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(EJ =9 |

FRS (exotic beams)
Fragment Separator
Experimental Storage Ring

n production target

HADES

ALaDiN;

Experimental Area Test beams

Strangeness program of FOPI: FOPI
o Ni+Ni @ 193 AGeV (2003)
o 7=+ C, Al Cu, Sn, Pb @ 1.15 GeV/c (2004)
o Al+AI @ 1.91 AGeV (2005)
o Ni+Ni @ 191 AGeV (2008)
o Ni+Pb @ 1.91 AGeV (2009)
@ Ru+Ru @ 1.7 AGeV (2009)
o
°

p+p @ 3 GeV (2009)
7~ + C, Cu, Pb @ 1.7 GeV/c (2011) " consar o crans
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(EJ =9 |

FRS (exotic beams)
Fragment Separator
Experimental Storage Ring

n production target

HADES

ALaDiN;

Experimental Area Test beams

Strangeness program of FOPI: FOPI
o Ni+Ni @ 193 AGeV (2003)
o 7=+ C, Al Cu, Sn, Pb @ 1.15 GeV/c (2004)
o Al+AI @ 1.91 AGeY (2005)
o Ni+Pb @ 1.91 AGeV (2009)
@ Ru+Ru @ 1.7 AGeV (2009)
® ptp @3 GeV (2009)
o[~ +C Cu, Pb @17 Gev/c (2011) | S oneran
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@ Motivation: Chiral Symmetry breaking and restoration.

@ Results from Heavy lon Run: Ni+Ni @1.91 AGeV

— Flow of charged kaons.

@ Results from 7 -induced reactions:
7~ +C, Pb @1.15 GeV/c and @1.7 GeV/c

— ‘momentum ratios’.

&

Hirschegg 2015 V.Zinyuk@gsi.de | dium effects with FOPI 4




PLB 647 (2007) 366-370

t Physik Journal 8 Nr.3 |(qq)pr|
Higgs Vaguum °

105 | Electioneals symmety reating _
3 Y, -, p-Strahlen
2 b
2 (]
& c
E . s °
{ 10
5 s
T 42 —e
» 10
o
2
Tl d Qe vacgum..... |

& % Symmetry breaking

u

; i
1 0 10° 10° 10t 10’

Total quark mass (MeV)
Gel-Mann-Oakes-Renner relation:
1 -
m2f2 = —E(mu + mg)(tu + dd) + O(m?)

mf( f,%

3yt m) T+ 55) + O(m?)
T T

explicit-  spontaneous symmetry breaking
Modified properties of hadrons in dense baryonic matter?
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Kaons

9200

G.Q. Liand C.M. Ko, N.P. A594(1995)460
|- C.H. Lee, P.R. 275(1996)255

W. Weise, N.P. A610(1996)35¢c
700 | J. Schaffner et al., P.L. B334(1994)268

K

500 P e cccee et cssnne e

m’ (MeV)
3
o

+

600

400

300

200

plpy
Dispersion relation in the mean-field approximation:

W2Ki (p.pn) = mi + p° — 2 Ps + 12PN

= (Uk=(p, pn) + 1/ mi + p?)?
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Measu

Heavy ion collisions at SIS18 energies:

e Compression: p=2-3 pg

@ Heating: ~ 100 MeV

@ Pion-baryon ratio: 1:10

@ Strangeness production at threshold — in-medium effects

‘Trivial' in-medium effects: ‘Non-trivial' in-medium effects:

@ Fermi motion @ Partial restoration of chiral symmetry
@ Pauli blocking @ Meson-baryon coupling/resonances
@ Collisional broadening @ Bound states

Expected influence on production and propagation:

@ Production cross section

@ Phase space distribution

&
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Kaon

Anisotropies of the azimuthal emission expressed by a Fourier series:

Z—g x (14 2wy cos(p) + 2vp cos(2p) + ...) ¢ with respect to RP

Directed Flow:  v; = (cosp) = {px/pt)
‘ Phys. Rev. C 90, 025210
> 02t - p ol K K

@ System: : , =
. . LW Y !
Ni-+Ni @ 1.93 AGeV oL ‘ é}rﬁ_\_ﬂ: o + i
@ Centrality: /;‘V‘F?
60 % Ogeo, ‘*» — /=== HSD wiwo |
i.e. bgeo < 7 fm -0.2+ ‘ r ‘I ‘ IQMDwIwo I : ‘
-1 E -0.5 0 41 05 0
Yo) Yo

Assumed potentials @ p=0 and pg (linear density dependence):
HSD & IQMD: Ux+ny =20 &+ 5 MeV  Uk-n = -50 + 5 MeV

HSD(E. Bratkovskaya; W. Cassing): Kaons in-medium described by chiral perturbation theory;
Antikaons: chiral perturbation theory with G-Matrix approach;

IQMD (C.Hartnack): Kaons and Antikaons in-medium described by relativistic mean-field model based
on chiral SU(3) model;
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Kaon

Consider ‘hidden’ dependencies on p; and centrality:

~

>

0.2

0.1}

Peripheral: 3fm < bgeo < 7fm;
Central: bge, < 3fm

Hirschegg 2015

T L B B
- < <-0.5]
1.3 y(o) 0.57

T —_— e HSD w/wo

! 1QMD w/wo

peripheral central
o b b v b v T b b L
0.6 0.2 0.4 0.6 0.8
pT(GeV/c)
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Physik Journal 8 Nr.3

SIS18
SIS 300 (FAIR)

In pion-induced reactions in-medium effects can be studied at
normal nuclear matter density:
Predicted reduction of (gq) ~ 30 %

Our observable: ‘The Momentum Ratio’

@
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Interaction inside nucleus Sketch
Pb

repulsive attractive inelastic scattering

" B g g
— @ —> H H 3
/
~14.3 fm o - b
c
= £ 8 8
- & g
— ¥
~5.5 fm
P 3 o
Mean free path Ratio: (dNIdp)FbI(dNIdp)c
o 77 @ 1.7 GeV/c: A~ 15 fm 2 2 8
= £ 3
o K= (N) @0.1 GeV/c /\
A o+

P P P
E.g. K% K® E.g. K, A

Note: For K~ and A Strong effects from elastic and inelastic
scattering expected!
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Measure

M.L. Benabderrahmane
Phys. Rev. Lett. 102 (2009) 182501

FOPI: 7+A— KO+X @ 1.15 GeV 32 S
(M. Benabderrahmane PRL 102(2009)) ;@‘_ I o oATAmNGER P
ANKE: p+A — Kt+X @ 2.5 GeV ;ﬁ 160 i::::j::"mv;
(M. Bueschner, EPJ, A22, 301(2004)) 3 1 o mtosomen

® 12
@ Without potential the ratio at 10- '.' i
small momenta is not reduced 8 ]!
— (multiple) scattering 6F ,"_, ”
@ K™ feel additionally the :i -‘ﬁ) 1
Coulomb-potential UE./..\.‘..\.‘H\..H\.‘..\m.\.u.\..‘.\.
01 02 03 04 05 06 07 08

p (GeVic)

° Kg measurement favors
UKTN @ p = pg) =20 MeV with and without transport
models!

@
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Measur

Experiment:
7w~ + ¢2C and 208Pb targets

Beam kinetic energy: Eyxin = 1.57 GV = 7~ p /s = 1.96 GeV,
T~ +p— K "+K +n
T +p—¢+n

i.e. above the threshold for
but also

Observable:

‘Momentum Distribution Ratio’ :

= (dN/dp)p/(dN/dp)c

ﬁ Data K* o Data K~
'WORK IN PROGRESS @ FOPI (n" + A@Vs = 1.96 GeV) !‘?' 14 = FOPI (x + A@ 1.7 GeVlc)
rrym ® ANKE (p + A @Vs = 2.46 GeV) ]
o 4 T 12f
T b g
3 12 . 5
T 10 +# B
=, I + > s 8
a o - 3 .
=} E . [
ChS "-:‘4» + +++ +
E, hs + A€ O af
T NS
i A T T T N N ! !
g L %5402 0.3 04 05 08 07 08
p (GeVic) p (GeVic)
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@ Direct measurement of K~ - mesons down to pj,, = 0.1 GeV/c
C: ~ 450 K~ candidates , S/B >5 ;
Pb: ~ 230 K~ candidates , S/B >3;

@ Strong absorption & K~ originating from decays:
Number of primary K~ not clear...

‘ﬁ Data K
WORK IN PROGRESS ® FOPI (" + A@ 1.7 GeVic)

12

c

-
=)

e

B kT SR Y
p (GeVic)

Hirschegg 2015

R(dotdp)_, /(do/dp)
o

HSD —— U, = 0Mev

R((do/dp),, /(dotdp) )

Lol e L
0.2 0.4 0.6 0.8
p (GeV/c)
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e For kaons containing an 3-quark(K*, K°) all measurement
support the existence of U(p, p).

e First measurement of directed (v1) flow done with FOPI.
Results show a much weaker flow signature than anticipated.

o For kaons containing an s-quark (K, K0) measurement are
challenging and transport modeling needs to be refined.

@ Simpler system like created in pion induced reaction can help
understanding of kaon dynamics in medium.
— Possible impact for transport calculations.

Analysis supplemented by another strange particles: Kg, o, A

®
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@ The KN -potential .........ccc..cooiiiiiiiiiii i

@ S325 Kaon PID ..o

@ GEM TPC ..o G AT =D

@ Kaon Flow in S325........cccoiiiiiiiiiiii > KT/~ vy vs yo
...........................................................................
..........................................................................

e Standard flow analysis method ...............c.ooci. [+ Method ]

o Kt flow in central collison, Crochet.......c.....oo.....

@ PID with FOPI.....cooo e aD

@ Reconstructed Kaon Spectra...............ccc.ooo.....

@ The detector .........ccooiiiiiiii e

@ FOPI Phase Hl.........ooooiiiiiiiiiiec

@ The S339 Experiment.........ccooouviiiiiiiiiiieeiiiieeeeiee [ > 5330 ;

@ Last day of FOPI .......ocoooiiiiiiiiii @
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The FOPI Detector: 1991 - 2013
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 The FOPI Detector 2009,

FOPI - Phase Il

Resistive Plate Counters
(TOF; ©,4) Plastic Wall
(TOF; AE; ©,¢)

Plastic Barrel Zero-degree

(TOF; AE: ©,¢) ; Hll““kk\ (TOF; AE; ©,4)

Superconducting (
Solenoid, 0.6 T \| 1 "‘\\\\

- 36’5“\ Helitron (p/q; dE/dx)
Target
Central Drift Chamber (p/g; dEfdx)
&
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PID of kaons:
@ Low p: CDC
— wide acceptance range

— Direct measurement of K~

down to p, = 0.1 GeV/c

e High p: CDC + ToF(BAR+MMRPC)

— high time resolution

(ommrec < 88ps, partially developed in HD)

Ongoing development for the CBM experiment. Talk by C. Simon.
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Recons

Bin by bin mass reconstruction and background evaluation.

C target

7 =+1

044<p, <0.19

0 02 04 06 08 1 12 14 16 18

Meoc
C target
Z=-1

0.10<p_ <0.20

C target
£
k] Z =+1
4
-]
10° p
10?

0.47 < P < 0.54

0 02 0.4 06 08 1 12 14 16 18
m

ToF

C target
St -
St Z=-1
| 040<p <0.50
lab
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FOPIE

FOPI - Phase Il

M. Berger, Miinchen

GEM TPC upgrade for FOPI
o Vertex resolution: ~ 1 mmin X, Y and 7
@ Larger geometrical acceptance for:
K_g and A
@ Improved resolution of secondary
vertices (min factor 10)
@ First standalone TPC to be used for physics
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The S3

o New experiment was performed in August 2011:
T 4+ %2C, 29Cu and 208Pb targets

@ Pion beam intensity: ca.9000/s
@ Beam time: 290 h
@ Acquired statistics:
Target ‘ events
C| 547 x 10°

Cu| 256 x 100
Pb | 558 x 10°

e Beam momentum: 1.7 + 0.03 GeV/c

Beam kinetic energy: Ey;, = 1.57 GeV
=7 p +/s=202Ge,

i.e. above the threshold for 7= +p— KT+ K~ +n
butalso 7~ +p—>¢+n

@
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U(K*N)[MeV] | U(K~N)[MeV]
observable Q@ p=po @ p=po measured by
charged kaons:
K™ yield (cent) model-dep. - FOPI(1997)
K™ sideflow, v; (cent) 20 (HSD) - FOPI(2000)
K* v (per) | 20 (IQMD) - 40 (IQMD) | FoPI(these data)
0 (HSD) - 25 (HSD) FOPI(these data)
K~ /K*-ratio | 30 (RBUU) | - 70(RBUU) | ropizooo)
K™ - ratio heavy/light sys.* 20 (HSD) ANKE(2004)
neutral kaons:
K2- pspectra | 40 (IQMD) - HADES(2010)
K2- yield 0 (IQMD) - FOPI(2004)
K2- inverse slope 20 (IQMD) - FOPI(2004)
K2- ratio heavy/light sys.* 20 (HSD) - FOPI(2009)

* elementary reactions

— Evidence for KN-potential, but no definite conclusion on the

strength possible!

Hirschegg 2015

V.Zinyuk

N 1 -

@

effects with FOPI 25



1412 -1 08-06-04-02 0 0.2 0.4
Y&y

o T b
1412 1 -08-06-04-02 0 02 04

o YEY Yer

S325+5325e KT K~
BAR Pmax 0.55 GeV/C 0.45 GeV/c

S/B ~ 10 ~ 4

Nr. of Kaons 40966 645

RPC Pmax 0.9 GeV/c 0.7 GeV/c

S/B ~ 22 ~ 8

Nr. of Kaons 142027 3150
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Time Projection Chamber

) Drift
GEM Electron drift cathode

Particle tracks
pads g8k
AaEng.

' ' Beam

r (T
T
— Outer field cage 1

E, B field
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Drift length 725 mm
Quter diameter 300 mm Gas, HV, LV Supply

Inner diameter 105 mm

42 Front-end cards

Low material budget

Gas: Ar/CO, (90/10)
(v,=3.3 cm/us at E,=400 V/cm)

Field cage + readout clamped to media flange
=) Removable separately
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Mag= 200X W i G.JESSEEST
EHT = 16.00 kV It =5 Date '3 Sap 2001
Detector= SE1

Fabio Sauli, The Gas Electron Multiplier (GEM), Nucl. Instr. and Meth. A 386 (1997) 531-534
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My

’ -/I,j/} i

LA
Ban
“IJH

« ~400V potential difference — 50kV/cm
« Amplification G_ = several 10° (with 3 GEMS in a

stack)

» Higher extraction field

* lons are collected on upper side

« Electrons are extracted very effective

« lon feedback suppressed by 1/(3Eﬂ

1 = Until now no aging visible (GEM's in Compass
| since 3 years)

| |+ Very uniform spatial resolution (triple GEM's ~

69.6um)
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Kaon

Anisotropies of the azimuthal emission expressed by a Fourier series:

% x (14 2v; cos(p) + 2v» cos(2p) +...) ¢ with respect to RP
Directed Flow: Elliptic Flow: , o
vi = (cosp) = (px/pr) va = (cos2p) = ((ps — py)/P7)
=02l P K K
e, T
0 _#f o T _l_ | —
¥ P41
@ System: - i
Ni+Ni @ 1.93 AGeV 0o o
o Centrality: >
60 % 0 geo, of 4+ B
i.e. bgeo < 7 fm T 4 | ‘F
-0.1+ + F
target mid-rap
4705 o 4 s o a4 s o
y y y

(0)
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Transport calculations*: > 0.2 P 1 K
° HSE_)(E.' Bratkovskaya; W. - B “‘g 4\ Tiry,
Cassing): 0 §E :
Kaons in-medium described by chiral V.
- . Ve 13
perturbation theory; 02 A :
LA |
UK+N(PO,P = 0) = 20 MeV >N
o IQMD (C.Hartnack): OF it
K*/9 in-medium described by T T
relativistic mean-field model based 0.1 j
on chiral SU(3) model; ‘ v
Uk+n(po, p = 0) = 20 MeV 4 s 0 4 w5 o
Yo Yo

Note: FOPI measurements are compatible with the KaoS results(within
errors)

*Transport calculations are filtered for the detector acceptance and centrality selection.
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Kaon

Consider ‘hidden’ dependencies on p; and centrality:

L e L B

— [T

> [ -13< <-05]
L 3 y(O) 05,

0.2 [ T —_— e HSD wiwo

! 1QMD w/wo
01 + ]

of
N

\\\

0.1 NI N
peripheral l central
PRI SN N BRI

Lo b by L]
0O 02 04 06 0 02 04 06 08
pT(GeV/c)

Peripheral: 3fm < bge, < 7fm;
Central: bz, < 3fm

@

Hirschegg 2015 V.Zinyuk@gsi.de | dium effects with FOPI 33




Transport calculations:

@ HSD( E. Bratkovskaya;, W.
Cassing):
Antikaons in-medium described by
chiral perturbation theory with
G-Matrix approach;

Uk-n(po, p = 0) = -50 MeV

@ IQMD (C.Hartnack):
Antikaons in-medium described by
relativistic mean-field model based
on chiral SU(3) model;

UK*N(pOa p = 0) = -45 MeV

Note: FOPI measurements are compatible with the KaoS measurement
(within errors), however no evidence for in-plane emission of K~ -mesons.
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P. Crochet et al./ PLB 486(2000) 6 Ni+Ni @ 1.91 GeV/A
— E
— T T T T T L
>02F — U= - F 00
K" BUU U=20MeV 7] 0.1- / 2000' data
0.1 g
0 05 ...... new HSD
01 ——
-0.1 AW, , s r — . ';new data
_ n AA N £ AT —i—
021 o Kk o= 0'25 N—
03F A Dldata . ‘ - 030 12 <y, <-0.65
0 02 04 06 08 0 02 04 06 08
p, (GeV/c) p, (GeV/e)

e Conclusion: In central collisions the K*-flow pattern is
described by HSD with 20(+ 5) MeV K™ N-potential

@
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{% o (L +2vicos(p) +2vacos(2¢0) + ...) vy = {cosny) n=1,2, .. J

$.Voloshin and Y.Zhang, Z. Phys. C70, 665 (1996)

OFF plane emission

bounce off

Beam impod poramete b Directed flow

i vi = (cos @) = (px/pt) ‘
readion plone [
bounce off m

Elliptic flow

OFF plane emission | v2 = {cos2) = {(p% — p})/pi)

@ Reaction Plane determination: P. Danielewicz and G.
Odyniec, Phys. Lett. 157B, 146 (1985)

e Correction due to the reaction plane: Ollitrault
correction J.Y. Ollitrault, Nucl. Phys. A638, 195C (1998)

@
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