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Strangeness program of FOPI

Data from elementary reactions

K°, A production and phase space distributions in
m+C,AlLCu,Sn,Pb @ 1.15 GeVl/c, (S273, 2004)
K’, K*, K, @ A production in

T+ LH,, C, Pb @ 1.7 GeV/c, (S339, 2011)
Kaonic bound state ppK- in
p +p @ 3 GeV, 80M (S349, 2009)

Systematics of strangeness data from heavy-ion reactions
K’, K*, K, @ K*, A, Z[{1385) production and flow

System beam energy events (proposal, year)
Ni + Ni 1.93 AGeV, 100M (S261, 2003)

Al + Al 1.91 AGeV, 200M (S297, 2005)

Ni + Ni 1.91 AGeV, 80M (S325, 2008)

Ni + Pb 1.91 AGeV, 100M (S338, 2009)
Ru+ Ru 1.7 AGeV, 210M (S338, 2009)

Search for
Kaonic bound states
Hypernuclei

in heavy-ion reactions
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Heavy-ion collisions @ SIS

,ﬂ b @ Threshold energy in a fixed-target experiment

NN — K*YN E, =1.9GeV
NN — K*K-NN  E, =2.9GeV

Central Au+Au @ 2 AGeV

@

Time =———) 20 fm/c

Density a few times p,

Strangeness produced in the early stage
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In-medium modifications
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Yields ratios
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Problems and questions

Slopes of m, spectra at midrapidity

180 -

Details of flow in peripheral collisions

T, q (MeV)
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: ) ¢ Production of kaonic bound states -
theoretical speculation

Central density in Hl collisions

Sng%S, §PS,
from transport model calculations: %_ — ——
Qm=2-3 . pu Au-Au
107 |
Possible mechanism for cluster formation: <
T.Yamazaki et al, NPAT38,168 (2004) E
5
: : d . 107 |
1) Kaon production during high density phase
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=
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Z) capture of K™ in deep trapping centers - ) —— E/A -
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10 s'72 [Gev] 10
H Abundance larger than =
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ETK FOPI @ GSI

g
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S FOPI detector

& <&

"

Magnet Zero Degree | General purpose
MMRPC Complete azimuthal symmetry, large acceptance
Helitron+Wall : 1.2° - 30°

CDC+Barrel :0,,>35°

B=06T

Fixed target experiment
(variable target position)

w2

o

Heavy-ions and elementary

Direct detection of charg}edf _article?
o efficiency

fragments, pions (95

Plastic Wall

Helitron
Plastic Barrel Ru 34°  26°

IPNE Bucharest, Romania
ITEP Moscow, Russia
CRIP/KFKI Budapest, Hungary
LPC Clermont-Ferrand, France
Korea University, Seoul, Korea
GSI Darmstadt, Germany

IReS Strasbourg, France

FZ Rossendorf, Germany
Univ. of Heidelberg, Germany
Univ. of Warsaw, Poland

RBI Zagreb, Croatia
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Time resolution from
fast pion tracks (p,,,>0.9GeV/c)
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First RPC-TOF system in the world
Prototyping the TOF system of CBM @ FAIR
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“ |dentification of charged particles
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Mid-rapidity not fully covered
Extended thanks to the RPC Barrel
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x-y plane A _> Tr p (64%) ,CT=7.gcm

tracks
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Background reconstructed by event mixing

Topological cuts decisive for the amount of background (S/B ~ 10 no problem)
Mass resolution (in the case of weak decay) c>4 MeV
(depending on momenta of daughters, intrinsic width not extracted)
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Reconstruction of bound
kaonic nuclear states

™ embeded in

VD

Only invariant mass

K.Wisniewski Il Int. Symposuim on Mesic Nuclei Search for a ppK— bound state
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Selection criteria

Cuts on
mass of 1, p, A 0.08<m,<0.7, 0.7<m _<1.5,1.16>m >1.26
p,of I, p, A p,(m>0.09, p,(p)>0.30, p(A)>0.30,
h_.of TLp h_.(P)>25,h_ (p)>30
o(dxy) of T,p o(dxy)n<0.1 ,G(dxy)p<0.05
d,of I, p, A 1.9<d,(p), 0.6<d(p), d,(A)<0.5
z difference of p and 1t abs(zp-zn)<20
phi difference of p and Tt abs(phi -phi )<2
and of Aand p abs(phi, -z,)>30
d of A 4<d(N)<30

Removal of crossing tracks
Background reconstructed by event mixing
Events rotated in order to align reaction planes

K.Wisniewski Il Int. Symposuim on Mesic Nuclei Search for a ppK— bound state
Uniwersytet Warszawski,FOPI Collaboration Krakow, 22-24.09.2013 with FOPI



&5 £ % ppK-in Al+Al and Ni+Ni @ 1.9 AGeV
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\jﬂg” Search for Ap in elementary reactions
s S

> A(1405) + p + K*

> PpK” +K*

New
LV2 trigger
Start detector
Liquid hydrogen target
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Analysis in progress

Exclusive measurement

Worse momentum resolution TITRON

in the forward direction
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> dA in Ni+Ni @ 1.9 AGeV
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... compared to other experiments
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dA is also a hypernucleus
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(pi*,K*), (K-,pi), (e,&'K*)
Q.Hashimoto, H. Tamra, Progress in Particle
and Nuclear physics 57, 564

The first observation of the decay of a hypernucleus
M. Danysz and J. Pniewski, Phil. Mag. 44 (1953) 348

Il Int. Symposuim on Mesic Nuclei
Krakow, 22-24.09.2013 with FOPI
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Production mechanism ...

... favours AA collisions

e E0as AV

1H | tHe | %He

total yield (ub) 2.2 4 1.4

pionic contribution (pb) | 0.3 | 0.2 | 0.03

Z Gaimm%ﬁﬁm)/ Physics Letters B 675 (2009) 297

No experimental verification

K.Wisniewski Il Int. Symposuim on Mesic Nuclei Search for a ppK— bound state
Uniwersytet Warszawski,FOPI Collaboration Krakow, 22-24.09.2013 with FOPI



Certain disadvantages
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Momentum transfer (MeV/c)
Cross-section definitely not favorable
Beam intensity so-so
No missing-mass measurement, only invariant mass
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Advantages

Large momentum transfer and recoil
(more) precise lifetime measurement
small detectors in fixed-target experiments

Rare fragments
population of n/p-rich isotopes

Multi-strange objects
production of XXA-Hypernuclei

K.Wisniewski Il Int. Symposuim on Mesic Nuclei Search for a ppK— bound state
Uniwersytet Warszawski,FOPI Collaboration Krakow, 22-24.09.2013 with FOPI



First Measurement
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JINR Results

Avramenko et al. NPA 547, 95c (1992)
H.Bando et al. NPA 501,1900 (1989)
M.Wakai NPA 547, 89c (1992)

Beam Hyper- Energy Cross  Sections (ub) ' 4-' \___l:_ ~ -1-' " "
nuclei (GeV/nucleon) Theory Experiment Ay _ g ki §Prof 2 '\C , EP |
He 3B 5.14 003 00505 5 10 15 20
‘He 3H 3.7 0.06 <0.1 MASS NUMBER A
AH 2.2 0.08 <0.08 il FEAE R U
; ‘He.C - H.X ex
3.1 020  04%% tes Gy T
i 3H 3.7 0.09 0.2%03, 3 n{_
tH 37 02 037 ~ 10 #
L L 3.0 0.11 <l =t 1
1 A e / \
¢He 3.0 0.25 <0.5 10} {‘ =
Background reduction by a dedicated trigger [ et SR i H B
Small statistics, rather poor precision E (GeVInucleon)

Cross-sections described by the coalescence model
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\\s\\M@ Second generation experiments
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Precision experiment ?
not fully dedicated
to the hyper-physics
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Anti-Hyper-Nuclei

Science 328, 58
Nature 473, 353

No hyper-trigger
AutAu @200 AGeV 350y M0
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Search for Hypernuclei
in Ni+Ni @ 1.9 AGeV

x-y plane = 4 Event 622224

e o . == Mesonic 2body decay
| "' ' 3 H ->3He+Tt

bR W A

QO T, I
h §
«© .o

Bl B

B Mass/q (GeV)
Mass & charge identification

OcHIT 1546
WCHI1 286 .
® sense wires

field wire planes

Accurate information about
TOF is essential (o, , . ~ 65 ps)
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Uniwersytet Warszawski,FOPI Collaboration Krakow, 22-24.09.2013 with FOPI



¢, Selection criteria

11?‘}“!'" SR
s

RS

4

"‘L«%*/}Strategy :
take everything and clean-up

4 - / @E,z

J\ E({ﬂ ->2 c¢m)

-~
x

Essential topological cuts:
distance of closest approach (d0)
decay length (r_) and direction (b, Cyecay (phypermton)

Large momentum and Lorentz-factor help

K.Wisniewski Il Int. Symposuim on Mesic Nuclei Search for a ppK— bound state
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* H ->*He+TT in Ni+Ni @ 1.9 AGeV

6*10 ’ events, 50% central
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3 o o7
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Background reconstructed
- by mixed-event method:
3 s g centrality classes
-* " wess,(cev)  alignment of the reaction planes
Im “r Mecn:2.992+0.0008 (&Y/** -
3 Soresoess v/ 5 Removal of
" 'ﬁf:'fccﬁ;iﬁ-? 2 200 closel/intersecting tracks
20 ‘I}{K‘ 5 {.H
oY Hﬁ# *Jf H il i eeenetd Detection rate: 10-%/event

ka(uﬁ e)(GeV) S/B~10-1 . Significance ~ 6
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3 H lifetime

m
o PR180,1307(1969)
50 Foa- 1 ] 400
s D 66(1970)
..................... E 5 -"'.-'}__ PRL20, QEEE?};&;
""""" D el ) | seag
--------------------- = E | i L 7 :
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——HH 100 I T
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Decay distribution
Efficiency corrections from MC
Lifetime agrees with the world data
(precision comparable with other measurements)
K.Wisniewski Il Int. Symposuim on Mesic Nuclei Search for a ppK— bound state

Uniwersytet Warszawski,FOPI Collaboration Krakow, 22-24.09.2013 with FOPI



Phase-space population
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Coalescence

:V djff(;“l F)_(m\_l_m[:)'is ( y djﬂ_[l’l)( v d}ﬂ_“.})
o, dkl O\ mum, Nor, dk! o, dk;

H.Bando et al. NPA 501,1900 (1989)

1lllE
50
> n:
Rapidity
Particle P(iH e) P(A) P(d) Lo Error
Region A | 3.4x10™* |80x10™*|1.7x10™" 2.8 6.8%
RegionB | <3.0x10™ [21x 107 | 1.6 X 107" || < 8.8 x10™* | 23.6%

Coalescence does not work very well
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Other Correlations |
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3body-decay Reconstruction

Testcase: K" >z +z°+7° (5.6%) Application: ,/—>7 +p+ d
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Background reconstruction much more tricky
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Strangeness in AA collisions studied extensively with FOPI

Evidence for in-medium modifications of K mesons

Summary

Kaonic nuclear states
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Looks like a good (re-)start ...
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and hipernuclei
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Double strangeness production

=  Production of =
K? in 77 induced reactions at 2.5 GeV/c

, Production of ¢, He
\ 3 in heavy-ion reactions

6 6 | ;
AAHe—> ALI+Tl'

6ALi — Be* + TE

K.Wisniewski Il Int. Symposuim on Mesic Nuclei Search for a ppK— bound state
Uniwersytet Warszawski,FOPI Collaboration Krakow, 22-24.09.2013 with FOPI



Last Slide

FOPI was turned down end of 2012
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