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The data: = production enhancemet

-
= hyperon production at SIS energies

e HADES experiment: Ar+KCI collisions at bombarding
energy 1.76AGeV
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e data SIS:
=/(N+20) = (5.6+1.2+1-81 7)x10°3

[G. Agakishev et al. (HADES), PRL 103 (2009) 132301]
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[S. Wheaton, J. Cleymanns, M. Hauer, '. !l, 5 :
Comp. Phys. Commun. 180 (2009) 84]
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Considerations about the system

* baryon dominated system
* strangeness produced in zZN—KA(Y)

- all strange antiquarks go into kaons

- kaons do not interact with other particles

= the interacting system contains net strangeness

= net strangeness corresponds to the number of
produced kaons
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Strangeness as rare species

* number of kaons is very low!
(K*) =(2.8+0.4)x102

= no kaons in most events
= one kaon in about every 50 events
= very rarely two or more kaons in one event

= cascades are produced only here, however

Take this into account when calculating the
number of cascades statistically.
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Minimal statistical model

respect fixed strangeness in each event

- formulate separately for net strangeness
0,1,2,... = n-kaon classes

distribution of net strangeness Poissonian

distribute strange quarks according to
statistical equilibrium prescription

non-strange species distributed according
to statistical equillibrium
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Multiplicity of strange species

multiplicity of species a with S=-1:
M, = 1PDPW 4 op@p@) | 3pBp@)

probability inclusive probability of

to have given releasing species a
number of ssbar

multiplicity of =

M= = P(2)73(2) P(S)p(?))
* note the missing term for smgle—kaon class
* note the missing factor of 2 in the first term
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Event-averaging

PRSI

* for all events (or triggered events) we must
average over impact parameter

Pl — (PY)

* the probability to have some number of s
quarks depends on volume

* kaon multiplicity is observed - gives the
normalisation
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Statistical distribution of s quarks

* Probability to release s quark in species a

P = () . eBann/T

- chemical
normalisation volume degeneracy ' potential

 normalisation depends on the number of strange quarks
in the system

normalisation depends on volume (non-trivial averaging
over impact parameter)
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Probability of n—-kaon production

for fixed impact parameter:
the average number of ssbar pairs

W = /to V() Wlpp(t), T(t)] dt = Wr V3 = \y4/3

multiplicities distributed Poissonian

P = W"en‘f
expand for different n
Py = AV NVEB L LAV L O,
P2 = 12783 133yt o0,
P = 1X3vtiont

get A from kaon multiplicity
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Normalisation from kaon multiplicity

A
Mpc+ = 1

N = = 1.14

W) A—7
N /

average over volume (impact parameter)
1+ U)MK+
(V4/3)

we have parametrisation for V and we can do
averages

L

Boris Tomasik: Production of = hyperons in nuclear collisions at subthreshold energies 10/18




Summary of the model

* total strangeness normalisation from kaon
multiplicity

* assumption of isospin asymmetry

 Poissonian distribution of number of s
quarks

* statistical distribution of s quarks into
hadrons

Implications:
« more K estimated than in isospin symmetry
« = only produced in at least 2-kaon events

Boris Tomasik: Production of = hyperons in nuclear collisions at subthreshold energies 11/18




Results: K-

Re or = PE (1 ~ (L= n) Mg+ p= C<2)>
/ Pi +pa +ps (V)(px +pa +px)?
(@ = (VO3 (V)
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Results: 2

R/ s — ("’ +1D(n+1) nps <1_ (1 —n) Mg+ p= C(2)>
/ 2n* +n+1) pg +pa+ps (V) (pg +pa +px)?
C(Q) — <V5/3><V> 0.6 LI L I B B

(V4/3)2 >/K (c)
04 -4
.......... (i.so).
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Results: =

pP=
- 1
Re/s/x+ =1 PR TPATPS - C(Z)
= (V) (pa + 2257 2
(® — (Vo3 (V)
(V4/3)2

factor 1/2, because = comes from
2-kaon events!
Difference to “normal” statistical model

OO 1 ] ) ] ) ] ) ] ) ] )
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T [MeV]
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In-medium potentials
E(p) \/1/1'4’ Fpr — \/m*;’ Fpr+V \/(m FSY2+pe+V

scalar and vector

f(lfl. T) — f(lfl*. T) (3.\"])(— ‘O/T) potentia|s

nucleons: Sy =~ —190 MeVpg/po Vv =~ +130 MeVpg/po

RMF model [Kolomeitsev,Voskresensky, NPA 759,373 (2005)]

deltas: SA = SN Va = Wy
hyperons: constraint  S(p,) + V(py) — U/ potential in atomic nucleus
quark counting for vector p. v, — V5 — 21z — 2V

S; [["7,' _— “}(/’u)l /)b',f'//'u

Up = =27 MeV [Hashimoto, Tamura, Prog.Part.Nucl.Phys. 57, 564 (2006)]
/s 24 MeV [Dabrowski, Phys.Rev.C 60, 025205 (1999)]
[/= —14 MeV [Khaustov et al., Phys.Rev.C 61, 054603 (2000)]

kaonS ‘ [\ 0 ‘S' K [ J K /) },"" /')()

Ui — —(T0-150) MeV  optical potential from kaonic atoms
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Results with in-medium potentials
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Trigger effect

LVL1 trigger HADES counts only the events with MUL>16
b, b<3.9fm
2
3.6¢"07 (55 =375)" p > 3.9fm

trigger function
bmax
2T fO dbbTLVLl ‘/}O(b)
<‘/fo>LVL1 — Do — 177<%o>
impact parsmeter {fm) 2 fO dbbTLVLl

ratio exp. values inclusive triggered
(K~ /K™) x 10 2.54T5 50 2.55 2.55
A/K* 1.461037  1.50 1.50
/Kt (Had 0.137515

/K (Hades) —012 990 0.290
> /K™ (iso) 0.3019 33
Z/A/KT 0.20701% 0.047  0.026 another factor of 2 decrease!!!
(Q/A/K~/KT) x 10? — 0.85 0.26
(Q/E/KT) x 10? — 0.42 0.23
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Conclusions

PRSI

» Statistical model underestimates = production
even more than thought previously

 There must be some non-equilibrium process of
= production - once they are produced, they
leave the system
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= production, distribution of strangeness

At SIS energies K* and K° have long mean free paths and escape the
fireball right after their creation in direct reactions.

The fireball has some negative strangeness which is statistically
distributed among K-, anti-K°, A, X, E (Q can be neglected).

The following ratios do not depend on strangeness suppression
factors (the ys) and the fugacity

Rx-jk+ =  w=  =25555x1077
Rp/p+ = N]@;fo = 1.46757
Rejce = 3325 = 013541

Rejpn/x+ = NA+A§);VK+ = 0.2070 1]
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Strangeness concentration

can be extracted from K* multiplicity and the freeze-out volume

2(Ng+)
Nsto = Ngltto) =
S,f s (tto) Vi)
b
2m |7 dbb Vi (b
(mean) freeze-out volume: <Vf0> — fo b f ( ) bmax = 270 A1/3
2 [ dbb
ro = 1.124 fm
2A
Vfo(b) ~ F(b/bmax) <«—— overlap function
P B.fo
T_ freeze-out density [Gosset et al, PRC 16, 629 (1977)]
A
Vio) &
< > 2 P B.fo
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Ratios as functions of FO temperature
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Backup: where do = baryons come from?

strangeness creation reactions: KN — K= — 380 MeV Ng- &€ Np sy

w2 — K= — 480 MeV very endothermic,

A = K= — 560 MeV very inefficient

strangeness recombination reactions: ss quarks are strongly bound in Z!

: : : 7 — = A |
anti-kaon induced reactions KA — En : - o ~ 10 mb

—_—

KN —s =1 092 Vo [Li,Ko NPA712, 110 (2002)]
\/4 —

AA = =N —26 MeV can be more efficient since
AY =2 =N 4+ 52 Me\ Ng- < Npy

N — =N + 130 Me\ |A|?> ~ 5 mb

double-hyperon processes

4“?
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