :

production channels :

K"DATA | C. David et al., nucl-th/9805017

C. Fuchs et al,, P.L. B 434 (98) 24!

| A . w/o in-medium effects
O2ttA— L .
-1.5 -1 -0.5 0 0.5
y(0)
K™ Flow in Ru+Ru @ 1.69 AGeV
RBUU : E.L. Bratkovskaya and W. Cassing
0.1 0.1
£ b>5fm | " | b<4fm
2005 24005 -
Y S AY; -
T 0
~0.05 - -0.05 :— in-medigm effects
[ --- no medi{um effects
-0.1 — 0.1 —— —,
-1 0 1 -1 0 1
0 0
y( ) y( )

Large sensitivity expected in non-central collisions

from NME to IME = flow to antiflow




K+ Flow in RutRu @ 1.69 AGeV |

Centrality selection : charged particle multiplicity PMUL

7°<0,,<30°
10

do/dPMUL (mb)

PMUL > 63
<b>=2fm

40 < PMUL < 50
<b> = 4.5 fm

— K' BUU with IME
| --- K* BUU w/o IME

| 4- i ® K'DATA

Rl A pDATA

o2l - - -

4 05 0 4 05 0
0

y© y

e K™ anti-flow in non-central reactions

® BUU reproduces K1 data if IME on

® BUU reproduces proton data
BUU : E.L. Bratkovskaya and W. Cassing

N

pt Dependence of KT Flow]

Fourier expansion of azimuthal distributions
B3N d?N 1 (t2 (@) 12 00) +

= - Cos V3 COS

dy pidp,d® ~ dy pdp, 27 "1 2(1) B )
= ¢ — brp

Fourier coefficients : v, = < cos (n (®)) >

In-plane flow : vy = < px/p; >

S. Voloshin and Y. Zhang, Z. Phys. C70 (1996) 665
J.Y. Ollitrault, Nucl. Phys. A 638 (1998) 195¢

Ru 4+ Ru @ 1.69AGeV —1.2 < y©® < —0.5

0.2 <b>=4.5 fm 0.2 <b>=2fm
S S | — K'BUU with IME
| --- K* BUU w/o IME
® K'DATA

L 4
.
“a

p 1QMD/HM

| TN NI T

'40 10.2 0.4 0.6 0.8 1
p,(GeV/c)

-0.4 L— rull BRI P
0 020406 08 1
p,(GeV/c)
Sensitivity to in-medium effects at low pt

Neither BUU nor IQMD reproduces proton flow

\ BUU : E.L. Bratkovskaya and W. Cassing, IQMD/HM : C. Hartnack
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C. Plettner:
Results from FOPI (2):

Investigation of charged K mesons at low p; and

around midrapidity



Investigation of charged K-mesons
at low p;and around midrapidity

e Presentation of the FOPI detector at GSI, Darmstadt

 (Anti)Kaon identification at low pr and around midrapidity
with FOPI

analysed system: ®Ru + ®*Ru @ 1.7 AGeV

e Preliminary K/K" ratio, comparison with model prediction

e Preliminary momentum dependence of
Kaon squeeze-out signal

C. Plettner E ﬂ: 2

Institut fiir Kern- und Hadronenphysik

The 4r Detektor FOPI @)

ACCELERATOR FACILITIES
AND EXPERIMENTAL AREAS

solenoid auter plastic wall inner plastic wall

PENNING, ECR |ON SOURCE
CHORDIS &
MEVVA -
ION SOURCES
- HLI g
1) =
PP et o e
[_ o s
e Vo § kS
UNILAC LOW ENERGY
EXPERIMENTAL
AREA
@
0 50m
plastic barre!
EZR
C. Plettner

Institut fiir Kern- und Hadronenphysik



Particle Identification (Z=+1)
%Ru+%Ru @ 1.69 AGeV, by, < 4.2 fm

) Konl
B 4-108 Events processed | §
Po.5- . ©
[Q) N
g @
2 3
g =
O .
\
-0.5r ‘
\
, ‘ ' ‘ ) \
10 20 30 10 15 20 25 30
v [em/ns) v [em/ns)
Mass = i +corrections Rel. Resolution:
Am/m = 6 % (Protons)

By

C. Plettner
Institut fiir Kern- und Hadronenphysik

FOPI phase space

cﬂ).- 2 T ¥ T lf i 1 1
Epo =1 7AGev 390,;’ 26° 150
15 F /
CDC/Barrel
| Helitron/Plawa '/
1 / .
0.5 //’/80 B
0 I H
-2 «1.5 -1 -0.5 0 0.5 1 1.5 2
yﬂ
Yo :(Y;ab“ch)/Y;m

Symmetric system:

C. Plettner
Institut fiir Kerne und Hadronenphysik



Comparison with RBUU predictions

0.1 LA AL L S L L Analysis of Helitron data
| Ru+Ru, 1.89A GeV, bs4 fm, [y|S0.3
- %Ru +*Ru @ 1.69 AGeV, bgeo < 4.2 fm
008 1| no kaon medium effects
’ ] . accessibie transverse momenta range
with kaon medium effects
i 1 py= (100 — 250) MeV/c
. 0.06 - ] transformation into transverse mass
N
E my= (p, o) +m> = (10 - 50) MeV/c? + my
0.04 -
rapidity range
y°1<0.3
0.02 K'/K* ratio
(7.5+£3.5)%
0 0O 01 02 03 04 05 06 0.7 = compatible with in-medium modification of
) ’ ’ ’ ’ ’ ’ (Anti)Kaon mass
m,—m, (GeV)
G.Q. Liand G.E. Brown, Phys. Rev. C58 (1298), 1698
C. Plettner @E

Institut fiir Kern- und Hadronenphysik

Identification of charged K-Mesons

1000

0.2 04 08
Masse [GeV/c?]

Y . = 4904 £2000

0.2

Velocity [cm/ns]
16 <v<23
Center of Mass velocity.
=21 cm/ns
Momenta [MeV/c]
310 < P,y < 590

0.4 0.6 0.8 1
Masse [GeV/’cal
Y. =368+50

= K/K* = (7.5 = 3.5)%

C. Plettner
Institut fiir Kern- und Hadeonenphysik
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Squeeze-Out

Parametrization of azimuthal distributions

squeeze-out

ide-splash, bounce-off

_‘;amr,ma ;
L%
/

Z_/;)I_ = ay(1+ a;cos ¢ +a’,cos 2¢)

Out-of plane emission ratio

bounce-off, side-splash

squeeze-out

%Ry + % Ru @ 1.7 AGeV

, _1-a 0.4
N = 1 f % +
Ta 4 - ; K
. Zﬁ 0,09 I~ | ! I R
Correction g ! : ’1‘, J | 0% 0
, SRR N P
R, = Ry o‘oa{ﬁii"'i‘l\
[ l o
0.07 |- -
90 (; 90.
@
Symmetrised azimuthal distributiongs of K*
C. Plettner [ﬂ}}

Institut fiir Kern- und Hadronenphysik

K+ phase space

E...,=1.7AGeV
a=1.7AG

o 0.6 T T T T ] ;
> I T
8 [ P,,,=0.5 GeV/e u CDC i
& 05 8,5=140° ™ Helitron, nutzbarer Bereich g
i Helitron, unzugénglicher Bereich ]
04 / ]
L o /7
L Bp=15 //
03 | / ]
: ,/ d elabzs0
02| d :
01 r Pp=0-75 GeVic ]
i P,;=0.6 GeVic ]
0 | L s - FETE NS ST SR NPRT ST SR B s ]
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
YO
. 0 _
Symmetric system Y'=(,-Y )Y,
C. Plettner m

Institut fir Kern- und Hadromenphysik



Comparison with QMD

Au + Au 1 GeV/mucleon b = 6fm

~0.2<(y1y o) <02
; ' ‘ T ' ' ] e in system Au + Au @ 1.0 AGeV prediction
19 £ Al et E of a momenta dependent squeeze-out signal
E K* &= - Oneither potential nor K'N scattering ] in case Of a KN potenﬁal
1.7 ¢ 7
‘ e without a KN potential model predicts
15 3 within error bars that Ry <1
<2 1.3 3 3 « analysis of momentum dependence of Kaon
& E ] squeeze out signal in the system
§ Ru+Ru @ 1.7 AGeV shows within error
o L1 F E bars Ry= 1
09 t
g ] =Hint for existence of an in-medium
0.7 F 3 potential?
5 L 1 I 1 L 1

0 100 200 300 400 500 600 700 800
P (MeV/c)

Z.S. Wang et al., Phys. Rev. C57 (1998), 3284 @g
C. Plettner

Institut fiir Kern- und Hadronenphysik

Momentum dependence of Squeeze-Out signal

Kaons, background corrected

PM3 PM4 PM5 ERATS
r4 v T T 4 T T T kil 2z T T Z T g
& o 1<
141 i E 14 | g 14 14 gy i
12 b R 12 —I—E—l g 12 -y—I—; T g [F] i
T J_ —— ‘i’
1 b { T . | . T "
1 ; -L. T : ; 5_..._,‘
sl L J 1 st [ A PR S I 4 a8l i
as |- g a6 | - o6 |- 06 L
: : 2 . . . ) . .
e 150 200 250 00 150 200 250 100 8 200 250 08 B0 W W
p, [MeVic] p {MaVic] p, IMaVic] 7, IMeVie]
centrality
Protons
PM3 PMs PMS5 ERATS
zi3 T 24t T PE . PRI
4 T :4 =

1.05 | I——I—-l- 105 |- - 125 o 1905

* : - 3%
M W0 K0 %0 200 X@ W0 0 0 X0 W KX 200 M6 0 X
py{MeVic] 7, (Mevic} P, MV P, MeV 2]

o9 03 39

EZRIS

C, Plettner
Institut fiir Kern- und Hadronenphysik



Summary

e With detector combination Helitron/Plastic Wall (Anti)Kaons can
be identified at midrapidity for low transverse momenta

e Measured K/K" ratio compatible with in-medium modification of
(Anti)Kaon mass

e Measured pr dependence of Kaon squeeze-out signal
gives hint to existence of KN potential
On our wish list: calculations for ®°Ru + **Ru @ 1.7 AGeV

C. Plettner
Institut fiir Kern- und Hadronenphysik



Y. Shin:
Azimuthally anisotropic emission of K* mesons in

Au + Au collisions at 2 AGeV
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« K Acceptance at 1 AGeV

900

P.IMeV/cl

(o]
Q
o

300

100 Lowtmnl L] A l ; i

o O = 34°,44°,54°,84°
(Ng+ = 8600,9700,5000,250)

¢ Bpipo =0.6,0.9,1.4, 1.9T
(270MeV [c < prap < 1500MeV /c)

1. Collective Flow of Nuclear Matter

é = vaﬁ,(\/)

P. Danielewicz : Phys.Lett. 157B(1985)

2. K* as Probe for the hot and dense Phase

(a) Subthreshold Production : E,, = 1.58 GeV (NN — NAK 1)
(b) Large Mean Free Path : Ag+ = 5 fm (0, ~ 12 mb)




« Determination of the Reaction Plane . Spectral Di stribution of K+ Mesons

d*c
Cinv = E'”"“i :A'E'exp(_E/T)
dp

= T =~ 8TMeV

0= va - Pr(v)
Cemtral

= for Particles with § > 0.7

—
o
w
.]

. ]
o 34" 1
®44°

A 54° -

& 84°

=y, =1lorw, =2

(@]
N

! -y
4°

+ Resolution of the Reaction Plane

E d*c/dp® Imb/(GeV?/c*)]
>

Impactparameter | < Ap%, >1/2] < A¢? >172| < cos(A) > | < cos(2A9) > \k
MUL 1 91.2° 54.9° | 0.66(0.71) | 0.30(0.16) ! Wi LY Ben = 130°
MUL 2 77.5° 40.0° | 0.81(0.78) | 0.50(0.36) : L
MUL 3 73.1° 36.4° | 0.84(0.79) | 0.55(0.38) - ]
MUL 4 89.0° 55.9° | 0.65(0.71) | 0.31(0.17) L 0 Gen = 90°
MUL 5 10L.1° 80.5° | 0.35(0.66) | 0.08 (0.05 el
5069 0 0 100 200 300 400 500 600 700 800
Ecu IMeV]

—> Polar Anisotropy

— C. Sturm : Next Talk



« Experiment Au + Au at 1 AGeV

« Squeeze - Out of Nucleons and light Fragments

Bi+Bi at 0.4, 0.7, 1.0 AGeV

0.4 AGeV, Semicentral
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F. Laue:
Kaons and anti-kaons in hot and dense nuclear

matter
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K+ and K~—Production at SIS
(0.6AGeV < Epeam < 24GeV)

Production thresholds:

EEsb = 1.58GeV
EL*® =2.5GeV

NN — NAKt
NN - NNKTK~

Subthreshold K*-production via multiple collisions

Experiment: Transport models:
0.15 v T T T v T
AutAu 1 AGeV 1 .
o 010 | K*x2000 L NN — AN
<& | " _ AN — NKTY
g y
2 gos} o AA = NKTY
[t ettt NN — NN=
Omo 100 200 300 N — K1Y
A art
M P ar — K KT
K+ 1.8+0.15 "
Apm‘t. OC A])(L’I‘t. ﬂ.A - K Y

Medium effects are important

¢ nuclear equation of state (— Ch. Sturm)

¢ hadron properties in matter

e J

1N, * dN/d(m/z)

p, (GeVic)

O O T S
o

-k
o

particle trigger tof trigger
tof trigger + offline tracking

o

P C+C 1.8AGeV

o B

o

o

Y —— 3H 6

- .
o o

0 1 2 3 )
myz [GeV/c ]

KaoS-Spectrometer Acceptance
1.8 GeV/Nukleon, Kaons
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KT and K~ Spectra , '

C+C 1.8AGeV C+C 1.8AGeV
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The data can be fitted by Maxwell-Boltzmann distributions.

In C+C collisions we have data for 0.8,1.0,1.2,1.5,1.8 and 2.0AGeV . J
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because of the different thresholds
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K* Production as a function of

Excess—Energy

[T T ||]|”|l T T |‘[“I| T lllll”l I,_
mpp->K"+X el =T C+C
2 L ->K+X * 8 [ K" +
10 o0p //.’/!;; el 3
| " - b _3'
~ 100 b L 4 107}
= /
= L .-‘a// / -
- v
© 10 2 - /»&i / I 4
= / 4 10
107 - t . ; 0=4.44+0.11
||||l i1 |((llll 11 ||'|||I 11 llllll[ 1 -5 i ? i ]
0% 102 1070 100 10 o2 02 0 0.2
\/_Sq— v Sth (Ge\/) \/s'\/sthres.[ Gev]
— medium effects are important
l RBUU Calculations (Giessen) '
C+C 1.8AGeV, bare mass C+C 1.8AGeV, in-medium mass
—10 —10 |
"fg all channels % all channeis
> <
3 :
3 3
3 3
5 2
= s
10 10
2 ‘ ' 2 ,
® 0.1 02 03 0.4 g 04 02 0.3 0.4

Ecu(GeV)




RBUU Calculations (Giessen)
C+C 1.8AGeV, bare mass C+C 1.8AGeV, in-medium mass
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[ Comparision to RBUU I
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The C+Au System
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l The C+Au System ' I
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C. Sturm:
K™ production in heavy-ion reactions as a probe for

the nuclear equation of state




‘K * Production in Heavy Ion Reactions'
‘as a Probe for the Nuclear Equation of State'

C.Sturm (TU Darmstadt)
for the
KaoS Collaboration

method:
the comparison of the KT production excitation function in a

heavy and light collision system

. Yy

s p

e Can Kt serve as a probe for the EOS?

o Experimental results of the collision systems Au+Au and C+C
— Spectral distributions
— Polar angle distributions

— Excitation functions

e Summary

\_ /




l K* - a Probe for the High-Density Phélse'

Production Emission
e direct production e KT mean free path at pg:
NN — NK'Y A+ = 5 fm

e two-step production )
e no absorption

NN — NA
N due to strangeness conserva-
NA - NK*'Y tion
N — K1Y
A — KTY
= multi-step processes = direct information
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( !Dependence of Incident Energy and Systeim Size'
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/ IK+ Production and the EOS'
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/ lK+ Spectral Distributions' \
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Summary

A new observable sensitive to the EOS:
comparison of the KT -production in a heavy and a light
collision system - experimental and theoretical uncertainties are

strongly reduced

Rise of %ﬁ% with decreasing incident energy

= evidence for a soft EOS

KT production excitation functions S
— in Au+Au (0.56 - 1.46 AGeV)  (0.38 mb - 230 mb)
— in C+C (0.8 - 2.0 AGeV) (0.017 mb - 5.0 mb)
K™ polar angle distributions:

slight forward backward peaked
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\ | /

K ‘Wanted I \

... detailed transport calculations which describes the available
observables:

e K1t-Production

— K% production excitation functions for C' + C and Au + Au
collisions

— K™ polar angle distributions
e 7-Production

— m-production excitation functions

— spectral distributions

— angular distributions
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K.R. Schubert:
Recent results on symmetry breaking in the K°

system
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