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Strange mesons in AA collisions

e Production thresholds
in free NN collision :
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e They are here. ..

e Strange mesons in AA collisions:

— Are the production processes primary or secondary?

— Decays? Contributions from intermediate resonances?

— Modification of properties in medium?

— Production of strange resonances?
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Probing partial restoration of chiral symmetry
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FOPI experimental setup
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Production of Kaons in AA: Primary or secondary?

If primary:

For pA — KX: MUL, =

AA— KX: Glauber:
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K* near-threshold production processes:

°* N

beam

+ N N

has Fermi motion

target ’ target

* predominantly via AN ,AA — K*°Y B

+,0 Mo
T™N, TA —» K®Y Y=IAg]

* U, involved (increases K mass — lower yields)
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Sub- and near-threshold Production of K-

* in medium: mainly strangeness exchange: Au+Au, T = 1.5A GeV (IQMD transport code)
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Q: Can we see them? 0 0 20 30 40 0 0 20 30 40
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°* @1020) -~ K'K" decay (mostly outside collision zone)

Q: How strong is this contribution?

th)

* In-medium effects: “U, potential” or “spectral density

Q: How strong is this influence?
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e
¢ (1020) mesons

9oL
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@K- excitation function

within Statistical Model
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Canonical

Exploring @ phase space
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B
241385) resonance

Chiral effective field theory w/ coupled-channels

e K- production in medium ( Y — KN ) coupled
to strange resonances e.g. 2§1385), A{1405) :
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>* resonance found in HI collisions

Input to fix T+ A —» K+ N in medium
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K-/K* : experiment vs transport

Al+AL T =1.9A GeV, 9% most central events

o K*: U, repulsive e A I
KN _ -~ | i)t
K-: U, ~attractive = (F. Gasik) ]
- af '
K=/K* : promising observable 5355
25f
* |QMD transport code |
_ P Ly
° me(p) = me.(py) - (140 ] | T e, ;
° at p=p, ; i
: o : 3 relimina
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e HSD transport code
°© K*tasinlwD e HSD, U,,,=40 MeV, K- Not Modified
. | IQMD, NO Pot. ) ) _
° 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
- * U, only” scenario : insufficient

* |QMD: potentials used probably too strong
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Flow of charged kaons

directed flow vV,
dN
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In-medium modifications of K*° atp <p,
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Modifications of K° in AA collisions

o K from Ar + KCI @ 1.76A GeV K% cr= 2.7cm
X
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Kaonic resonance: K*(892)

Ko (892) - K* T

Ei, = 2.75 GeV
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Al+Al @ 1.9A GeV
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Summary and conclusions

In sub- and near-threshold AA collisions,
strange meson production needs secondary processes

Production of K- more complex than K* and influenced by:

o @(1020) — K via decay (15..20%)
o 2**(1385): strangeness exchange channel via 2* (T/A - 2* - K'N)
o in-medium modification of properties of K-

In-medium modifications of properties of K*/-/9
o Study of K-/K* ratio Uen ~ 10..40 MeV

ST U, ~-30..-50 MeV
o Study of v, (K) U,y ~ 20 MeVatp<p,

o Study of Ks pand p.-Y distributions ~ 45 MeV at p ~ 2p,

K*(892) strange meson resonance observed in Al+Al @ 1.9, Ar+KCl @ 1.76
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| |l K+ @ 1.0 AGeV, exp. KaOS ]

QO K+ @ 1.0 AGeV, theory
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HSD transport model

* Infinite" hadronic matter, initial e=¢ , p_=p , p =0
* T, Characteristic time of yield buildup
T, @ 2/3 of N

equilibrium

* At SIS energies, resonance production

E.L.Bratkovskaya et al., NPA 681 (2001) 84
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P e o
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no thermalization of strangeness
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S.A. Bass et al., PPNP 41 (1998) 225
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I
K* phase space: experiment vs transport

Al+Al @ 1.93A GeV, ~ 9% most central events (P. Gasik)
AR : . .
> - > o ;
S o136° <o, <141° e . @ S as| preliminary &
E B — 3 . " g = 4 - - 'J'
= 3.5 =
O 2 ——
5| L £
= 2.5 E
al- ol c%
3["—— 1QMD, U(K")=40 MeV, U(K)=-100 MeV 1.5} )
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4|.===- 1amp, No Pot. 2
== == HSD, NO Pot. | 0.5~ .
% 0.1 0.2 0.3 % g
Ecy (GeV) : S
* 1QMD « HSD
© Soft EoS (K = 200 MeV) o Semi-soft EoS (K = 250 MeV)
_ P o :
° my.(p) = myg.(po) - (1+0ti'p—0) ° K* mass modifications as in IQMD
° ay,, =0.08 (-0.21) o K- production: off-shell G-matrix

At p=p, Am,, =40 MeV, Am,_ =-100 MeV

* Clear preference for U, # 0 option
e Still description not ideal
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Al+Al, E=1,9A GeV + IQMD/HSD
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Al+Al, E=1,9A GeV + IQMD/HSD
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c (mb)

10

K. Piasecki (FOPI)

I I I

I
i i Data FOPI (1'+A)
Fi *AP
-—— Fit o=0 A
Data (+N) ¢*A%?

-+— QMC (p:pn)

IIIIII I

- — HSD (U=20 MeV)

M.L. Benabderrahmane et al., PRL 102, 182501 (2009)
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I
In-Medium 2*(1385)

Chiral unitary theory

M. M. Kaskulov, E. Oset, FBRC 73 (2006) 045213

140 T T
>(1385) pol ok e T
>*(1385) > A\(Z) + matp=p, [ | _ p<0 ) pole [ T ) S
ct=5fm 2 100 F |- P2 ////-’/- % o0k .__,_,-"" -
E = po/4 /’ ,/' e E """"""""""""""
atp = Po. % 80 [ |— vacuum : o g -30 1 P A
=60 - - ﬁw A0 -7 -
= -2IM[Z]; 1265 = 76 MeV 2 : o
g 40 15 50t - dp, 1
Mass: [T ~ — Bp /2
20 » . — 60 F B 6p al
Vs = -45 MeV (attractive) ] =
L3 135 14 145 15 155 16 3 135 14 145 15 155 16
m* [GeV/c?] m* [GeV/c?]
X. Lopez et al., PRC 76, 052203(R) (2007)
: : o
1000 Al+Al S = 3115 + 480 Chiral unitary theory
S/B = 0.027 +£0.005 FOPI expt_ data —_—
750+ SIGNIF=9.1 +1.4
MEAN = 1387 + 5 MeV/c? PDG mass (p = 0) —
500 =51 +13 MeV/c? ] ) ]
250 |- ﬂ[ ﬂ + 04 06 0.8 I [MeV]
T
P TRy T TR T [ IR short lifetime — X* should probe finite density!
M (GeV/c?) [ broadening not yet observed (more statistics...)

= m e———

Need to measure with heavier system
Need to include spectral function in transport codes 3
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Strange meson i
excitation functions .
near threshold i
B NA49
A AGS
® RHIC
|l
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102 F
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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)
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B
Strangeness production and absorption

K.|. K_ (p Yields from N1+ Ni(1.93 GeV)

B+B 3.5x 1074
9« 10-2
Production BB — BYK" BB —»BBK'K BB BB B 2,
(primary) _ p+B 8.9 x 10
Topsonie = 1.58 GeV T . =25GeV T . .. =26GeV T+ p 1.6 x 107*
n+ N(1520) 0.5x 1074
| Total yield 1.7 x 1073
Production 18 — YK* Yy — (2"—)BK- 1B — Bg H.W. Barz et al. (BUU)
(secondary) BY — NKA pB — Bo Nucl. Phys. A 705 (2002) 223
BY — BBK: TN* — N¢ i
B — BK*K- PTT— @
¢— KK L -
K*K- — @negligible 5
Absorption K'Y — 1B KB — mY N — KA ;:E- sl ]
Elastic scat. KB «»> K*B KB < KB N — ¢N T /K-
(char. exch.) K*n <> KO p K-p <> Kon AL 7 e
1 1 !
200 400 600 800
[Bl=p,n, N, N, A P g (Mev/c)
C.B. Dover, G.E. Walker
[Y]=A, 2 Phys. Rep. 89 (1982) 1
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Neutral strangeness: K°®and A°

Ni+Ni @ 1.9A GeV

':_— 2
0 0 . N% ] K° mass 0.501 GeV/c? |
s K"and A° (from secondary vertices) 8 12 widih 1.8 MeVc*
2 :
= 0.8/ counts 33542
KO 1+ (BR=69%) £
A° . 1+p  (BR=64%) 2 |
= 035 0.45 0.55 0.65 0.75
- m,,, (7,x*) [GeV/c?|
KO (ds) | A°(uds) = ! A ]
. : ° 8 L
Ni+Ni | 30k 60 k 3 s Lusoav
= : S/B 206
Al+Al | 60k 100 k £ al counts 60877
z 2
M. Merschmeyer, X. Lopez et al. E 105 1.1 115 1.2 1.25
(FOPI), PRC 76, 024906 (2007) m,,, (%,p) [GeV/c?]
01~ UL B L B T T T T

— . ———r
E @ K° (measured) * K'(Best,FOPI) 3
0.08F O K° (reflected) * K" (Menzel,KaoS)

— A0 and KO obeying
+ z Boltzmann distributions

of":":l::::I::::I::::I::::I?':“;

- B A (measured) * Protons (horma- — /\O and proton

lized to A yield)

0.15F O A (reflected)
z A g emission patterns
s "I ] different
o0} : (p — transparency)
ot 1 T I05 I 0 I 0.5 1
yc.m.
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S
Statistical model

Assumption: equilibrium @ chemical freeze-out

. - . © 2
Density of species i : n(u.T) = 2o = & pdp
(in grandcanonical ensemble) c V 21 E—uz,B—u,S.—u, 1,
exp — |+
T
Free parameters: chemical potential pg
temperature T
For particle ratios : V cancels out

Fixed by conservation laws: g, W5

_but TS

1
Hh"/}f

No equilibration of strangeness (?)

0.9
0.8

- . 207+
- Extension: o /?/{.
1 Q5
exp(..) = expl.) —
(YS) 0.3 F  AGS Au-Au -
. ” SPS Pb-Pb RHIC Au-Au
Ys “strangeness undersaturation factor e 10 100
ng number of strange quarks " exay [GeV]

F. Becattini et al., PRC 73, 044905 (2006)
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B
Particle yields vs Statistical Model and UrQMD

@ AI+Al : 8 independent ratios involving

0 E

p, d, T, K, K, Ko, @ K, 2 A . . ARAl =505
2 |C T =721t3MeV
@ Ni+Ni : 8 independent ratios involving = ug =738+10 MeV
p, d, 1, 11, K*, K, KOS, (OWAN 102—_'_ i 2
g3 —+ T
Statistical Model - —5-
— Grand Canonical ensemble; 10° - ' t 0 = ' K'°l ' =
— For S#0, Canonical ensemble P % e, i:go A;E K % e

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

- SM fitting quite well

i3 v NHNi g
- O
UrQMD v 2.3 . =
o ; o +
No equilibration assumed B * ; \
— Cascade model — no mean field 10 = v =791/6 ; f
— no in-medium effects C T = 68.5+11.8 MeV —
- u =758 £+10 MeV FOPI/ KAOS
— J. Phys. G: Nucl. Part. Phys. 25 (1999) 1859 1073 = A
| ] ]
: : d * * * K %K A
—  UrQMD fits quite well too P P = = K A T %
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I
Freeze-out in phase diagram

200

(MeV)

— 150 F
125
100

75
50

25

J. Cleymans et al., PRC 73, 034905 (2006)

. EI %
_RHIC jps ¢¢ AGS _//
3 ¢‘ ) / /
_ T
t g
(lj | I2[|JOI | I4(|]0| | |6(|}0| | I8E|)OI I.I1(;UU
1, (MeV)
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