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The Internal Workshop on Kaon Production took place on"September 16,
1996 in the Research Center Rossendorf. This workshop was aimed at a survey on
the experimental and theoretical status of kaon productioﬁ in elementary hadron
reactions and heavy-ion collisions. The experimental groups in the Institute for
Nuclear and Hadron Physics reported on their activities in various collaborations at
different accelerator facilities. Emphasis was put on our future abilities to achiev.'e a
substantial progress in the realm of strange particle production. From the theory side
the previous results on kaon production and possible supports of the experimental
research have been presented. '

Please notice, the material préesented here is in many cases very preliminary and
is not suited for reference and should not be used in publications without explicit

permission by the respective authors.
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Fig. 3. The cross section of the reaction pp—pAK* versus instial

he solid line is the prediction of ¢q. (6) normalized a1 £=0.3 GeV.

V.

kinetsc energy in the CM frame. The data are taken from ref. {s).
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Values of A as derived from K/m ratios,
minimum z = phadron/Pquark above which hadrons are used in the

analysis.
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The Light Hadrons
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Let’s Make Strangeness
I. Elementary Cross Sections

fixed target
| BB, MB, MM —
GSI 7 beam
COSY beam m
|
| t 4y
s = ¢§ = K"K |K* K" S=41 K
M = g = KK |KHKY S=-1| K
pseudo- | vector
scalar

— weak interactions with nucleons — long mean free path in nuclei

KtN & Z2* =
KN & Y* =

— Kt = u & high-lying

= K™ = ds analog to 7N & A

- g, A(1405) = K N bound state or genuine 3q state?
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(i) BB — KKBB

qqq
+ $+@l ,

qqq

B = B

he

= the casiest way for open strange mesons

qqq B

m@ + @w. = M s Mz

qqq B
spectator

OZI forbiolelen

spectator
B
M
M;

B spectator

eg. NN — KKNN: p*pt — K+ K~ ptp*
pfn— KK ptn

nn— K"K nn

anti- kaous

2) MB — K + anything

(i)MB — KY
-qqq qqs Y
MB = & + — =
qq q3 M;

B = > Y i
\ / resonance diagram
\ / s channel

M M;

B ¢ )

pole diagram
t channel
M . Zm

eg. TN — KYN: «7p — K%, K*u-, KO0
p — KTA, Kt2 KOOt
atp - Ktot
TR — . K%~
®n  — K%, K*§-, K°%°
rtn S KA, KYEY, KO,

only open anti-strange mesons

Kaounsg
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Theory I)MM - KK is simplest

Brows/Ko/Wu/Li (1991):
does not exist; only models & parametrizations . , \
one possibility: utilize OBE model philosophy T K + * £o(975 K
K* .
N _ N T : K x K
boson : :
eg. NN—- NN: N — N K* — Km 100% fo(975) — q:M 8%
KK 22%
advantage: well defined via Lagrangian + Feynman diagramatics analog:
- extension possibilities — bremsstrablung & di-electrons: P K P K
. . K or K*
Lt T K* T K
N . N
. boson . . P K
" K,K"
p K

disadvantages: ~ effective theory,
- only tree level

~ parameter fiddling: masses, oozEEmm_ cut-offs

"for simplicity we neglegt™ ... diagrams — incomplete calculation M

e.g. NN scattering: 4 bosons
NN scattering + deuteron bound state: 6 bosons

- no simple initial/final state interaction corrections

nevertheless: try the same here
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decays N*, A — MB, KY interaction Lagrangiams for KY N*:

~ [N(650) [P=1,j=} [ N [70%] 1 | 5 = ~aanin (WA K. + KAV
KA| %] 5 L5 = —igKANgne Az !«ab.m ¥ RP&&% v
H. ¥, - . S X ok,
| TA | 5% Ly = o J L (N*A@LK) + (@, EVAN"N™)
N(1710) | P=+1, j=1 |7 N | 15%| 2 . L ) (Rt R e am)
( ) =T o1 Lg = —igKsN, Az ‘s TLK + KTy w
KA|15%| 6 1 &
- w
kx| 6% s Ly = ka\fg Az *..MX% .m.ﬂv + A% NA.VM v
w
xA | 17% Lio = ——gxoamg (BI5(8,K) + (9, R)ETa*)
N(1720) HUH,ELHW N | 15%| 3 QED, QCD look Siwpler
KA|] 6% 7 |
’ also for couplings for K*
KX} 3% 9
A | 10% T = iso-triplet: & = (T%, £9)
A(1920) | P=+1, j=3 |w N | 12%| 4
. + formfactors on each vertex
KZ| 2%|10

. . — results of Faessler's group — figs.
interaction Lagrangians for 7 NN*:

hH = ’Qﬁzzmamo NGNAI.M@Z& \mu + 240..2*%-_“ ) QJ @ = Hu M
Dirac’s matrices

L, = :§§§ Aa* 57N 7 + Ny N7 ‘

hu . = .III.QQ_.ZZ:NO A 2 tﬁ. + 24.2*EA vv
Ly = f$§§ A 5< (0,7) + NT14(3,7))

50%5 transition operator
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do/dQ (mb/sr) do/dQ (mb/sr)

do/dQ2 (mb/sr)
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nothing exists

however: using the above vertices one can continue with

_ +
m fo K

K

|

7 — fo(965) - KK

M‘\/OSNK oue wiexi{wve +PC

with lao S 2

K*

wr — KK

ot GS[



4) BB — KYB

(i) nothing complete exists

announcement of A.

Faessler: continue with the above OBE model

the above MB — KY diagrams = subprocesses here

should we start also such work? (e.g., Ph.D. work for M. Hentschel?)

(ii) earlier attempts:

(e.g., postdoc work of E.E. Kolomeitsev?)

Ferrari (1960)

Yao (1960}

Randrup/Ko (1980)
Wu/Ko (1989),
Brown/Ko/Wu/Xia (1991)

Deloff (1187)
Laget (1991)

Sibirtsev (4900
Li/Ko (1996)

exchange | interference | A | FSI
- mor K + -1 -
T - N

T - -l -

Ry »_ L R

o L RO N

m, K ? - |+
T, K - + | -

N

= subprocesses from MB — KY

= on-shell exp./theor. cross section

also for N A — KNY

@ without spinor dynamics

M (nggul) D,,(6) (ﬂ4FGU2) K

@ without interference terms

S_ K 5 K
N 0 — Y N D N
6| + 6|
My= N~ Q@ 3 N N ©® Sy
T+ - Ty~
IMI* = T4y, + T4y — 2Re(Ty, Tty-)
neglected
5K 5K
:
N 4 ® 1 4 ®
6| 7 -+ 6| K
N L 3 @ N L2 3 ®
T Ty

any T{1)T{y) interference is neglected (— 10 terms)

@ subprocesses (1) «N — KY, (2) KN — KN

are put by hand on mass shell

results of Li/Ko — figs.



40

Lifles

T+

/. _._.- This work, OPE
; - Randrup+Ko

& e ZWermann
1 ] i | ] | ! | 1 | 1 { 1 { 1 1

26 28 30 32 384 36 38 &0
s'/2 (GeV)

Lillko




Gpp-psOkt (Hb)

100

dpp-*nZ+K+ (“b) '

30

25

20

15

__________
____
.....
Rt
s

80 —— Total

-~ OPE |
60 | .
40 .
20 .

d 3 | . L ] {
26 28 30 32 34 36 38 4.0
s2 (GeV)
Li/[(o

26 28 30 32 84 386 38 40
s’2 (GeV)



Kiu

Ep =23 GeV | o _ 40

m-’;siu? Moass

kt

SFec'i'Y‘u.u...

T

b_) — .
- SO pp—K YN
5 SATURNE
3 )
k= 100} :
£ i ¢ ‘
T % P’\W TR
% { ————————— ﬂoK—ech.{/,:‘g
> f T i
ko] ‘h/ ,,,, | M= exc !

2.05 2.10 2.15

W (GeV)

the, PP—-—» b(*/\P -——t

20583 GeV

cp. .Delo][,[ (19€%)

NY

eff. mass

Looget (4t2)

FS I, (Ouy[.tld‘\-

5) BB — K K BB

nothing exists

but one can continue with the above strategy

—s rather extended work



Philosophy

earlier motivation (Bonn/Jiilich group):

careful study of interactions on the hadronic level

—+ separation of subnuclear (= quark-gluon) degrees of freedom

However: xPT + effective, low-energy models
— express QCD enatirely in terms of hadron observables

—s less space to " check” QCD

hadron interactions = low-energy QCD

to day: lattice QCD —  Mpadrons
future: lattige QCD — o ?

let’s accumulate as much as possible details

modals ave weecleed | o.q, i A —» kY ..

,?o, HiCs
heauvieat L«‘g,&‘t‘ guark  wols
W, Weise : S =<
[;ﬂ«%e:t L\eqoz 7uqrh. Setb
VoL Gt bl stvrawetuve : <°(<Y>' {q,g‘)) L 55>
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| A quark model for

hadron production

1 Introduction

m NOmmmzno_.m Collision :»OQ Eonm_
21 Ima.d: Hadron
. .m.,m.._/_:n_mcm-z:n_m:m

,. w Ooq:omq_mo: with mxom:q:m:am_
" results , ,
~.3.1 Nucleon-Nucleon

3.2 Proton-Nucleus

- 3.3 Nucleus-Nucleus .

4 Missing-mass spectra

5 Conclusions

May 3, 1996 nora: Jtex/tatks/mesong6/follen/mesong6rcontents.tex

Basic assumptions

e Lorentz-invariant phase-space
of n particles

e Probability of populating final channel &

dW(s; &) oc dL,(s; &) A

e Differential cross section for channel &

Physical quantities are derived by summing
up all channels & and integrating over the

unobserved variables

May 3 1996 0ora e S1aikG 0 19967010 Basi 3suTpLiers fox
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Excitation

A2(ay) = (M/©)Ki(M/O)
M=o [M/© exp (=M /©)
M=0 4
(/) K,(/0) L)

(M/©) K,(M/8) L(M)

4

invariant mass M

September 16. 1996 e nora: ftex/talks/roc/1996/roc-excitation.tex

\‘ o

Quark statistics

\

hadrons

ruless qq —> meson
qqq ——> meson +(q

qqq —> baryon

Hadrons consisting of the same quarks are sampled according to

exp (m/ @)
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Parameters

Nucleon-Nucleon

Temperature parameter: | © = 0.3 GeV/

— mean Kinetic energy of hadrons in the cluster rest
system

Radius parameter: R=1.7fm
— mean multiplicity

Slope parameter: B =23 GeV2

— distribution of leading .n_cmﬁma

Q = 0.4 GeV/c

— transverse dimension of phase-space

Momentum cut-off:

Suppression factor: A=0.15
— quarks are sampled accordingtou:d:s=1:1:)

May 3, 1996 e nora: ftex/talks/roc/1996/roc-parameters-nucleon-nucteon.tex
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Energy dependence of the cross sections for vari-
ous particle-production channels in pp collisions.
Experimental data (blue points) are compared
with ROC model results (red lines)
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p(100GeV/c) + p — hadron + X
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Multiplicity distribution and invariant cross sec-
tion (integrated over transverse momentum) for
hadron production as function of Feynman-x.
Points with error bars are experimental data,
histograms are ROC model results

n 4+ X

p(100GeV/c) + p —> hadro

T T T T

Invariant cross section for hadron
function of Feynman-x for various pp values.
Points with error bars are experimental data,
histograms are ROC model results
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Typical result of an NJL model calculation: (Lute @ Weige | 1492)
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Event Characterization
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K* from Au+Au at 1.0 AGeV for different O
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K* from Ni+Ni collisions, ©,,,=44°
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Equivalent energies for K* and K~ production

o NN — K*AN at 1.0 GeV:

VS = VS ihres = 2.32 GeV - 2.55 GeV = -0.23 GeV

) Z-TZ — K*K~NN at 1.8 GeV: , '

V3 = VB ipes = 2:63 GeV - 2.86 GeV = -0.23 GeV
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Study of Hot and Dense
Hadronic Matter

at SIS Energies (0.1-2AGeV)

Qutline and Conclusion:

DATA:FOPI, FRS, KaoS, TAPS

Hadronic matter at p<3p_, T<100MeV

Particle Production /FlOW
(r,0,K,4,A,p,9) sideward  expapsion
’ SR

radial transverse
fongitudinal

chemical composition stopping
dynamics
kinetic equilibrium

Large Flow Effects
Consistent Picture not achieved yet (strangeness)

Interesting Measurable Speculations
(chiral symmetry)

Kernmaterie - Phasendiagramm

200 ~1980

150

50

Temperagture { MeV)

L 4
1

, Liqyia.
o Y knsed P
a 1 7 3 4 5 6 7, 8
Density {Ratio to Normal Density )

Hadronengas:
p,n,A,N*,A,n,K,p,co,d), s

! nicht perturbativer Bereich der QCD

Auswirkungen grundlegender Symmetrien?
Gleichgewichtskonzepte anwendbar?

Endzustand aller
(ultra)relativistischen Schwerionenreaktionen




Magnet . Central Drift Plastic
Chamber Wall

Experimente zur Strangeness
Produktion

Fragmentseparator (FRS)

0%.8 pektrometer
Produktion weit unterhalb
der NN-Schwelle

A.Gillitzer HK1.3

QD- Spektrometer (KaoS)
35msr Akzeptanz
KK~ Spektren, Anregungsfunktion

A.Wagner HK1.2 Helitron
& Barrel
Phﬂtonensp ektrometer Figure 1: The 47 detector FOPI at GSI. For reference, the 3 arrows al the coordinate
/ (T A PS) . system origin are 50 cm long.

Y¥-Nachwels
7!.,1] Rekonstruktion, Spektren
R.Averbeck HK20.2

- 4t-Detektor (FOPI)

GroBe Akzeptanz
Simultane Messung / Korrelation
aller geladenen Teilchen




Akzeptanz

Hiufigkeitsverteilung von Z=1 Teilchen

im Geschwindigkeitstranm

R RRAE RS RLALS RALEN LIRS RERESS)

I: AE vs. TOF

.
.

AE vs.p vs. TOF

11

y=tanhp
p/m =yB,

x®._x/x

projectt

 im CMS

vollstindige azimutale Abdeckung!

Bestimmung des StoRparametervektors (Reaktionsebene):

mass determination is restricted only by the fi-
nite detector resolution.

Aflter a linearization of the momentum versus
velocity data was performed for Z = 41 parti-
cles with Pr4s < 0.6 GeV/c, the mass spectra
shown in Fig. I were produced. For the positively
charged particles a large peak is located iear 0.5
GeV /c? which is associated to the K+ meson. At
high momenta this peak vanishes below the back-
ground which is due to the finite detector resolu-
tion, whereas at lower momenta the background
is dominated by mismatched Barrel and CDC
data. The mass spectrum of negatively charged
pacticles (Piap < 0.6 GeV/c) reveals, in addition
to the x™ contribution, an intriguing structure
near 0.5 GeV/c? albeit with low statistics. Not
only are the location and width of this structure
in agreement with the expected values for anti-
kaon production, the yield relative to the K* is
comparable to previous measurements near this
energy [4].

The acceptance for kaons in the transverse
momentum versus laboratory rapidity plane is
shown in Fig. 2. The data analyzed here are
within the horizontally hashed region displayed
for the Barrel, but with a further restriction
imposed that the maximum laboratory momen-
tum be 0.5 GeV/c. For reference, the arrow
marks mid-rapidity {or a colliding system at 1.93
A-GeV. The kaon yield is concentrated mostly
in the range of rapidity between the target and
mid-rapidity. At 1.93 4-GeV Rt mesons can
be produced in first chance nucleon-nucleon col-
lisions with & maximum momentum up to the
kinematic limit (P¥l36.1r = 0.32 GeV/e) which
is denoted by the dot-dashed curve. Since al-

s Z=+1 Z=-1
o 10 : T
2oty J
SR A + .
ER J -
0}’ K .
102 f)\.\/\s .
o j
LI SN SN | e TV
o 05 0 025 05 075 1

1
Mass [GeV/c?) Mass [GeVic!]

Figure 1. Reconstructed mass using the matched
CDC-Barrel data for Pray < 0.6 GeV/c for (left)
positively charged particles and (right) nega-
y charged particles.

FOPI Kaon Acceptance

GeVic)

!
“"‘-g--....-

0.
04

02

Lab Raplidity

Figure 2. Kaon acceptance of the FOP! detec-
tor system. The data evaluated here are from
within the horizontally hashed area marked for
the Bacrel. For reference, mid-rapidity of sys-
tems at 1.93 A-GeV is denoted by the arrow.

most the full detector acceptance is beyond this
limit, even at beam energies slightly above the
free nucleon-nucleon threshold FOPL is primarily
ve Lo kaons produced by collective produe-
tion processes,

The reaction channel to produce a K'* with
the lowest threshold (1.6 GeV) includes a hy-
peron in order to conserve strangeness:

NA4P - N+A+ KT,

Sinre the A is neutral and decays with a lifetime
¢y = 7.9 em it can not be directly measured by
FOPL. However, the products of its main decay
channel (A — p=™, branching tatio 64%) can be
readily detected by the CDC. The A is identi-
fied by caleulating the invariant mass {Mine) of
all px~ pairs that intersect to form a secondary
vertex away from the main event vertex as shown
by the open points in Fig. 3. In this figure a very
pronounced peak from the A is visible above the
miyed event background which is marked by the
dashed histogram.
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Rekonstruktion seltsamer Teilchen Transverse Mass Spectra (all)

1.93 AGeV **Ni+Ni(420mb, FOPI Preliminary)

v9= (:0.7.-0.5) for K*
(-0.6,-0.5) otherwise

Miny = (VP2 + ] + VPR + m02)? — (5 + 72
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Vergleich der Abfallparameter Rapidititsdichteverteilungen

1.93AGeV **Ni+**Ni(Centrality Dependence, FOPI Preliminary)

[
. 1.93 AGeV *Nis**Xi (420mb, FOPI Preliminary) - x
\ ~~ I QO J0mb
e >t ) Measured | Reflected o ® 100mb
: 0 - o « C ¢ 250mb
‘ o N * ‘Hc - ® 420md
R Al 0,15 B O Tita C
, m I .' Yy ‘. ¥ Drcutcrun . o - .,
;:: E‘ 3 oe'v YV' ® Proton M qf.‘illlllllllllllll”l]l
. o 69 ...... 5 A K’ o _
- AOET PO OIRCL L F T T=96MeV.B=0) Proton
. b L8 *, . * T highp, £ o=t T=96 MeY.B8=0
O'l I~ * *A8 B T lowgp, - O 30omd
p . s " ; - ® 100mb
] I :Q- x? o ¢ 250md
# L - o c
£ L *x -’8 P S x* a E
. M n" gy Y H -
- O 05 - ° l... ...l 0 E..‘
Y . i . - .
A I g Nau'® = ln-. -
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i y(O) E
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£l
2 1
. Exponentielle Spektren

Systematische Variation mit der Rapiditit

Protonendaten zeigen anisotropes Verhalten (prolat)

Abfallparameter fir Kaonen und Protonen sind ihnlich

Bei ).(0):0: Ordnung nach der Ejektilm asse Rapiditfitsd.ichteverteilungen der M' esonen sind '
¢ durch eine isotrope Emissionsverteilung parametrisierbar
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strange meson-production probability
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COSY-Proposals mit Strangeness-"'Content"

COSY-Energiebereich: 40 MeV -2.5GeV  (p=270MeV/ic-33 GcVIc)

Proposal
Nr. Thema
1 Spectroscopy of Light Hyper-Nucléi with BIG KARL (Ernst, Bonn)
2 A-Production at Rest by Means of the *He(p, ‘HeK')A Reaction at 1 GeV
(Ernst, Bonn)
6 A Precision Study of Near Threshold Two Meson Production via the
Reaction p+d—*He+n™+n" and p+d—’He+K*+K~ (Jahn, Bonn)
11 Threshold Meson Production at the Internal COSY-Beam in the Range of
Scalar Mesons involving Strangeness (Oelert, Julich)
12 Study of m and 1 Production and Interaction (Roderburg, Jilich)
13 Production of Very Heavy A-Hypemuclei at Energies Below the Nucleon-
Nucleon Threshold (Schult, Jilich)
15 Associated Strangeness Production in pp-Reactions (Eyrich, Erdangen)
18 Study of the Subthreshold K* Production with a 0°-Facility at TP2 in COSY
(Sistemich, Jiilich)
21 Study of subthreshold K'-production (Miiller, Rossendorf)
32 " Measurement of the lifetime of the Hypertriton *yH (Nann, Indiana Univ.)

© COSY-Prepasal 6:

A Precision Study of Near Threshold Two Meson Production Via
the Reaktion p+d—*Hetx'+x" and p+d—’HetK'+K

Detektor: - BIG KARL, MOMO
Physikaliscke Motivation: » ptd—'Hetx'+a" (E,=432-510McV)
o pHd-P’He+tK'+K (E,=1.73 - 1.83 GeV)
® precision data on low energy (T<50MeV)
meson-meson interaction
(Phase behaviour, resonances in meson-meson-
scattering)

¢ ABC-effect, KK molecules?

¢ radiative ®(1020) decay?
—» strange quark content of f, (975)

¢ glueball in the 1 GeV missing mass region?
(determination of the K'K'/r'n” ratio)

Experimentaufbau:

Spectrograph
(Big Korl)

ry




COSY-Proposal 12:

“Study of 1) and 1’ Production and Interaction”

Detektor: TOF

ot anmb—e et < 4 S 4 e ees

Physikalische Motivation: e measurement of cross section of pp—ppn

o measurement of cross section of pp—ppn’

* pd—ppKA, 3pKK, *Hen, *Her{
—» constraints on the quark and gluonic content of
nand v’
differential cross seclion

B

. -qne+sind
ap pid el He bt ) n = mgocos & M A
peetiminary nire — coplanority
4

dofis Lrbfuee]

7= 7, sin GP + m* cos Op

=2 K (1506 <-> 895 ) (MeV/c])
=2 ¢ K (1801 <-> 1784) (MeV/c”)

{N\

1. ) bp = pry (4
f PPy (y
s JH”
ci_.m 2‘. 7(74‘_41_‘} ky
R T e R . J
ftefative ot Energy { UeV] Ak A/
. Coplanarity of the 5°%" - gveats
Fig. 4; Relative encroy spectram of twe « plon events Fig.3i Cop K }/ |

from the reaction pd ~ 'He o % at 1150 MeVie

ircident protorn beam montentun




—

strange quark content.

Non-—strange quark content!

Fig. 1 n quark content [{4]. % and y are defined in the formula:
fd= % + 1/v2 [uuedd) + y - [s8)

étrange, quark. content

X

Non-strange quark contentl

Fig. 2 n' quark content [4].(Updated for ¢->n'y (5] and .for
J/¥ ~> vector + pseudoscalar meson [6])

Reactlon

pp->ppn |pp->ppn’ [pd->3pKK pd->ppKA

pd->3He ¥ l pd->3He %’

Threshold
(GeV/c)

1,986

3.208

2.521

1.850

)

1.873

2.434

Homentum

of scattered
protons (3He)
(GeV/c)

at threshold

at threshold
+50 MeV/c

at threstold
+100 MeV/c

0.77

1.06

0.62

0.50

1.32

1.18

.61-.98

.84-1.23

.42-.86

.31-.72

1.19-1.52

1.63-2.18

.§5-1.08

.81-1.40

.35-.97

.24-.83

1.15-1.62

1.56-2.18

Maximm lab.-
angle of
scattered
protous (3He)
at threshold
+ 50 MeV/c

at threshold
+ 100 MeV/c

10.5

7.6

16.7

6.3

14.7

10.2

23.7

8.9

8.0
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Decomposition of phase-space
Nucleus-Nucleus

Nucleus-Nucleus

e Differential cross section - ‘

. .QS\. bz, (81 @ v
doap(s:@) =3 04 pn—r2t W

. @ Za b 2 . Mu\,ag\munouemm“n.w,Zv
decay of . a
hot fragments Tazbs Glauber
a%& e Probability of populating channel
\Rmo:msonm @.,2 = AQ..,T < N, QQ,QUV
-
A\
coalescence Do
/% dW(s;dy) o« dZg(ag)dZp(ap)
nucleons N ,
11 d21(ap) p d2n(ST)
decay of i=1

hot fragments

e Number of final states in ay (J = C, D)
vy ny—1
(27)3

~d3P;
J m.\

dzj(ay) = dM p(P3)

nj .
11 (20; + 1)2m;dm; F;(m;)
1=1

M; M;
—= 1V K1 | —~|dL My
S, 1 S, ny(My;ay)

i Internal momentum distribution

May 3, 1996 <t nora: ftex/talks/roc/1996 /roc-phase-space-AB.tex May 6, 1996 nOCA! /tex/tatks /r0e/1996/roc-nuckeus-nucteus tex
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Rapidity distributions

p(14.6 GeV/c) + Be = hadron + X p(14.6 GeV/c) + Al = hadron + X
T T T T T M T T ) T T LB

tr 1 ] vy r ~
r 1 : 1 1
0° w0° :
ﬂw:_ S | 3 A T 3 | . ; . + 4+
s | 1k 135 | 1 1 p(9.2 GeV) + (Be, Al,Cu,Ta) = (rn™, K—)(3.5°%)
7107 - 107 P e 7
b R_\_A_\rf-r i _L._..UEI_JV 1 b { _Hj!vu”‘l_.—/_' Il ,_ _H1 lrr 1 ] .‘o ' ' ! ! +_. ! ' ' o - 1§
A F T T T .~ T i T T J ‘ wv T T L) 3 T T T m j - ‘N.q m
P d P d 107k . E
- 1F 1 3 {F x : 5E mh);/_\_‘lq_\. ]
LT 1 ,f { % 1r LH.\J# 1 10 4 el 6_?57_1[ E
s e R 04t ‘ g, erﬁm
rapidity y rapidity y m;.rfrrfni -, g E She E
—~ E e P o, . l.JI.J . =
P 107 T wﬁfffré; g
p(14.6 CeV/c) + Cu = hadron + X p(14.6 GeV/c) + Au = hadron + X W AONW .).Jm ! rwm
1 ' ! ﬂ.a. P q.n 1 T ! q.ﬂo‘__' PR .Mﬂ...m %] MI AM H
Ux\x,,l.? Mt&xjf E&.:. _ o 10 u ]
8- 1F 4k ] m 1 L 1 ' 1 L1
g R ] <1 5 g
g ﬁ 1t : < 10 v |
L AR T R R o 10°F 1 F 4
1 F 1‘}.{..2 mi T m . T q L ,_Owu1 ] E .m
r . 1r A_Mo 1F —.._._LHH 1 m f mm
_o.n“. , 2 Lﬁuﬂr .M_.—L [R .w AONMI Rt by
R S e A E i
raopidity y rapidity y 10 -
. ; ] |
-1 = f
Data (blue points) from E802 collaboration 10, E i
[T. Abott et al.,, Phys. Rev. Lett. 66 (1991) \ 10 5 5 0 5

1567, Phys. Rev. D 45 (1992) 3096] are com- momentum p (GeV/c)
pared with ROC calculations (red histograms)-

May 3, 1996 nora: ftex/talks/erg/1996/e802.tex-5
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Study cf
subthreshold K™ orccucticon
12 0
P C—= y?ﬂo v +X 1 Introduction
_1.5CeV_

T3

2 GeV 2 Model calculations

«10071 | 10 m 2.1 Total cross sections and inclusive
ERN: E 3 spectra

2.2 Correlations
2.2.1 Background
2.2.2 Momentum spectra

PACRCIl Invariant-mass spectra

PR R 3 Missing-mass spectra

y N3 Ratio of kaon- to pion-pair

3 Experimental set-up

3.1 General layout

3.2 Momentum and angular acceptance
]t “ 3.3 Particle identification
3.4 Resolution

0 05 1 3.5 Counting rates
momentum (GeV) ,

P
0
3
(@
T
t.
0
0
£
S
0.
©
~N
(&
o
~
o
g

4 Proposed measurements

April 10, 1996 nord: Jtex/vortrag/knuproptsal/ 1996/ kminus contents tox




"Near- and sub-threshold Data

strangeness production subthreshold A~ production

e available

| / + { / _ ’
8p->6/\.[( Do ep—-—}equ , . .
L; | cesar | | Si+ Si
SRR | | Ca + Ca

1.0 ... 2.1 GeV per nu_cleon

pp— KtYN pp — K+ K—pp
COSY-15 COSY-11

| pA— KtX pA — KTK—X
' COSY-18 COSY-21 (nhopefully)

, 1.6 ... 2.0 GeV per nucleon

AA - KtTX AA - KtK-x | e not available
‘; _ SIS ) SIS o
) data from hadron-nucleus |

April 11, 1986 r v iprop tex April 10, 1996 nora ftex/vortrag/kmmproposiat/ 1996 /kminus-contents tex




1. d

K™ production

irect

N+N = N+N+wa+ss
-+ N+N+EKt+ K-

2. via mesonic resonances

N+N — N4+ N-+gqq
— N+ N + meson
—+ N+ N+KT4+ K™

e well established:
$(1020) I = 4.2 MeV

e structure under discussion:

ap(980) I =50...300 MeV
£0(980) I = 40...400 MeV

3. via baryonic A(1520) resonance

il

= 15.6 MeV

p+N = p+N+ss
— N+A(1520)+ Rt
—~ N4+p+r + Kt

Aprll 10, 1996

nora: ftex/vortrag/kmiproposat/1996/kminus-production.tex

p + %C —> hadron + X, 0 s10°

LA S B A ML SN NS LM N N S S M B L

do/dQ (mb)

a K™ ;

10 via #(1020)]
of via A(1520 3
10 vic 0,(980) 5
.3 ¥ via £,(980) 1
10
-4 ]
10 E
.5 ]
10 E
¥ 3

10 ]

7 N
10 F .o 00 1 ST T T AT S
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

projectile kinetic energy T, (GeV)

Energy dependence of differential cross sec-
tions calculated with the ROC model. In
case of K~ production the contributions
from intermediate resonances are indicated

Ageil 18, 1596 0003 Jrex/enntrag fkmioroposat/ 1996 /k-prop-figla tex
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0 p(2.5GeV) + ’C —=> h* + h™ + X
A L Ly S L A S B ALY LA

do/d’QdM (mb sr? GeV™")

ratio

1 1.02 1.04 1.06 1.08

invariant mass M (GeV)

Calculated invariant mass spectra of kaon |
(0g+x-) and pion pairs (o, 4 -) and

the ratio Ry = og+g-/0
interactions at 2.5 GeV

for pl2C

7r+7r"'

. enhanced strangeness production due
to locally heated nuclear matter?

e admixture of s§ component to the
wave function of nucleons??7?

April 11, 1996 * nora: ftex/vortrag/kmipraposal/1996/k-prop-figl5.tex

(2 5Gev) + 12C - (0+1)N + K* K+ X

5\120 i I

% (x1000) L

o

2.8 -

\:100 r T e b4
TR
Q _ A

b O N | [
O 15 .

M | —
i (x10)
[ . N ; T

10
b CHesp! T Me T T T T T
I I(XSO) l
0 boe v 0 0
1 e
0 i L el Aﬂjﬂhﬁ&ﬂ PR SO NN WOUSINE WRUO MNUNE SRSV AN SOUS SONOT S k
8 9 10 11 12

. missing mass My (GeV)

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+ K+ + K~

(a=1...4

April 11, 1996 nora: /tex/vortrag/kmipropesal/ 1996 /- prop-figl 2 tex




(2Gev) +‘ZC - (o+1)N+K*+K +x OS1O°

~ 10 7

> : (xsoo) (x9

(@

) O_____‘VJAIIAII

£ b6

E" 4

1=

} O PR TN S R ST S W S | L (I S | I

© 0.8 L B “‘}‘-I-l-'pl T 'JH L L AL TR

17 4

O‘,...I. PR .|I‘.,..l‘.1.
ST e T
- H‘XZO) l 1
01...,111 o d ol ]

008 e T T
i (x10) Ih
O-’"l_' 1T I do s

POV T S RIS S i
7 8 ] 10 11 12
missing mass My (GeV)

Calculated missing mass spectra from p!2C
" interactions at 2.0 GeV for the production
of K+ /K~ pairs accompanied by (a+1) nu-
cleons with a being the number of partici-
pants according to

p+[aN] = (a+ )N + K+ + K-

(a=1...4)

May 3, 1996 a nora: ftex ftaks ferg 1996/ miss-mass-2nck-1 tex

Counting rates

Decay-in-flight and detection efficiencies of

40% for K+, 80% for K~ and 90% for
all other particles have been taken into ac-
count. Counting rates smaller than 1 h—!
have been omitted (except for KTK~ at

. 1.5 GeV)

Energy/GeV . 2.0

Luminosity/cm—2s—1 . 3.10%2

Detected particles counts/h

KtK- 140
7t~ (Mzr > 0.98GeV) 300
K+K‘ 2p
KtK-d
K+*K- dp
KtK- 3He

KYK-3H

April 10, 1936 nard: Jrex/vortrag/kmiproposal /1996 /counting-rates.tex




Proposed measurements

Energy ,and target mass number
dependence of

1. invariant-mass spectra ‘

— strength of $(1020) production

-+ propagation of $(1020), K+ and K~ through

matter
2. ratio of | K+T/K~ to «T /x| pair pro-
duction

- production of strange and non-strange parti-
cles at the same transferred four-momentum

3. missing-mass spectra

— determination of number of participants

— key for the understanding of the reaction
mechanism

Aprll 10, 1996 L nora: ftex/vortrag/kmiproposal/ 1996 /kmi
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47-Geometrie

Besonderheit der K*-Missing Mass-Messung ,
p(1.5GeV) + *C — aN + K* + €+:-v> + X

fm+q *He+p

06 10 0]
z_mm_ao iomm M /(GeV %)

100 Tt T ]
g p
p + [aN] = aN + K+ + A o sof o 7,.
—IV ..V 0 3 Tﬁ/ »\l/ N
_IIY ™ +p 3 200 — M:_ww %mu :
o 100} x x .
™ +n SO e T r ]
< 10 f+wu )
o N oh/. ]
M3 Sp = = (Dinit — D+ — Pp, — Puz — WH pi)* S ot T) : (
5

LML LI SN L B

15 y

] p(1GeV) + 'C = aN + K* + (p+nr"), + X

e ] 500 ¥ ' ' 3p 2p p
10 - ] ﬁxuov _)?E 5
L ] 0 ¢ s L

2000 ¢ T T

d+2p d+p d ;
1000 ris ﬁé _7 :
IS S | S , , _

400 7

f+1+n
200 F 7:5 h _; :

e : ] N
uLu.foD u !

500 + He+p  “He “1
a \L . (x200) —/Axmv —/
et v e B N

105 1.1 115 12 O 10 11

do/dM,, /(mb GeV™' c?)

O
!
1
do/dM, /(nb GeV™' ¢?)

-

My, /(GeV OINV z_mm_:@ Zomm My /(GeV ¢™)
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Raten am ANKE-Spektrometer

Energie Ty /GeV 15 1,0
Luminosititfem%s! | 3. 10% | 3. 162
Gemessene Tetlchen Teilchen/h
Kta=pp 930 | 0,0015
Kta~popyp - -
Kte~pd 80 0,3
K*a~ p3H - -

Raten mit 4m-Pionen-Detektor

Energie Ty / GeV

115 110

Luminositiit /om—%s~1

3-10%13.10%

Gemessene Teilchen Teilchen/h
Kta~pp 23000 |3
Kta~popp 36 -
K+a~pd 2040 |39

Kte= p3H
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CASLMIR  (1960-4)

dbna s« owe : .. \o CA Ta N ~ 53¢ GeV
Q}%eror\ : N\Q
ER = 2-¢& GeV

E/4 - 2.4 GV

Nw %4... + m.. b}
Z&.\D.:l A Z*N/l | —_— x, ._ 'y ..n\.t.\f.Aw Q.MO‘W\O’!.@.
Unlu.dd%v“ NNU T.M\P _
>.Mn\e, e T
N = ..p.v M\I$> i x «ﬂ\ * - G&ﬂﬁ
m\\v =+Db.u m.m>\\. D MEL o UV T Ll
leot o ven: et 2 BN% o > O 3T

P - -
A&D\Cw ?N&A\xﬁa\ - NMedrlel

P (AT ) = N+
(osufr CWAN®) = N k)

Quonctlt : FRE: AN® =2
eva b) ¢ Loslp + L) |
Srophitovnan, Frlope

Led | @cfcg

Melorghfou, provesse ; AT [




LA 4
a0y dp S

awnind ndue Susedisop fim ez SpTed-y M) Ymop Fmott JO 0OY Y MOy Maws
14 sosouetind amdunt 21 Aq patjauny) snode Aupider s vl MO WOROBIP YL SHIHN [Eredwsdre
SunsRort ) Kpamaaeor 'siun-d sy we apnooford pee wonks NN 24 Jo wornsod  notpw
1 JO Hust| FeatITWOULY S8 INoYS JW PIHSEP UL T, 1) ASD 9E
PIRIRP 3IPNIMA-Y 59 1 WA S 1) A, “WorONpoXd-p
P/OP UOIN $5013 ISP PO 2 Jo 2wnd Aupicdes vy si0rd Inelwe] Tt g

L3

Ay P,
ooy 3 -1
w0 Tiwe tasEr Lz 00 "t e 224
(304 ” I
e m 14
”eve LU 1
Rl A1 d ] taitee e " 1]
e oo i) o
covyy oot 7 00 P S
Texre K (32 K U
LaRa1sed oot e ™
(b4 lymy» ) [am]e
iy
1. mrwurdvy VOremIe 2peve)
Rt ]
IS pUT werOST NOR prsed p Pt PIMRGTES waiang ]

SAPNT pprer-spRoee ) [ aap W Lve MY

i " y S
> o1w9, YpAp
% CED B mwewn
$ ) RV~ —
(343 ST pposespRne) | amp fp UuvE MY
o \Dﬁ\.lkL , ..EAUQFFE’\. -— PAHOE A P OFICH SROT




.

Aw..!ﬁuw... U

w b

e, .
+

LA H H

Fig 1 acdunve and partanl Loom sectiom fur K* POdCIGN s P ettt The full hine indicates

the M wsed s CASIMIR

where Ry, is their relative werght depending o energy. The oaly absolute weights
of the differem channcls known presemt stem From the experimen
abuove: Fa el ey s, - SEIATIEN T wddition, R (wo olher cnccgies the
relative weights are knuwn from best fits 1 the phase.space model to experimental

duta ™). This information is summarized in our it

.
PR P VU TN

HW Baex, H Iwe f Ctscade madel srdves

RS | S—

5 1Gevi

5
T iGevt

Ry, =435(T-147) ep{-HT-2in+t,

4" = qoc pb {

&, (8

o mm e can b whisinedt B iavnin eeflection while for

&

- 0.0
Vi ..m.«wv



uoronpoid apraed a8uerss jo aIpnys Juerny)  sopdwreyy g




Let’s Make Strangeness
II. Heavy-Ion Collisions

Presvent  Theoretical Activities in Rossendorf

1. /5 = 200 - 5500 AGeV: RHIC - LHC

B.K./Pavlenko (1996)

uds democracy — charm becomes interesting

2. Ei = 158 AGeV: SPS B.K. (1996)

kaons 4+ Lambdas flow as anything else (protons, pions)

3. Liyp=1-2 >Qo<m.ml Kolomeitsev/Voskresensky /B.K. (1996)

explorative study of in-medium effects

Hard QCD Processes at RHIC - LEIC

— @

beam 1 midrapidity beam 2

large-angle scattering — large ¢t — perturbative QCD processes

u,d,s are treated on cqual footing — no exceptional role of strangencss

(unless soft processes become important)

dominant production by gluons: g q

destructive interferences — no liberation of u,d.s towards midrapidity

charm becoines interesting: ¢ = lightest of heavy quarks

attacked problems:

— primordial vs. thermal ¢ production

- open charm decay: ¢ é— D, D
D, D — p* 4 anything — uncorrelated lepton pairs
— huge combinatorical background for dileptons

— give up the hope for a thermal signal?
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Kaons flow as anything else in Pb 4 Pb at 158 AGeV

thermal model: T, 4 — local momentum distribution

hydro model:  u, — flow

~,
~
+ long. boost invariant flow (axisysmmetry) S
+ lincar transverse flow profile W
EN
+ Cooper-Irye formalism with unique freeze-out time b
§
3
N
dN? push(p) m ch(p)
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K~ Spectra in HICs at BEVALAC/SES Energies

studies of in-medium effects:

Brown/Ko/Wau/Xia (1991) M*(T,p) — o(T\ p)
Li/Ko (1996) wx(k; T, p) — o(T, p)

_ulv555%2285%55?? (1995) K~ quasiparticle excitations

ﬁ _ W

Weise et al (1994/96)

1)

extended studies by Brown/Rho ... Muto ... Yabu ... Kobodera sitice 1992

(]

B NeXu  J. Steecliel

-
-—

Fit of the NA49 slope parameters K condensation

_I new: 2" branch with K- = A p™!

0.2 : 3
0.1 0.12 0.14 0.16

T [GeV]




explorative study of K™ freeze-out:

1. fireball model:
(a) thermal + chamical equilibration
(b) simplified dynamics
(c) allows complicated dispersion relation
- T(2), p(t)

2. leakage of K*: Mg+ > Ap- %

=

— strangeness destillation ";Lc +

3. adjust pg+ from S =0and N7
— 5 sits mainly in A, 32

— O+ is needed

Ea [AGeV] | og+ [mb]
Ne 4 NaF 2.1 23 & 8 | Schnetzer et al. (1989)
e 1.0 0.34 0.1 | Grosse (1993) KaoS
Au + Au 1.0 4] £ 7 | Miskovic et al. (1994) KaoS

used for interpolations
4. procedure for hopping on shell:  time scale arguments —

- upper branch: frozen-in spectrum

lower branch: change to vacuum spectrum

5. results for

Eias [AGeV)
Si + Si 2.10 Barsch et al. (1985)
Ne + NaF 2.10 . | Shoret al. (1989)
Ni + Ni 1.85 Schréter et al. (1994) FSR
Si + Si 1.65 Carrol et al. (1988)
Si + Si 1.40 Shor et al. (1989,'92)
Si+ Si 1.16 -
M+ Nt 4.8

Kao S bl er couiake re e,
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