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Partial restoration of

é’ ' = € QCD: vacuum is not empty - qq condensate
Kag)el 8
Y, ™, p-Strahlen < Gell-Mann Oakes Renner relation:
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M. Kotulla et al., Physik Journal 8 (2009) 3

P Heavy-ion collisions: medium + probe

< Agood probe:

» asingle, easily measurable particle
emitted from heavy-ion collision zone.

< Take Kaons :

»  Threshold E,_for NN > NK*A : 1.6 GeV
At a few AGeV usually single kaon emitted
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Changes of Kaon prog

h Approximate description: Potential Effects induced by in-medium potential :
700.0 KN)
' Bl @ As m #m,  _, production threshold changes
< acuum
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~ 5000 g <&  As K, K° escapes the collision zone:
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s 4000 EZL m. N m,_ Iy  Kaon gives energy
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S =
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e Er g 2 € As K-, K° escapes the collision zone:
100.0 - — — - ChPT (no off-shell) i qg'_) )
A e 0 | :E m A m, ) Antikaon takes energy
0.0 1.0 2.0 so | & from E,_ (slows down)
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)
@J Transport models — simple approaches ... or more advanced (eg. Chiral EFT w.CC - HSD)
H hesis: —— | ——p=05p,——————————— S
ypothesis: = — X
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¢ meson: a

m = 1.02 GeV a ct = 50 fm (in vacuum)
= 2.6 GeV Y $ > KK (BR~50%)

beam,threshold

1QMD Simulation
Au+Au, T, ,, = 1.5A GeV

K+ — p— :
< — x 2L t (fm/c)
Emission from hot & dense collision zone
K- Emisson (mainly) outside the hot/dense collision zone
| @ K~ from ¢ decay (decay kinematics) mixes with K~ from collision zone.
I"'s < First attempt to gain some knowledge on ¢ - K*K™: year 2003, 23 ¢ events

A. Mangiarotti et al. (FOPI), NPA 714, 81 (2003)
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FOPI and HADES expe

FOPI (FOur PI) HADES (High-Acceptance / R

Di-Electron Spectrometer)

HADES
Spectrometer for charged particles Adjusted to measure hadrons
Operating in 1990-2012. Operating: currently
CDC: momentum MDC: momentum
Plastic Barrel & MMRPC : Time-of-flight TOF & RPC : Time-of-flight
Magnet

Zero Degree

Plastic Wall

Helitron
Plastic Barrel

FOPI and HADES: Similar acceptance for Kaon measurements
Access to K° via K° — n*n~ (BR =63%)
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First tests: K° e

* 7t meson hits the nucleus : production of kaons at p ~ p, .
possible single-step channels: nwp—>KZ%Z®, 7np—KA® , xn—KZ
1 KO :‘3 R I I Pl N | I I. I | I | ulu.+| I | 1 | §
/ g 20 @ DATA FOPI K'('+A) ] 8
S B - ® DATA ANKE K*(p+A) 1 -~
o> S [\_(FOPI) 1 2
LS \‘ a i —— HSD (U=0 MeV) ] ©
N\° % 15 — . — o
s F \ 1 °
s [ AP 1 7
€ Comparison of two reactions (FOPI, 2009) : o L PN ] o
1o~ I -~ =
T (p=1.15 GeV/c) + 22Pb — K%+ ... I 1 °
T (p=1.15GeV/c) + 2C — K°+ ... o n: -
— L e 0 T ©
- ..... : 5 _ qt_)
Ratio of momentum distributions of kaons: " : ﬁ * ] 2
o A R R B R SR B B
; Di§tribuﬁoq for K° emitted from Pb 00 01 02 03 04 05 06 0.7 08 f
shifted to higher momenta. p,. [GeVic] =
€ Comparison to HSD transport model:
No potential
"""""" U (@) = 10 MeV mp Data in agreement if
----------- U = 20 MeV _
on (@) Uon (0,) = +20 MeV

........... U, (o)= 30MeV
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HADES

In-medium effects of K° frc

Comparing K° and A data to transport models with/without in-medium effects
(Basic production channel: NN = NK°A)

3

1. Multiplicity of K° and A vs centrality : J. Adamczewski—Musch et al. (HADES), PLB 793, 457 (2019)

N X1 0_3|| \ X1 0_3 |

<§0.3_ ------- UrQMD t_@_p_ata 1 0 —HSDfulpot —  @x Dé‘t’é .

S HSD nopot .. | —1QMD full pot™

% ------- IQIVIDno pot 0.6~ 7

2 02 o

0.1
0 | | \ 0 \ | |
100 200 300 100 200 300

A ) Aot

Absolute yield overstated by calculations.

»>  Transport calculations : Large spread in yield between different models.

U, (e, =40 MeV m‘
U, (e,) =40 MeV

HSD No scenario without in-medium potential
reproduces the <A _ > scaling.

o R— ‘
Switching the potential on ...

... improves the description significantly!

K. Piasecki
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HADES

In-medium effects of K° frc

2. Phase space distributions of K° , 10% most central evts

Model curves were
normalized to exp. data Rapidity distribution p, distribution @ midrapidity
(comparison of profiles)

KO L KO

S S

o
o
,PTJ,..

Legend

urQMD - No potential

o dN/dy [1/evt]

o
N
LS T

iQvib No potential

HSD ——— No potential 0.01

iQMb ———— (e,) = 40 MeV

KON

—_
‘ N

HSD U, (e) =40 MeV

I\AII
II\-)IIII(‘TJII -h

A
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Model / Data
o o
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o
| ™

oL

o

o_

04

o

=

with the in-medium effects.

Again, best description ‘Il" . y

J. Adamczewski—Musch et al. (HADES), PLB 793, 457 (2019)
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HADES

In-medium effects of K° fror

2. Phase space distributions of A , 10% most central evts

Model curves were
normalized to exp. data Rapidity distribution p, distribution @ midrapidity
(comparison of profiles) —
3 o1 A | 001 A
Legend = I R I
5 0.08¢ -
Z | ‘ -
urQMD No potential © 0.061- o . )
. e | 1. | ooos- [ ¢®®
iQvib No potential i > i
0.041 i
HSD ——— No potential I i
)avD U, (o) =40 MeV 0-027]
o 1.2 2.50
HSD U, (e) =40 MeV © Fc -
Q t 2
© 0.8 3
» Inclusion of in-medium -8 ' e 0 T e FEY
effects for K° does not s o6t , . . . S RO i ..
Yo p, MeVic]
» UrQMD describes the
profile best. J. Adamczewski—Musch et al. (HADES), PLB 793, 457 (2019)
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K+ emitted from Ni+Ni

E

N(K)) / N(K*)

0.04

0.02

0.04f

0.02

0.04

0.02

Ratio of K- over K* from Ni+Ni @ 1.9A GeV, centrality 56%

-(a)T -0.95 < cos B, <-0.80

B

@ This work
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| L | |
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| L |

- (b)
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¢

QQQ

- (d)

tX;
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¢
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K. Piasecki
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d) New data (full dots)
»> wide phase space coverage

»> more statistics

KP et al. (FOPI), PRC 99, 014904 (2019)

... To be compared with
Transport models

&

P But ... what about ¢ mesons?

o - KK (BR~50%)

For AI+Al @ 1.9A GeV see. :
P. Gasik et al (FOPI), EPJ A 52, 177 (2016)
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Contribution of ¢ de

@ ¢ mesons from AA collisions @ 1.9A GeV

Measured in K*K™ decay channel (BR = 50%)
in 3 systems. Small samples (~150 events).

Result: ¢/K-=0.36 + 0.05

( In agreement with HADES data for Ar+KCl @ 1.76A GeV,
G. Agakishiev et al., PRC 80 (2009) 025209

Even higher ¢/K" ratio found by HADES for Au+Au @ 1.2A GeV,
J. Adamczewski-Musch et al., PLB 778, 403 (2018) )

Since BR (¢ — K*K") = 50%,

> About 18% of K™~ originates from

decays of ¢ mesons,
(different kinematics than for “direct”)

Energy spectra of ¢ mesons
Reconstructed and fitted in 2 cases.

L K- from ¢ decays: “colder” than
these emitted directly from collision zone.

We can subtract contribution from K~ spectra,
e and obtain the K-/K* ratio built by particles

without the ¢ decay contribution

[arb. units]

O/K

AN, (arb. units]

100 —

0.6

0.4

0.2

KP et al., PRC 91, 054904 (2015)

1 105 11 115
M., [GeV/c?]
- 0.36 £ 0.05
~ {{ _________________ -
:| 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
0 20 40 60 80 100

<Apan>b

T =108 + 18 + 16 MeV|

- 95°< 9., < 150°

0.2 0.3 o.4 0.5 0.e
E,,. [GeV]

KP et al., PRC 94, 014901 (2016)

K. Piasecki 18" Intl Conf. On Strangeness in Quark |

11




Phase space distributio

@ Ratio of K"/ K* (K~ without ¢ contribution) from

N(K) / N(K*)

0.04

0.02

0.04

0.02

(9)
0.04

-0.95 < cos 9, <-0.80

e This work

.'I'jll

- (h)
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RN
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| L |

(i)  -0.65 < cos 9, <-0.50

- ()

-0.50 < cos 9, <-0.35

0.02

SRR j e ¢,
[ (k)  -0.35<cos 9, <-0.20 [ (I) -0.20 < cos 9, <-0.05
¢
R Y i i "
44 | g & I
| . | . | | | . |
0.1 0.2 03 0.1 02 03
Ekin (GeV)
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Ni+Ni @ 1.9A GeV, centrality 56%

@ K Total = K Direct + K From ¢
> K Direct = K Total K From ¢
mmp  Energy dependence still drops.

— perhaps the K- modifications
still non-negligible

... to be compared with
Transport Models,

in case if ¢ emission
not well reproduced.

&

However, A(1520) - pK-
could be another player,
(never measured @ T, <10A GeV)

I

See Dominika Wdjcik’s Poster
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Modifications of kaon properties in medium are the result of partial restoration of chiral symmetry.
Frequent parametrization: extra kaon-nucleus potential as function of density.

First tests: K°, emitted from A : U, (o) = +20 MeV.

Recent analyses:

» Caseof K° (and A) from Au+Au @ 1.23A GeV (HADES)
€ Data: Yields against centrality, Pt-y spectra in wide acceptance.
€  Models: UrQMD (no in-medium), HSD & IQMD (no in-medium or U (0,) = 40 MeV)
@ Results: Yields of K° and A : clear preference for in-medium scenario
K° (p, and rapidity profiles) : clear preference for in-medium scenario
A (p, and rapidity profiles) : clear preference for UrQMD,
for HSD, IQMD bad prediction in either scenario
»> Case of K and K* from Ni+Ni @ 1.9A GeV (FOPI)
% Data: Ratio of K7/K* yields scanned across phase space ( E iy VS COS O )
¢ : yields and ¢/K" ratio against centrality, £, spectrum
Ratio of K7/K* with ¢ contribution removed
%  Ready to be compared to transport models
@  Possible new side feeding to K-: A(1520) . See Dominika Wajcik’s Poster!
OUTLOOK EHhank>
New data on Ag+Ag @ 1.58A GeV taken by HADES in march this year — stay tuned! C?m’/

K. Piasecki
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Backup slides
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Relativistic heav

&~ 1QMD simulation of Au+Au collision at T, = 1.5A GeV

[+

YL L

|
0 10 20

=5
=
UO
wv
2
e 28
2
0w
.‘ gco
S0o¢Q
SED
> 23
T [fm/c] Joan

4 fm/c: onset of A (1232) production

8 fm/c: max. nucleon density (2-3 x p_)
10 fm/c: max. density of A

12 fm/c: max. density of &t

(1fm/c=3.3-10%3%)

20-30 fm/c: m multiplicity - saturates
A multiplicity - drops to 0

[ T I T T T T T T T T I
A EOS 95
_ S 120 - A FOPI ST
8 \ 2 T T &
& @ i g
o o |
=3 c o 801 TT
[ IS [1h] = %
3 O 4 -
~n -
Qg + 40 -
c
£ 3 %
gg '
Ui Og [ | R R |
. -1 (0]
time (fm/ 0 o
ime (fm/c) beam energy (A GeV)

W. Reisdorf et al., NPA 848, 366 (2010)
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ChPT Lagrangian

C. Fuchs / Progress in Particle and Nuclear Physics 56 (2006) 1-103 7

on this framework has been used by many other authors [8,12,29-38]. The corresponding
chiral SU(3); x SU(3)g Lagrangian used by Kaplan and Nelson reads

1 1 _
L= zszrE»‘“EBMZ"' + Esz[Tqu(E — 1) +h.c] + TrB(iy"d, — mp)B

+iTr By*[V,, Bl + DTt By*y3{A,, B) + FTr By*y3[A,, B]
+a1Tr B(§ My€ +h.c)B + axTr BB(EM4& +h.c.)

+a3[Tr M, X +h.c.]Tr BB. (D
The degrees of freedom in the Lagrangian (1) are the baryon octet B
A4 X0 N
=t 7= P
V6 V2 50
A
B = r~ === n (2
6 V2
== =0 _2
- - V6
with a degenerate mass m g, and the pseudoscalar meson octet ¢
0
18 T + +
=S4+ n K
6 V2 .
p=v2| o~ B_T_ go (3)
6 V2 5
K~ I'd ——ng
7"

entering into the chiral pseudoscalar meson fields
§ = VX =exp(i/fr)- @

The pseudoscalar meson decay constants are equal in the SU(3)y limit and given by
the weak pion decay constant f; =~ 93 MeV. The current quark mass matrix which is
responsible for explicit chiral symmetry breaking is given by

Y =exp2ig/fx) and

mg 0 0
My=10 mg O (5

0 0 mg

18" Intl Conf. On Strangeness in Quark Matter
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RMF Lagrangian

2. The RMF model

1t has been demonstrated by many studies that the RMF model gives a good description
of nuclear matter in bulk as well as of properties of nuclei [27,28]. We start from the
Lagrangian

L=Fy(iy* 3, — my)¥y + L3t 0d,0 — U(o)
—-1G* Gy, + mLV*V, — 1B B,, + M R“R,

— 8NP NINT — GuNINY*UNY, — 8N NV TENR,, (n

where the nucleons interact via an attractive scalar (o) and repulsive vector (V#, R*)
meson fields. The term U(eo) stands for the scalar self-interaction

Ulo) = %m:",ol—-goj-i-ga“ (2)

The imp]eﬁ‘lentation of A hyperons proceeds through the additional Lagrangian

La=Y4(i¥*dy — M) Vs ~ 85A¥ AP 4T — 8ua¥ VW4V, (4)

3.1. One-boson-exchange approach

In the kaon sector, we start from the following Lagrangian [13]:
Lxn = D;I'(D"K - mﬁ(f{K — goxmxKKo — gsxmgKTKS (15)
with the covariant derivative

D, =0, +igukVu +igkTR,. (16)
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K° and A production from £

x*/ndf between data and model prediction

Model KN potential K? A !
Dt y Mult Dt y Mult
UrQMD no 105 4.1 1619 2.3 36 3020 16
HSD yes 7.0 2.7 670 39 6.3 626 6.3
IQMD yes 6.0 2.0 99 38 12 214 0.3

K. Piasecki 18" Intl Conf. On Strangeness in Quark Matter SQI



K* K- 0
Production BB - BYK* BB - BBK*K- BB - BB¢
rima
(p ry) Topsonks = 1.58 GeV | T, ., =25GeV | T . .. =26GeV
(secondary) BY - NKA pB - Bo
BY - BBK- N* - No
nB - BK*K- pT - O
D = WIS KK ¢
negligible
Absorption | K*Y - =B KB - nY ON - KA
Elastic scat. | K*B «» K*B KB «— KB oN - oN
(char. exch.) Kn <> KO p K-p <> Kon

K. Piasecki 18t Intl Conf. On S

Bl=p, n N, N, A
Y]=A S

Yields from N1+ Ni1(1.93 GeV)

B+B 3.5x 1074
n+B 29x107*
0+B 8.9 x 1074
T+ p 1.6 x 10~*
i+ N(1520) 0.5x 1074
Total yield 1.7x 1073

H.W. Barz et al. (BUU) ,
Nucl. Phys. A 705 (2002) 223

7

E
< 3+ -
g K~
e /
I~ s P
/
ey S | !
200 400 600 800
P . [MeV/c)

LAB
C.B. Dover, G.E. Walker
Phys. Rep. 89 (1982) 1
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Sito=zlgle) rlazif=inrasrold Procieiion of (&

* in medium: mainly strangeness exchange: Au+Au @ 1.5A GeV (IQMD transport code)
[ T T T T T T T T ] O 025 T T T T T T T
BY — NNK-, =Y - KB © 40k \‘ —-NC>ar e N
o | A I LS 0.020 |- — from Y
. x — _ -
o strong reabsorption: KB — ntY +— 30} L i - =« » from 1B
\_-i \ | 3= 0015+ - — - from BB
\e—DBB ->B3KK | =Z -
o coupled to resonances Z(1385), A(1405) %5 20 : S B
n+Y » 2 5 K+B 10 0.005
/\* L
0.0 L& 0.000
Q: Can we see them? 0 18 20 30 40 0 10 20 30 40
t (fm/c) t (fm/c)
T T T T T T T i ! | ! | ! | J _
last coll.
B final 7] —_—————
i 100_’>’T final ~(_ T —
100 - ,_._--T—-R}—“_I
2 e '
= - -7 = initial surviving
— el initial last coll. | " ol il —
Au+Au 1.5 AGeV I GEFaR e d
K+ o KaoS data K~ ® KaoS data
0 1 | 1 | 1 | 1 0 1 ] ] ] ] ] ]
0 100 200 300 0 100 200 300
part part

C. Hartnack et al. Phys. Rep. 510, 119 (2012)
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ObsernvablerRatio o

First findings: FOPI, KaoS @ SIS18 accelerator, GSI Darmstadt

Ru+Ru 1.69 AGeV

Ni+Ni 1.93 AGeV

x, 0.0 T e
G UK. UK (MeV) @ | T ¢ data |
e, =="coulomb
0.04F— %, o ™ RBUUT + 1
002k + * *;'h; ----- °.-._..' 1 . |

0 L 1 L 1 L l L l L l L l L l L 1
0 01 02 03 040 01 02 03 04

g

- 150° < 0, < 165° Eom (GeV)

K. Wisniewski et al., Eur. Phys. J. A 9, 515 (2000)

I3

&

K. Piasecki
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K+
lo

Effect itself appears to be confirmed...

0.04

0.02

[ «C izt 2rargy suacir

C+C, 1.8AGeV

-------. bare masses
—— in-medium

RBUU

... but probed within very narrow slice of phase space
Statistics too limited for providing uncertainties of extracted U,

F. Laue et al., Eur. Phys. J. A9, 397 (2000)
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(G 2 oarlmant Vs irss g ort

Al+Al @ 1.93A GeV, 9% most central events

* K*: U, repulsive T -
. Q : / [
K-: U, ~attractive A5F (P. Gasik) {
. af '
K=/K* : promising observable Yacl
L. W
e |QMD transport code R
p 5_"- ______ : 5"»._ B
® mi(p) = mialpo) - (140 T
° at p=p, i3 -
Am|<+ = 40 MeV, AmK- = -100 MeV 0.5;— 136° < 0O, < 150° _ prellmlnary
0 S R 1 R P! T P (R ol | | B ; ; | | | | |
0.05 0.1 015 0.2 0.6 04 02
E" (GeV) v
e HSD transport code 5
o KtasiniQmvp HSD, U, =40 MeV, K- Not Modified
D [ IQMD, NO Pot. _
o K- : off-shell G-matrix approach — HSD, U,,=40 MeV, U, = G-Matrix
----- HSD , NO Pot.

——  1QMD, U_,=40 MeV, U, =-100 MeV

® Clear preference for U, # 0 option
=) e "U,, only” scenario : insufficient
e |QMD: potentials used probably too strong
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In-medium effects of K° frc

@ Transverse momentum distributions of K"s

x 107 o I I
-0.07<y__ <0.07 0.07<y__ <0.20 0.20<y__ <033 | = . _
30 fan L 1 15 »>  Densities reached: 2 p
:‘ ’,‘ = With pOt . Y —
ool i o WP 5
- AR + 3 - 5 1o
£ 2 e : (‘:}A 3
_/‘ + N i 1o » K%Y ct= 27cm
10 / [ \ N S
A A @) 0
ol e L H,llh_ o &‘bm > Kl ¢ct=153m
0.33<y__ <0.47 200 400 600 800
30l . | 047<y,,, <060 p. IMevic) g
o
20 |- 4 i T
# A&h s, % R @
10 f /‘Agh““ 1 HADIES £ | » 1QMD transport calc. :
~
A ®
0 M—t—» | | | { T a— (@) N 3
0 200 400 600 800 200 400 600 800 ; No potential
P, [MeV/c] P, [Mevfey = U, (Qo) = 46 MeV

&

(1)

Non-linear dependency of U, (p)?

(2)

K. Piasecki
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Obtained U, (p,) for Ar+KCl seems to be stronger than in case of U, (p ) for A — K+

Momentum-dependent potential?
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7N\

K° emitted from nucle

HADES
K° mesons from p (T, = 3.5 GeV) + Nb . Phase space distributions (p_— y):
§ 2‘ - § 2_ § NN . e .
> - 85<yl <065 > > 15 o 05V, <03 N no modifications
g §, é - _ 0
Py ~ ~ 1_ [ - -
3 3 5 TAN U (ChPT)
g g st N
8 8 8 ot OO =
1500 % 500 1000 %
p. [MeV/c] p. [MeV/c] P, [MeV/c] a __
t ! <<
— — _ £§
S <-0.05 S 0.05 <y™ <0.15 S < o
= = B S E 3
= = = o X
2 el el 23
g g g 28
© © © CDO
© J © © <y
1000 1000 oo
P, [MeV/c] P, [MeV/c] P, [MeV/c]
@ Comparison to GiBUU transport model. The ChPT potential was used; for first time U = f(p)
£l U[Mex’] " 20,
a s
; ) : ’ Preference for
o ° ° ) . ] ”“
i ChPT scenario
5 ° L . ¢ . : . ’ ’ :
%7 2z 3 4« 5 6 7 & 9 10
Parameter set
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=ifggt of ¢ cgezys o 1 sloges
150  — Ar+KCl (Hades)
Ni+Ni- (Fopi) Previously:
Al+Al (Fopi)
';’ 100 | < Difference of K*,K- slopes
D) <1 | At explained by U, potentials
M S0 R Present studies:
- About 50% can be explained
by § —» K'K™ decays
O ]

0 50 100 150
T(K") [MeV]
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Obsenvablesazmutal

Azimuthal angle distribution wrt Reaction Plane
After (p, —

¢

elliptic flow v,
OFF plane emission

directed flow vV,

hounce off
S

mpact parameter b

reacfion plane

hounce off

OFF plane emission

y), ¢ is a 3" phase space dimension.

ANGIEN IS

Uiion (PFlow”)

<» dN/d¢ have oscillatory character, e.g. for p* :

om (arb.units)

(0)

d*Nido'dy

Iy  Azimuthal distribution is decomposed into Fourier series:

dN

2A 4A 6A 8A GeV
\w/‘l\ _.f"v 0.9<yPem<0.7
\\.L/\\w 0 [P 0.7<yom<0.6
""\\_/""-A_\' O o Sy '0'5<5‘[0)°m<“0-3
w e, S -0‘3<y[°)=m<-0‘1
p>08GeVic
I - 11 | 1 1 | 11 |
-900 80 -S00S90 -S00S0 -S00S90
¢' (DEG)

C.Pinkenburg et al., PRL 83,1295 (1999)

— ~1+2v,cosd +2v,cos(2¢) +.

d¢

V.,V

47 Yoy wet

= Coefficients of Fourier expansion ( “flow coefficients”)

h Mass change effect. wrt. flow of matter (usually protons), K- should flow more like protons do

K. Piasecki

18" Intl Conf. On Strangeness in Quark Ma

K* should flow more against.
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ObsenvableazmutaliEangiexiStiglsntLINisE)

8  First findings: FOPI & KaoS

[d KaoS analysis:

Fit to dN/d¢ (K*)
for 2 systems at 1 — 2A GeV

K+N

TN Preference for U
No information on U,

1 Fori analysis:

v, (K*) as function of p_
for 2 systems at 1.5 — 2A GeV

D> Preference for U,,, ~ 20 MeV
No information on U,

neEy  Fragmentary insight, coarse results

0.15

1/N, dN/dg
(@]

0.05

- AutAu @ 1.0A GeV

| 0.2<y0<0.2 EAOLY
e o0 +s0
¢ (deg)

Ru+Ru @ 1.7A GeV

L, _ e
o02F* ““ 1.2<y0<-0.6_
-0.3F semi—cent‘raﬂ“‘ -
0 0.2 04 06 0.8
p, (GeV/c)

18" Intl Conf. On Strangeness in Quark Matte

K. Piasecki

Y. Shin et al., Phys.Rev.Lett 81, 1576 (1998)

P. Crochet et al., Phys. Lett. B 486 (2000) 6
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L

@

Jgp=elltinn o5 prloclifiezitions vizl Flovs clrrarnt szt

(:é_" Flow of K* and K- emitted from Ni+Ni @ 1.9A GeV

Centrality 56%
> 02f *K" <
' - U, = +20 MeV 3
0._ ;’/_r-—_.}_ ________ - _.: IQMD U, = -45 MeV g
| --- 0 MeV S
+ ;
(T wm/m e HSD wiwo | o
027 ==/=- IGMDwWo [ | i =
-1 -0.5 0 -1 -0.5 0 Ui\ = 20 MeV £
y y — ®
o o U, =-50MeV 3
R — HSD KN € ©
> : + 1) 1.3 05 =
[ | K™ 1 P =Yg =T £
0.2} @ " === HSD wiwo _ D 0 MeV :

1QMD w/wo

v, . Rather weak U,,, potential.
ml Preference for U, ,, ~ —25..50 MeV

Semiperipheral "

1 Central
1 L

R S |, 13 I T ] T T
0 02 04 06 0 2 0.4 0.6 0.8
pT(GeV/c)
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Helelllailogl i t(Clos 1 AN Primzry or sscordary?

If primary:

O 2.5 T T T [ T T T | T T T ] T T T [ T T T |

K [
ForpA—>KX: MUL, = g—— = -
P inelastic const ol %K', KaoS, 1.5 AGeV (scaled to 1.93 AGeV)

S
(o]
AA— KX: Glauber: AA=A® NA s | e K FOPI —4— 5
| AN
AA A g 151 mAFOPL | — ¢ z
= MULY = 4 x MUL?" o« 4 X I 5
> 1 %
e |
_ 0.5/ Ni+Ni, 1.9A GeV & E
'KaoS _ i ¥ 15
10 ¥=1.32:0.06 S e e e
E K, 15AGeV I S 0 20 40 60 80 100 5
=1.44+0.08 g Apart o
10° L o —» K°:secondary processes involved =
E K, 1.0 AGeV "
< [ 1=1.60+0.10 iz
S 10°] 4 5
= L c K*® near-threshold production processes:
- 5
107 ?/?m/ ‘ ® Nieam ¥ Ngerr Niarge NS Fermi motion
| K, 1.5 AGeV, x 107 i
i <
ol C+C Ni+Ni AutAu e predominantly via AN, AA —» K*°YB
10" L e - N, A — KoY
2 Y =[AZ]
10 A 10 * U, involved (increases K mass - lower yields)

== secondary processes are involved
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Search for in-medium

* K*, K- and ¢ emitted from Ar + KCl @ 1.76A GeV: phase space distributions % \
HADES
' ' ] A2 b
2 109 K* K- | 10 ]
Q k 1 | [
2 " x 107 \&E\D{j\ |
= 10°[ ?‘\A\n\mﬁw ] | -
S %
— X I x10%]
= »x10° \ 103 = <~
= 10‘7\“0‘"? x10° 1 . 3
= x10° - s
N e e DO B
E x10% é S
L E B B =~ =
£ [004cy=<02 4= 04<y< 0.5 Oo0d<y<02 &5 04<y <05 10-14_, 0 0.20< v <0.60 . e 8
_ 2 2 : _11L A D2<y=<03 4 05<y<0.8 . A D2<y =03 # 05<y <06 | r . y . - [eTs}
mT_\/.pT + m Z 10 oo.a<y<o|.4 oo.e-:y|<o.7 [ o 03<y<ol.4 oo.equ-:o.? i : | | ] ;E
0 200 400 100 200 0 200 400
mgemy [MeV/c?] mem, [M eVIcz]
% Boltzmann Fit to phase space distributions
9 inverse slope (“temperature”) Particle Multiplicity/LVL1 Test
, ||||’ K- 7141.5+03+0.1)- 10" 69+2+4
1 d°N _ el o _(mT_mo) chy K+ (2.8+0.240.1+0.1)-102 89+ 1+2
m? dmpdy Y) €Xp T & (2.6 +0.7 4 0.1199) . 10-* 84+ 8

IIIIQ Inverse slope for K* is higher than that for K.

(< ratio of kinetic energy distributions of K~ to K* drops with energy) :
. conclusion similar to KaoS & FOPI @ 2000.

Q: Is it due to in-medium effects or ¢ - K™ feeddown?

K. Piasecki 18" Intl Conf. On Strangeness in Quark Matte 29



Assumptions: Direct K-
K- from ¢ decays irec

1. Observed K~ originate from two sources:

—  derectly from collision zone ( "direct”’)
—  feeddown from ¢ meson decays, $ - K* K~ (BR ~ 50%) A

in a proportion as measured experimentally.

Total K~
2. "Direct” K have the same “temperature” as K*.
3. ¢ mesons are emitted with “temperature” as measured.
Next, ¢ decay into K* and K~ (PLUTO simulation) .
4. We combine K™ distributions from both sources —and check the “temperature” of total.
. | | I Result: T (K, total) = 74 MeV
< : — K cocktail : s
2 '-.“.‘. = 5 . = .
o 104_—\\ - —Kfrom¢ | ©§ experimental T(K) : o 69+2 44
S 2 ) 84 +8
I (7p]
i -
- - m> ¢ admixture strongly "cools down” the K™ spectrum.
\ ™ S . . .
10°L svmulacia > 0 It contljlbu'ges to generating a drop. of ratio of
- SY J| P | ] = K=/K* kinetic energy distribution with energy.
0 0.1 0.2 . . .
m-m, [GeVIc?] We cannot reject that ¢ (qnd not in-medium)
Could be the only responsible for K7/K* \ E_ ...

K. Piasecki 18" Intl Conf. On Strangeness in 30



o A+AI@ 1.9AGeV (FOPI)

Experiment :

Particle T

eff

82+ 7+£11
109+ 2+ 9
93+14+16

- ¢ contribution to K- :

&

10

dN/dE,,, ., [GeV-]

(02

Z-39tiree mrodal of 4 2rmission

E = K inclusive spectrum
m— = Direct K
ZL‘ ---------- === Spectrum of K~ from 0 K'K'
i
10-6 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1% 1 I
0 0.1 0.2 0.3 0.4 0.5 nAR
Ekin, CM [GeV]
T (K- from ¢) = 58 MeV

indication that 7, . @ ~10 MeV above T.

T (K- direct) =92 +£ 16 MeV

inclusive

K. Piasecki

18" Intl Conf. On Strangeness in Quark Matter

P. Gasik, Ph. D. (IFD UW), draft in preparation
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o Ni+Ni @ 1.9A GeV (FOPI, KaoS)

Experiment :

Particle T

eff

84 + 4
108 + 5
106+ 18+ 16

¢ contribution to K- :

2-39tiree mroczl of & ernissior)

e
150 + © 1 source

v 2 sources: K from ¢ decays
o 2 sources: direct K-

-

: IS
- % e v |
50 |
e KaoS, K*
= KaoS, K
0 _ | . | . | . . . | . '.
0.2 0.4 0.6 0.8
ylab

indication that T o

K. Piasecki

18" Intl Conf. On Strangeness in Quark Matter ¢

@ ~10 MeV above T.

inclusive

KP et al., Phys. Rev. C 91, 054904 (2015)
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o viald = BUU graclictiorns

e BUU calculations for Ni+Ni @ 1.93A GeV, 9% most central collisions

e ¢ production channels:

BB — ¢, B={N, A}
wB — ¢, pu={r, p}
mw — ¢

KK-— ¢ negligible

< 0.0015- Buu
9

&

S 0.001

o eksperymenty

a°> 0.0005- 'q_l _______________

Yields from Ni+Ni(1.93 GeV)

B+B 3.5x 1077
n+B 29x 1074
p+B 8.9 x 1074
T+ 1.6 x 10~*
7+ N(1520) 0.5x 1074
Total yield 1.7 x 1073

H.W. Barz et al. (BUU) ,
Nucl. Phys. A 705 (2002) 223

BUU:

¢ yield overestimated

K. Piasecki 18" Intl Conf. On Strangeness in Quark Matter
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rac to

1
i Pq) / Py
0 8__ ® ct = 50 fm
T Ni+Ni 52%
- : L KYK- ~ 500
0.6 p4n (Fop) — \jiani 23% Y = I {ER= 20
_ (Fopi) (Fopi)
oa | 1
: i e L ~15.20% K
0.2 Ar+KCl K 3 originates from ¢ decays
[, (Hades) .,
20 40 60 80
<Apan>
1.6 ——————————r .
e  UrQMD model o (HADES preliminary o . yrQMD, Au+Au 2
. . i central, |y|<0.5 g
Resonance states in medium: o
. 19| © Data | 0
6 . . ; N _) N + (I) . ¢ production threshold s
NG | in elementary p+p X
—_— ' Ca+Ca (4]
'1; St . : £ E, =176 AGeV | o =
3 . E ) X 08 preliminary 4 5
= I L < )
§ 3- 7-; CD
| = HADES =
& o . . 0.4 FOPI 1 =
--% I i ~4 - 10% per event IE E917 + NA49 %
< 1t E - <
° ! : 1?.9* ______ 2 ........................... =
0 | LU N e 0.0 =—— 7
1.0 15 2.0 25 2 10 100 ™
M [GeV] Vs, [GeV] -

K. Piasecki 18" Intl Conf. On Strangeness in Quark Matter



¢/K- within the statistica

T T T T T TTTTT T TTTTT
10 § ANKE e+ Rc=12fm i
—=R:=22fm
-= R.=3.2fm
'z I — RC - 4-2 -I-_m ]
~ \ .
< \ "\
05F - -
\ HARES
FOPI @ | '
C N Tt |
\ N
wﬂ-—n_-‘:hi:q;f_.-__
00— IEETIT BN AR R 111 B S AN R AT
10 100
Vs (GeV)
J. Cleymans et al. PLB 603, 146 (2004) G. Agakishiev et al., PRC 80, 025209 (2009)

K. Piasecki 18" Intl Conf. On Strangeness in Quark Matter SOM 201¢



=melrzitior) furiction of 4 irve

(D
2

450 T T L LA | T T T LI SR R L |
[ A E917 —
[ W NA49 ©
400 ¢ NASO 7] S
F <= CERES (K*K") . S
[ ® STAR $] | N
350 - O PHENIX 7 o
- 1 o
I 1 <
< 300 - £l ] =S
> - . o
= . ¥ ! :Ew.
> 250 | N ~
r } Ei ] I ] 20
200 [ s : T 3
[ ] Yol
150 |- Central - =44
C 1 Ni+Ni A+A oo
100—#}""" s el
Al+Al 10 10

Ar+KCl sy, [GeV]

K. Piasecki 18" Intl Conf. On Strangeness in Quark Matter SOM 2019,

Phys. Rev. C 69, 054901 (2004)

B. Back et al. (E917),



@ AI+AIl : 8 independent ratios involving
p’ d’ Tc_, K+’ K_, KOS, ¢7 K*O, Z*i, /\

@ Ni+Ni : 8 independent ratios involving
p, d, n*,n, K", K, K°, ¢, A

Statistical Model
— Grand Canonical ensemble;
— For S#0, Canonical ensemble

— calc: THERMUS code
S.Wheaton, J.Cleymans , hep-ph/0407175

e

SM fitting quite well

UrQMD v 2.3

— No equilibration assumed
— Cascade model — no mean field
— no in-medium effects

— J. Phys. G: Nucl. Part. Phys. 25 (1999) 1859

™ UrQMD fits quite well too

Pelriicla vislels vs Siteltisticzal Mocdel ane UrQMD

L3 ARAL =505
=L T =72+3MeV
; -8 g = 738 + 10 MeV
10" — I ¥
| + T
10k 4 5
3 FOPI/KAOS pre/im_
10 | | | | | - |
d p K A K° o K
P T AMD A 0 K K K
1o —— NN g
- 0
B Q
107 = ‘
E A —t— l V
107 = x3lv =791/6 ;
- T = 68.5+11.8 MeV —
- n =758 £10 MeV FOPI/ KAOS
10-3 il | | | 4
d n* i K* K K+K® A ¢
P P T T+ K* A T K

K. Piasecki

18" Intl Conf. On Strangeness in Quark |
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A\(1520) baryon: anc

ﬂ. A(1520) : BR (A — pK™) =22.5%.
Emission of this particle at T, < 10A GeV never observed!

< Thermal model:  estimation of yield
For Ni+Ni @ 1.9A GeV (THERMUS code, canonical ensemble for strangeness production),
Step 1: Fit of thermal parameters (7, u;) to the experimental data.

10% =
10 = )
- S
1 o
= * —+— =
i
ol X =73/4 23
= T =761 +05 MeV — o
JF M, =821 £1 MeV — 29
10 = Rc =21 +0.1 fm * — n_%t)
C | | | | <o
ot 0 0 0] K A K*
<Apart> = K ;{K R- K-i- T T

< Step 2: estimation of A(1520) yield compared to K~ :

. . ] Contribution of
‘ P(A) — 046 gy P(A'—K) — 10% mp A*tok seems to be
P(K) P(K’) non-negligible...

K. Piasecki 18" Intl Conf. On Strangeness in Quark Matte 38



Strange meson v
excitation functions
near threshold

102
- ) “0
S - A K™
. . g : LHC
g 10 =
= :
4 central A+A :
107 &
- " 10 L
" FOPI $ o
10-5:_ | i | L | | L | 10 E_ .E.......I L PRSI | N MR | L L waaaal
1 Vs, 10 102 1 10 10° 10° 10
\/Sy, [GeV] VSnn [GeV]
C. Alt et al. (NA49), Phys. Rev. C 78, 044907 (2008) G. Agakishiev et al., Eur. Phys. J. A (2013) 49: 34

B. Back et al. (E917), Phys. Rev. C 69, 054901 (2004)

K. Piasecki 18" Intl Conf. On Strangeness in Quark Matter



~ 1 { / ( . ; ~ ) u -~ 4 )\ ma ' . o
GIUmMIAINEPOLERUA NN ESTN;
® KN interaction is strongly attractive !
A(1405) is (K'p) bound state.
U;ucl URnucI Ulgucl
0 —— 0 0 —2 s
-50 -50 ol
S+ sl S+m
. Ey =-108 MeV
A+TT A+T AT =20 MeV
-200 200 200
-300 =300 -300
-400 400 | -400
Y. Akaishi, T.Yamazaki, PRC 65, 044005 (2002)
T.Yamazaki and Y. Akaishi, = PLB 535, 70 (2002)
K-—p - A(1405)
but:
A(1405) — S+ K pp—A+p  ppnK —A+d
2 - p—|—1'ro , N+t
/

Ny

Not seen in FOPI.

K. Piasecki 18t Intl C

: P aka
STEYE

or «zlorllc el

rms distance

Consequence of strong attraction:
Shrinking!

A.Dote et al., PRC70,044313(2004)
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21 Czlonle Clustars

FINUDA @ Da®ne: Ap ! invariant mass (M. Reithner, HK 12.3)
o2y 20 __?Q’D[M?;{)] =L g25000 I E»] 0000 -
-150 100 50 o S 20000+ Ap Al+Al g Ap Ni+Ni
A o S 8000} P
— 2 —15000 | -
: Ay 3 10000 3 °00or
o | @ = o)
3 1f ( = = 40001
‘éwz_ 03 25 T 5000 2000
o 0 ittt R
[ S/B =0.015 + 0.005 500 S/B = 0.022 £ 0.006
%: R P N e B = e 600 SIGNIF =5 +1.4 400 - SIGNIF=5.4+1.4
i 25 22 2% 23 2% 24 o4 25 MEAN = 2.121 + 0.01 MeV/c3 | A 2
p-A invariant mass [GeV/c'] 400 2 300 MEAN -2.14i0.01 MeV/c
c=25+5MeVic 200 | ‘|‘ o= 25 + 8 MeV/c2
+ - +1/- 299 | I|||'|' + 'I' 14 1007 J[ td
e'e > ® > K'K 0 I |H+H+++++ ey 0 HJfH +++++H++++
- - -200 -100 -
+ + + 0D + S PR erere PR AT ST N T beves
K A_)(ppK) X—A P X 212223242526272829

21 22 23 242526272829

2
M (GeVI/c") M (GeV/c?)

M. Agnello et al., PRL 94, 212303 (2005)

Excess observed in Ni+Ni and Al+Al with statistical significance of ~ 5.
Yield located in spectator/fireball interface region (like non-strange clusters).
Peak position in variance with FINUDA result.

Interpretation unclear: XN - FSI,
bound state (H17),
partial inv. mass of heavier state (e.g. *,He).

K. Piasecki 18t Intl Conf. On S




>*(1385)

Chiral effective field theory w/ coupled-channels

¢ K- production in medium ( ®Y — K-N ) coupled
to strange resonances e.g. £*(1385), A*(1405) :
(tA — X* —> K'N)

] p=017fm3| g
S 80 l“/w=0.0GeV §
3 g \ Q
= . "%, w = 0.6 GeV "
- I ‘,'/ %
< qotr V. &
> 1 lsc g
= f ~
. (1388)% / ree space E
1.44 1.6 Te =
/ s'2 [GeV]
m,+m,

N

o

e Y*resonance found in HI collisions
Input to fix ©+ A — K+ N in medium

f2o509frlzlrlce

o AI+AI @ 1.9A GeV

T+ (1385) — A + 1t
Sp+mn

20000

15000

10000

a
(=]
o
o

1000

dN/dM (counts)

750

500

250

o

f
i wﬂ +

S=3115+480
S/B =0.03 £ 0.01
SIGNIF =9.1+1.4

MEAN = 1387 + 5 MeV/c?
I =51+ 13 MeV/c?

:H“"."'I+1'*

2 13 14 15

1.6 18 1.9 2

M (GeV/c )

Y (74327

Y (A+X°)

FOPI

0.125+0.042

Statist. Model
UrQMD

0.097
0.177

18" Intl Conf. On Strangeness in Quark Ma

K. Piasecki

(88 + 2%)

X. Lopez et al. (FOPI), PRC 76, 052203(R) (2007)
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Chiral unitary theory

M. M. Kaskulov, E. Oset, F(’)RC 73 (2006) 045213

140 T — . r T
| [ 2(1385) pole 1ok ]
- 120 D B U
$*(1385) > A(Z) + matp=p, _ [ |__p, B B e
ct=5fm % 100 v 20 F g PPt i
= = SRS S _
— '~ 80 l@\ -30 ’,"
atp=p,. 2 2 5 ]
£ 60 ﬁ” 40 b - Jptas ]
= -2Im[z]z(1385)= 76 Mev ﬁ g -"——’ b
g 40 o 50 -- dp, §
Mass: = - 8p, 2
ik r — dp /4| ]
1 0
Vs«N = -45 MeV (attractive) . . : . R S
13 135 14 145 15 155 16 13 135 14 145 15 155 16

m* [GeV/c?]

X. Lopez et al., PRC 76, 052203(R) (2007)

1000 Al+Al S = 3115 + 480
S/B = 0.027 + 0.005
750} SIGNIF = 9.1 +1.4
MEAN = 1387 + 5 MeV/c’
500 I=51+13 MeV/c?
250 h{ J[Wl +
12 13 14 15 16 17 18 19 2
M (GeV/c?)

= o e——

m* [GeV/c?]

Chiral unitary theory ¢
FOPI expt. data —
PDG mass (p = 0) -o-
04 06 0.8 I'[MeV]

short lifetime — ZX* should probe finite density!

[ broadening not yet observed (more statistics...)
Need to measure with heavier system

Need to include spectral function in transport codes

18" Intl Conf. On Strangeness in Q

K. Piasecki
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HADES: FAIR Phase 0

Experiment

HADES monitoring
Ag+Ag 1.58A GeV

Date: 01 April 2019
Event rate: 16-18 kHz
Collected events: 15268.68 x 10°
Collected data: 3099.23 TB

Last update: 6:00

PID: Velocity vs Momentum - TOF
atio)

—80
—180

70
—60

v/e

B

—2000 —1000 0 1000 2000 3000
. p x g (MeV/c)

==u (AR

Event Display

18000 = Anticipated Events |
14000 - Recorded Events
12000 -
4
§ 10000
2 000
:a
= Booo -
=
4000 -
2000 -
0
March 2019
ARG, ' : ! -
e"/e- Cherenkov Rings Online Hyperons: A —p+ T
- =10
Qoo - s
140 - W signal (u + 26) =(1.05+0.01) x 10
=20 [ signal / background = 1.18
' 18 significance = 238.8
120 p £16
St
100 — 12-
10-
8ol o 8— &

PRI Lo o 1o 0 10 |
“4a 60 a0 100 120 140
Colurmn

Run statistics

HADIES

1980

[ 4 Bt & oageea BT 6 b
80 : S 4 :
I S 2 i

e talel flsl falela’ idateZblale" iatel dall 28 S0 i L
1100 1120 1140 1160 1180 1200
. My, [ MeV/ic

https://web-docs.gsi.de/~webhades/onlineMon/mar19/hades-online.html

K. Piasecki 18t Intl Conf. On
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