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* Motivation: chemical equilibrium of anti-baryons
* Chemical equilibration at the Hagedorn temperature
* Qutlook
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Strangeness production at SpS energies

MHuclzon

Hyprmn  Resonance
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Production of Antihyperons:
QGP signature...?

J. Geiss

P. Koch, B. Muller, J. Rafelski
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Production of Anti-Baryons
Multimesonic channels

- . . = R.Rapp and E. Shuryak,
p-production: p+ N < nmw Phys.Rev.Lett.86 (2001) 2980

l_/—pl’Od UCLION:  C.Greiner and S.Leupold, J.Phys. G27 (2001) L95

A4 N onr+ K N ("’T
=+ N o nr+ 2K <
Q4+ N —>nm+ 3K : 'K

}_/—|—N<—>n7r—|—nYK O'Nf/%(f]\h;%SOmb

detailed balance

annihilation rate = chemical equilibration rate

1
o = (Mg) ' = ~ 1—3fm/c

((o NY_>m+nYKU17N>>PB




master equation:

d
dt
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universal behavior:

T,rs = 155 — 165 MeV
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B — B production at RHIC

Thermal rates within
chiral SU(3) description
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Chemical Freeze-out and /- jticgq) of QCD
(P. Braun-Munzinger, J. Stachel, C. Wetterich, Phys.Lett.B596:61-69 (2004))

Hadronic resonance gas
vs. lattice:

Chemical equilibration
of baryon / anti-baryons:
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— tremendous production rate close to 1.

. but too many antibaryons




Possible solution by Hagedorn states
C. Greiner, P. Koch, F. Liu,

° annihilation at LEAR |. Shovkovy, H. Stocker

—_ . J.Phys.G31 (2005)
— statistical description works well

— intermediate doorway meson states

e \We propose
as intermediate, highly unstable states,

which decay statistically, for counting and

generating collisions . T+nmT—>7w+ 7
<—>n1-7T—|—n2-K—|—n3-[_( \—1 p|_T
s 74
— D+ 5B4+n-m+ny-K+n3g-K

Thelast decay will dominate over

direct production.



* Hagedorn spectrum: 0O

K. Redlich et al, K. Bugaev et al
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* Hagedorn like excitations
in transport models:
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Estimate for baryon/antibaryon production

e properties of

M, ~3-6 GeV . ®
Ac =¢, .~ 0.3—0.5[GeV/fm3] .
P\ @

= N R <J\%€C> ~ 0.05 — 0.15 [fm 3] .

o — + X (eg n-m)
assume: [ +x ~ 100 MeV;

—

ot ~ 0.5 —1GeV

N dé\zw — |—p7°od =n; o0, 1x R 0.05 [fm_4]

|—chem

with nftHIC ~ 0.04 [fm—3] one has
chem — rpmd -1

= | rchem =, 8fm/c

;’j______
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e (anti-)baryon decay probability

e distribution of X = n,;, mesons

P(n_)

Microcanonical decay of HS

T

B

7T

- D4+ X
~ <
~[100 — 400 MeV

.08

> [0t 5 0.2 — 0.4 [

0.08
0.07
0.06
0.05
0.04
0.03 1
0.02
0.014
0.00

" = data

" -- - Gauss fit

multiplicity

0.6

0.4

o
%]

=}

=
=3

0.4

=
%]

=}

F HS st

_I L1 1 | L1 1 1 | L1 11 | L1 11 | 1
0 2.5 5 75 10

E(GeV)

C HS —p

_I o 1 | | I | | | I | | 1
0 25 | s 75 10
— HS —»n

_I - 1 | | I | I | I | | 1
0 25 | s 75 10

(Fuming Liu)

0.75

0.5

0.25

0.4

0.3

0.2

0.1

0.8

0.6

0.4

0.2

=]

FHS K

: 1 I"'l 1 | L1 1 1 | L1 1 1 | L1 11 | 1
0 2.5 5 7.5 10
CHS A

: Y. S 1 | L1 1 1 | | I | | 1
0 2.5 5 7.5 10
:_ MNotation

F £=0.75GeVAm®

C £=0.50GeVHm’

E e=0.25GeVAT® oo

: || 1 | 1 |- | 1 | | | |- 1 I 1 ||
0 02 04 06 08 1



Rate Equations

_ J. Noronha-Hostler, C. Greiner, |. A.
Shovkovy, PRL 100:252301, 2008.

).\Z' — F’i,ﬂ' (Z BZ’nA;L — ) —+ Fz BB ()\<n@ b))\Z )\Z) 7
n=2
. NE? >
A, = Zrimﬁ Ai(ng) = BinnAy
? B n=2
N£1 n
* Zri,BB<ni,b>N—};q ()\z' — s b>)\233)

\ (rib)
ABE = Zrz BB N;qB ()\% — Ax )\ZBB)

N
A= Nea where N is the total number of particles
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Decay Widths

Linear fit (PDG) 1'; = 0.15m,; — 58 = 250 — 1000 MeV

Baryon anti-baryon decay Fz’,BB — <B>Fi
(microcanonical)
Lige =14 — Fz’,BE

Where the average baryon (B) ~ 0.06 to 0.4
number is o |

Analogously for kaon anti-

kaon pairs, i.e. (K> —0.4to00.5



Time Scale Estimate

Assuming N~ N % and N; =~ qu

g = ST, _N_fq(/\,_/\m,w/@ )
BB o . ’L,BBN;qB 1 T BB

N
= D Tissyer (1= Ajp)
? BB

) e () +1

Yo (2)

S
+

)‘BB:(
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where ¢ := Agz(0) and
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1T'= 175 MeV
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ReSU'tS' ExpanSiOn Varying IC's has only small effect!
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Shovkovy, PRL 100:252301, 2008.




Results: Particle Ratios
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Shear Viscosity

Kinetic
(ﬂ) — NHG T "HS Theory:
S/ tot SHG 1+ SHS 1
_ SHG n L N = gmn(vs)A
— — I SHS s/ HG SHG -non-relativistic particles
1
HS: 1) = — E m;n; (Uz)z)\z
— N 3 .
— excl. vol.

— AdS/CFT
: where
Ai = Ti(vi) = Tz\/

- V3
T ey !—> NHS = ?an’TiT

e B w  o» oo B s s s s e 7
120 9 160 1830J. Noronha-Hostler, CG, J. Noronha




M. Cheng et al., Phys.

(Lattice Results)

[LUO ~ T] From F. Karsch et al., Phys. Lett. B 663, 217 (2008).
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strangeness prod. :

Ty

The strange sector of baryons/antibaryons

7T+ N — K+Y
< oxnv >~ 0.1 —0.3mb

—1

n n

chem

~

< TNV > g 12 fm/c

ny

. 2-part. Xsections ‘too’ small

strangeness exchange: K + N -1+ Y

7_}c/hem ~

<ognv >~ 1—-3mb

—1
nK

ny

n

-

< O NV > 2 15 fm/c

nonstrange ~— Q+ 5+ X:

with < Q >=po ~2-10% (pp ~ 0.075) ,

rrod ~ 0.1 — 0.2 MeV

no ~2-1074[fm 3]

(sssqqq) — Q2+ 0+ X
with < 2 >=p ~ 0.05,

rProd v 25 — 50 MeV

chem — prodn;; <(sss)
S ~ 50 — 100 MeV
~ 50— 100 MeV
= T0~2—4fm/c
= TOo~2—4fm/c & d {z
LS%Q.S
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Importance of baryonic HS <=~ CBM?

e At up = 0 one might estimate:

0.04 [fm =3
i ~ "B ~ [fm ] ~ 0.13
n n 0.3 [fm—3]

. can be relevant at larger !

e Consider strange (anti-)baryons

(1) Y — B(#Q)+ X (2) Q2 — Q4+ X
— decay estimate for P(1) and P(2)

(1) (Tg%hem)_l = lQHS-B+X (2) (szhem>_1 =T Qnsea+x 2
~ pepy - 00 = 0.9 - [t =0.1- I‘tOtan—Q >
~ 0.4 —0.8GeV — T@S2-4fm/c

6(1) AL )

np




"Duality” aspects of dense matter

HADRONIC WORLD

Reff ~ 1.2fm

\//\,.("ﬁ = ( TR 15750 mbarn)

2mN ' 3
~———— o B30 E
e FYE I i

O multimesonic fusion processes

qe0 _
} are effective for pg > 0.5p

and € > 0.4 GeV/fm? at SPS energies

QUARK GLUON PLASMA

O coalescence production

h during hadronisation ?

~_ - U nonperturbative phenomena



Deconfinement: transition to quark phase

n=1.0fm"> n=20fm"’

2]
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@ formation of color neutral
clusters at small densities

k=04 —a— ' -

g | e (08 @ particle number/cluster rises
L 1 j ; @ critical density at maximal
E ? TTE*!;;E“._ overlap (n ~ 2fm—3 or
g 10 + -
> | ”I“" e~ 1.1GeV/fm?)

102 _ @ percolation transition
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A model for QCD

Chromodielectric model (CDM)
Lo %H((_)‘)

—g J, A®

[G.Martens et.al., Phys.Rev. D70/D73]
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qg-strings in: fixing the model on
lattice QCD [G.Bali, Phys.Rep. 343] qg-potential
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density of states:
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Hadronic Matter
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Conclusions and Outlook

Potential Hagedorn states as additional dof can explain BB
and also strange baryon production close tol 77 ;

(re-)population and decay are governed by detailed
balance

Three main assumptions:
(1): A€, o = 0.3 —0.5GeV/fm>

(2): T ~ 0.5 -1GeV
(3): microcanonical statistical decay

Future: Embedding into UrQMD
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