





® NOt

0.95T < T, <T.

. = I have a model where T, T, "

. " I use T, as a free parameter and |
find that in @ model simulation it is
close to the lattice value (or T, ) ©

T, = 176 MeV  (?)
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Has T. been rmeasured ?

® (Observation : statistical distribution of hadron species with
“chemical freeze out temperature ® T,4=176 MeV

® T, cannot be much smaller than T, : hadronic rates for o
T< T.are too small to produce multistrange hadrons (€,..) -\

® Only near T multiparticle scattering becomes important




Exclusion argurnent

Assume T is a meaningful concept -
complex issue, to be discussed later

hadrochemical equilibrium

Exclude T, much smaller than T.:
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PUeRutauEVe Issue matters!
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e Two particcaftering rates not sufficient
to produce (2

e "multiparticle scattering for Q-production ™ :
dominant only in vicinity of T
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J OH ~hadron equilibrium
= E'cay of collective excitation (o — field )
*ﬂultl hadron-scattering




Hadronic picture of £2 - production

Should exist, at least semi-quantitatively, if T, < T,
(for Ty, =T, :T4>0.95T. is fulfiled anyhow )

e.g. collective excitations = multi-hadron-scattering
(not necessarily the best and simplest picture )

multihadron -> Q + X should have sufficient rate

* Check of consistency for many models
-~ Necessary if T, # T, and temperature is defined

g:::f— Way to give bound on T,/ T

—



rg = n2(ng /ng)’| M.
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proportional to very high power of density )
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Phase space

® increases very rapidly with energy and therefore
with temperature

* effective dependence of time needed to produce Q

This will even be more dramatic if transition is closer
& to first order phase transition
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P.Braun-Munzinger,J.Stachel, CW



= consistency: !



extremely raplid cnange

lowering T by 5 MeV below critical temperature :

rate of QQ — production decreases by
factor 10 :

This restricts chemical freeze out to close vicinity
of critical temperature

0.95 < T /T. < 1
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v =ity V/V. AT =5 MeV,
Foe = 1.13
= (1.10—0.55) /fm Tt =8 fm
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AT
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Is temperature defined 2~
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= aiiear quiark-meson-model )

= method W particle irreducible non-
eauilibrtim effective action ( J.Berges et al)
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similar for kinetic temperature
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=== -d1Fferent “temperatures”
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t=100: fermion ——
t=200 : fermion -------
t =400 : fermion — —

1 1.5
Momentum [m]

scalar —
scalar ------
scalar — - -
late time ——

1

") = T OO E 1

w;,f) (t) determined by peak of spectral function

n, :occupation number
for momentum p

late time:



Global kinetic temperature Ti;,

|

Practical definition:

e association of temperature with average kinetic energy per d.o.f.
Tkin(t) — Ekin (t)/ceq

® Coq = Ekinoq/Toq is given solely in terms of equilibrium quantities
(E.g. relativistic plasma: Exin /N = ¢/n = al)

Kinetic equilibration: Ty, (t) = Teq

Consider also chemical temperatures Té}{’s) from integrated number
density of each species, n/*)(t) = ¢) [ d3p/(27)% ni " (¢):

nit) = 9 / " dpp? [exp (w (1) T () £ 1]

272

Chemical equilibration: T(f)(t) — T(S)(t)

ch ch
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Once a temperature becomes stationary it
takes the value of the equilibrium
temperature.

Once chemical equilibration has been
reached the chemical temperature equals
the kinetic temperature and can be
associated with the overall equilibrium
temperature.

IIJI |



S
A pC
tem'

Chiral order parameter o depends on T

M;(T) = hji(T, p)o (T, p)
G(:T{f_‘..]].*- JU') . 0(00)

T(.‘:.h Tobs .

Te = 17619 MeV.



e — 4

~ uncertainty in critical temperature
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at high T :
less order
more symmetry

examples:
magnets, crystals
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second order pnase transition

for T only somewhat below T.:

the order parameter o is expected to
deviate substantially from its vacuum |
value

' f
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Patios of particle masses and

chemical freeze out

at chemical freeze out :

® ratios of hadron masses seem to be close to
vacuum values

* nucleon and meson masses have different
characteristic dependence on o

nJ ~nNJ '1 2
® I”nnucleon O, mn 9) /



M;(T) = hj(T, p)o (T, u)

o(Ten, 1) _ (0,0)

Ten Tobs |

Te = 176193 MeV.
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first order phase transition
. seems to be favored by
chemical freeze out

-
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Lattice.restits

e.g. Karsch,Laermann,Peikert

Critical temperature in chiral limit :

N;=3 :T. = (154 £ 8) MeV
Ne=2 :T. =(173 £ 8) MeV



3 flavour
2+1 flavour
2 flavour
pure gauge




ElIBHCQCD,.
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Bellattice results not yet available
5t order transition vs. crossover

=== also Ll'ncertalntles in determination of
;.-_;‘"'c_; _|t|cal temperature (_ chiral limit ...)

" extension to nonvanishing baryon number
only for QCD with relatively heavy quarks
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erlmental determination o crtical
= cc gPErALUrE may 19e More: Precise
:.:‘“than [attice results

e crror estimate becomes crucial
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