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-(Anti-) kaon potential in nuclear matter
=experimental data and their theoretical analysis

-® meson in-medium properties
=predictions and recent calculations
=experimental data

‘Rate estimation for K*K-/® production at ANKE
=>feasible at ANKE

‘Production mechanism
=direct and higher order processes

‘Summary
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K+ and K- potential in nuclear matter

' T T T < - -
08k C+C: o %’/ 50 I Ni+Ni, Au+Au —>K"* K
2 1y oS~
oK . 1 2 of
% i ~ 2
s ik 0 i
5 10 4 = K o= -50 -
o C A D i s
lﬂ : f : --------- K_
,\"'::"\ I 1l i
E}{ L F il —100_—
0 e 5 i . B
= =] 150 ‘;' I+ NI p3=0.17fm
oL 1
-200 &—— K™ atomic data
TU_E ! | ! i T S

0.4 -02 0.0 0.2 0.4 05 ‘ '8 2

« (Gev/c)
-5, (GeV) P

A. Sibirtsev, W. Cassing, Nucl. Phy. A641,
p476 (1998)

M.Hartmann Tbilisi / Aug. 30, 2004 3



Forsch Jdlich o - o
ommen i T Institut fiir Kernphysik

Strong K- potential should be visible at ANKE

e S
= O
[ 1

/1

[
/
’+ kaon nuclear

V=20 MeV M. Nekipelov et. al,
Phys. Lett. B540, 207 (2002)

- B & o+ on
I
—

0 100 200 300 400 500 600
P« (MeV/c)

M.Hartmann Tbilisi / Aug. 30, 2004 4



Forschungszentrum Jollch ’
rpenderaey 8

Institut fiir Kernphysik

Experimental data from KaoS collaboration
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K- potential ?

W. Scheinast, PhD., Dresden 2004 E.Ya. Paryev, Eur. Phys. J. A 17, 145 (2003)
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Theoretical predictions for the ® properties in nuclear matter

¢ at rest in p, Am, [MeV] T, [MeV]
T.Hatsuda and S.H.Lee
Phys. Rev. C46 (1992) R24 20 - 40
F.Klingl, T.Waas, W.Weise 20 - 40 45

Phys. Let. B43 (1998) 245

E.Oset and A.Ramos
Nucl. Phy. A679 (2001)

22

‘Binkley at al., Phys. Rev. Let. 37 (1976) 571
o(A) = o(1) A*, oo = 0.66+0.03

‘P.Miilich et. al., Phys. Rev. C46, (2003) 024605
,hot visible"
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® decay probability

phi decay probability inside of nuclei
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® production in pA (KEK, Tp=12GeV)
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40 — L
25 L Tanashi 1999, Hadrgn and
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o = 1.27+0.21 (®d—e*e’)
data not yet published!
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® production in AuAu (AGS/BNL)
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FIG. 2: The invariant mass (mn.) distribution of KK~

pairs for minimum-bias events. The ¢ signal after background

subtraction is shown in the inset. The ¢ distribution is fitted

with a relativistic Breit-Wigner distribution convoluted with B. Back et. al, Phys. Rev. C69, 054901 (2004)
a Gaussian plus the background distribution from a mixed-

event technique, as described in the text.
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production in p+A, Tp=920GeV (Hera-B)

K*? and ¢ production in 920 GeV proton-nucleus interactions

Presented by Michael Symalla (Michael.Symalla@desy.de) and Christopher van Eldik (Christopher.van.Eldik@desy.de) for the Hera-B collaboration
University of Dortmund, Experimental Physics EV, 44221 Dortmund, Germany

ADbStract Heras is a ixed target experiment at the HERA proton beam at DESY. Apart from having run a dilepton trigger, HERA-B Particle ID with the HERA-B RICH RICH performance (for -1 particles)

recorded 210 million minimum bias events during the last data taking period November 2002 - February 2003 Cherenkov angle 0= 52.4 mrad
In proton collisions with Carbon, Titanium, and Tungsten targets about 900.000 K*+Kx_and 50.000 KK in central production were analyzed. o

First results of the data are presented, focusing on transverse and their the nuclear mass number A. penhoton
ors

33 photons/ring on average

single photon resolution 0.8 (1.0) mrad
for inner (outer) part of acceptance

Cerenkov angle (mrad)

Strange particle production Recently, searches for Quark-Gluon-Plasma (QGP) at heavy-ion colliders have revived the
interest in data on strange particles, since an enhancement of thelr production rates is one of the signatures of the formation of GGP.
Measurements in proton-nucleus collisions provide a natural reference to disentangle this signature from nuclear effects.

f strange provide valuable tests of QCD-based phenomenological production models.

RICH hardware setup
location: about 10 m downstream the target

radiator: 108 m° of CF, (radiator length 2.82 m) T
n=1.00137, low dispersion

T ]
particle momentum (GeV/c)

Paric

Data sam Ple » detector: 2240 PMTs (27000 channels)

+ data taking period 2002/2003 Interaction trigger \ Tom g different granularities for inner and outer acceptance
« subsample of December 2002
« during HERA-Il startup phase
« all data from 9 consecutive proton fills « multiplicity cut in RICH (> 20 hits)
« energy deposition in Electromagnetic Calorimeter (> 1 GeV)

Particle Identification
track based ring search algorithm
likelinood based particle ID

Planar excellent Kaon and Proton identification

Mirrors 4
efficiency for Kaons ID: 60-95% @ 10-60 GeV ‘ picev)  © 0 5 1Gev)
pion mis-identification: about 5%

« inelastic pN-interactions of beam protons with target wires detected by

« events triggered with interaction trigger

e « implemented as a software trigger

« single-/multiwire configurations used « logging rate 1000Hz (1.7TByte/day)

. i Pion mis-identification  Kaon identification
- different materials available at any time Radiator C, F1g

Spherical

Mirrors
statistics used for analysis: ~[material| even Luminosity [mb'] | #6 K reconstructed [K*{(bar) reconstructed R e Sult S
Carbon | 57x10° | 252154 16308+ 37 187680 + 1758 152050 = 1661 Differential cross sections
Titanium | 21 x 10° 33736 8018 £ 141 84232 = 1278 66793 = 1216 Koo % Ve B
[Tungsten| 53 x 10° 32135 263065 + 2473 197877 = 2296 : H =
¥ FeRRE pomnay
=
*0 EF : ~
K*® > K*n*reconstruction Acceptances - ~
Selection: Mass fit: K™ @ 1 1 wh =T £ 5 5
- 2 opposite charged tracks * Signal: Gaussian convoluted Breit-Wigner (o-wave) i Ll ot - ol ¢
+ Kaon identified with RICH (nard cut) | - - ¥ A 1 ~
+p,>10GeV, p >2GeV « Background:  bg(m)= I’o(m wh y -
~25y,,07 (Imited by e o 4 momenum tansern NS R ‘ p L . N
detector acceptance) =31, B ~.( ey
. ; 2
{ v | el prpren I | | | 28 describes K® | K*(oar) | ¢
“ oo | Fﬁ T |- o] w )T wE 49 1+ Px|  complete spectra material| B |,indt | _p [ ndt| p oindf
-\ e . o . e T e . dp; P fit results » | Carbon [6.02:+0.18 [31.7/17 [6.10 +0.22 [27.9/17 [4.32 £ 0.31 | 5.79/10
- . ooy s . e Titanium [5.83 +0.23 # 317 [5.23:40.25 |20.4/17 [4.29 + 0.34] 8.78/10
i \ - \ (parametrized by 2" order polynomial) simple exponential ansatz valid up to about 1.5 Gev? [Tungsten|4.42 0.1 [42.5/17 [5.31 + 0.19 [33.7/17 [4.34 + 0.28[20.36/10
BRI A AR, | Observation of Cronin effect for each p?. bin fit according to
t o based on MC-simulation } acceptance depends on k
e R T « FRITIOF for primary interaction | - target position (geometrical acceptance) “ref * Croninks 49y _d9y \u
- GEANT for detector-simulation | - target material (multplicity dependent # ConinK | Heras pretminary 1 dp;  dp;
K- ; same cus asfor realdata | ) 1] hERAgK® ——
¢ 2 K'K reconstruction | acoeptance ratios are flat . A
A-dependence of cross section depends on p,
. 12 4 5 sed (o< 1) for |
Selection Mass fit: acceptance for K* (¢b) between 1.2% (0.8%) and 34% (18%) . . * s":mss P g :' ') “;‘ ":' &
N ] : . main acceptance loss due to Kaon momentum cut by g b F + enhanced (o > 1) for high p,
p ﬁ"ﬂg“?:eﬂ”ﬂge‘ﬂ:‘";;'g” e ST CRr NN EE T IEr () ® acceptance smaller mainly due to double Kaon identification 3 due to multiple scattering inside nucleus
" p*' e Eofte) | . gackground: g (m)= p,(m—2m,,, )" T (cooperative behaviour of bound nucleons)
ox
+-0.855 y,,, <0.4 (imited by L
detector acceptance) ry=35r, 804 N i i « observed @ HERA-B for ¢ and K*’resonances
[ bEogaee o . L « in lterature up to now mainly measurements and
N + ® B 10 i predictions for stable hadrons available
I g 4 | PiGev]
et 3 3 5
= OULIOOK o compiets the prosonted anaiysis, the fallowing topics are currently under study:
+ « Rapidity dependent differential cross sections will explore the production in terms of the longitudinal
. momentum at mid-rapidity
- /w P - The total cross sections will be calculated by extrapolating to full phase space |
" " - The A-dependence of the total cross sections will be determined
! o ' Al studies are in a close-to-preliminary state. 1
mmDIn This work oy i o 1 und Entwickiung, FRG, undor contract numoor 05-7Do-55P. 2004
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® production in p+A, Tp=920GeV (Hera-B)

¢ 2 K'K reconstruction

Selection: Mass fit:

* 2 opposite charged iracks » Signal: Gaussian convoluied Breit-Wigner (p-wave}

* K+, K- identified with RICH (soft cut) : o
‘P > 10 GeV - Background:  bg(m)=p,(m—2m,,,)

- -0.85<y,,<0.4 (limited by « ¢p-yield: J-mq»+3-5f%
detector acceptance)
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Recent @ calculations in nuclear matter (BUU)

H.W. Barz et. al, Phys. Rev. C69, 024605 (2004)
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Recent @ calculations in nuclear matter (Glauber)
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V.K. Magas, L. Roca and E. Oset, B ' ' ' L ' ' ' ' o
arXiv:nucl-th/0403067 (2004) - PS .
1 -M_ﬂ,__ln__u ....... TFr--ian Misntnnmrnmisn = R J:
Bo” P ]

#— — 151
a—-a F5L )
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A
Fo(P=pPo) ~ 5 Theree =22 MeV, meaningful A-dependence!
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Recent @ calculations in nuclear matter (Glauber)
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Figure 6: Ratio of the nuclear cross section normalized to 2 for different proton kinetic
energy and for the inclusion or not of the two-step mechanism in the evaluation of the ISI.
The two-step process has been evaluated with AE = 400 MeV.
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Rate estimations and kaon momenta at ANKE

K" (left) K- (right) - ROC (64, M.Hartmann, 2000)
Kaon momenturn spectra ROC

- ROC,RQMD,BUUV (63,
V.Dimitrov, 2003)
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First ® production in p+A (CH,) at ANKE

N Mk Mass Kpkm PFet hinvMasszKpKm
Entries 3676 Entrles 3678
220 Mean 09025 400 Mean 1.015
B RMS 0.08183 B RMS 0.01593
3501
i Tp=2.88 GeV
300
- N . >1300
phi

80:
60
40
20
0
0.

ok
6 0.7 0.8 09 1 11 !.2 098 099 1 101 102 103 104 105 1.06
missing mass K'K'p [GeV/c'] invariant K'K- mass [Gewcz]

-60% of the collected data
‘No contradiction to the simulated rate estimation before
(but hardly comparable!)
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Production mechanism/ROC calculations

P2.83C-MiasM-Sub-pN-3pi-Bafd Aa-GOF1.pa P2 83C- Mig sM-Sub-pN- 10- Ba AdAa-GOF1. pa

p(2.83 GeV) + C[N] —» KKp+X p{2.83 GeV) + C[N] — WKp+X (@(100]
- all

do/dM {mb/GeV)
o, o o, o
T TT T 7T T ﬂ
r
o =
dofdM_(mb/GeV)
oo o
b da
I I I

—

B

—t

oQa

&
[ A %]

|
b}

10 '/_/‘/\H n
4 10°
10 M atl 0 (1l —|
hMissMassKpKmPFd Pr
Entries 5275 _|—|_|_'_'_'_
= Mean 0.8894
RMS 0.1134 :|
10° — Jﬂﬂ pn
— ﬂ_r_l_‘— nn
10 —
— ‘L|—‘J_|—'—L =2N
1=
S A i
[ 1 1 I 1 1 1 1 I 1 1 1 I 1 1 |assMK(GeV]
0.2 0.4 0.6 0.8 1 1.2

Wed Aor T ASH9EZ 200

M.Hartmann Tbilisi / Aug. 30, 2004 18



Institut fiir Kernphysik

i der Helmboitz-Gemeinschaft

Forschungszentrum Jollch "

Production mechanism/ROC calculations
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Summary / K*K- correlation at ANKE

- Rate estimation and first experimental data shows that kaon-
antikaon correlation can be studied at ANKE:

=possible, with good statistic and reasonable resolution and with
=low background in the invariant K*K- mass distribution

=Cross-section (30%) and the A-dependence (ratios, 10%) which
=provide potentially information of the ® in-medium properties,
=the Antikaon potential and

=>maybe also about the production mechanism(??).

- NEW proposal

=>First 2-3 weeks at highest energy (T,=2.83 GeV) for the ® in-medium investigation.

=Second 2-? weeks beam-time ('s) at lower energy around the free NN threshold or
below (has to be discussed!).

M.Hartmann Tbilisi / Aug. 30, 2004 20



