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Strangeness °a vor is the only known observable of the decon¯ned quark-gluon
state of matter whic h can be studied in the entire available exp erimen tal A GS,
SPS, RHIC and LHC energy range. Multi strange hadrons are of particular
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con¯ned state. A comparativ e study of strange hadron pro duction at as function
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Wh y Strangeness is a diagnostic to ol

EXPERIMENT AL REASONS
² There are many strange particles allo wing to study

di®eren t physics questions (q = u; d):

Á(s¹s); K (q¹s); K (¹qs); K ¤(893); ¤(qqs); ¤(¹q¹q¹s); §¤(1385);

¥(qss); ¥( ¹q¹s¹s); ­( sss); ­( ¹s¹s¹s) : : : more resonances : : :

² Strange hadrons are sub ject to a self analyzing de-
cay within a few cm from the poin t of pro duction;

L

p
p

p
X

² Pro duction rates hence statistical signi¯cance is high;
(strong in teraction reaction cross sections)
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STRANGENESS EX CIT ATION FUNCTION

Green: C{C and Violet: Si{Si, other Au{Au, Pb{Pb Coun t ¹s quarks in all
hadrons. A t low energy practically 2K + .
No change in reaction mechanism visible, neither as function of energy, nor
reaction volume, in this simple yield observable
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More SPECT A CULAR: NA49 horn in ¯nal state ¹s=¹d
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Rise of ¹s Rise of ¹d
decrease of bary on densit y

increased resonance pion yield

The `Ga¶zdzicki-horn' is result of two e®ects: left side of peak, strangeness
approac h to saturation and a righ t hand of peak, reduction of bary on densit y
whic h allo ws growth of ¹d. Statistical Hadronization Mo del (SHM) with chem-
ical nonequilibrium allo ws to understand how such a rapid change occurs. A
spectacular change in physics will be demonstrated.
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A more di±cult Á observable

Issues:
1) The SPS 20GeV Á-yield is out of systematics, requires factor 0.6,
2) at RHIC the reconciliation between STAR (red) and PHENIX (blac k) will
decide if relativ e Á yield saturates or increases.
3) The small Si{Si system shows same behavior as Pb{Pb.
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There is a Á peak even after we eliminate bary on densit y e®ects
The `horn' is real, reapp ears in another observable

T=140-180 MeV

T=125 MeV

The combination of K+ K¡ , ¼+ ¼¡ limits bary on densit y e®ects: this is a strangeness,
strangeness coalescence and entrop y peak. As shown on righ t, the rela-
tiv e yield Á=

p
K¡ K+ rises with energy. In Stat. Had. Mo del. ©=

p
K+ K¡ '

Const:° s=°q: Ratio directly measures ° s=°q

©=
p

K+ K¡ / (° s=°q)=Const.
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WHY s: THEORETICAL CONSIDERA TIONS
² pro duction of strangeness in gluon fusion GG ! s¹s

strangeness link ed to gluons from QGP;

q

s

s s

q

g

g

g

g

g

g

s

(a) (b) (c)

(d)

s s

s

s

dominan t pro cesses:
GG ! s¹s

abundan t strangeness
=evidence for gluons

10{15% of total rate: q¹q ! s¹s

² coincidence of scales:
ms ' Tc! ¿s ' ¿QGP!

strangeness a clock for QGP phase

² ¹s ' ¹q! strange antibary on enhancemen t
at RHIC (an ti)h yp eron dominance of (an ti)bary ons.
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Yields of s;s;q; q ! NEED 4 CHEMICAL ABUND ANCE PARAMETERS

° i controls overall abundance Absolutechemical

of quark(i = q; s) pairs equilibrium

¸ i (¹ B ; ¹ S) controls di®erencebetween Relative chemical

strangeandnon-strangequarks(i = q; s) equilibrium

HG-EXAMPLE: redistribution, pro duction of strangeness
Relativ e chemical equilibrium Absolute chemical equilibrium

s q q s
q s q s

EX CHANGE REA CTION PAIR PR ODUCTION REA CTION
¸ i ° i
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STATISTICAL MODEL STRANGENESS YIELD IN QGP

½s

½b
=

s
q=3

=
° QGP

s
3

¼2T3(ms=T)2K 2(ms=T)

° QGP
q

2
3

¡
¹ qT2 + ¹ 3

q=¼2
¢ ; !

s
b

'
° QGP

s

° QGP
q

0:7
ln ¸ q + (ln ¸ q)3=¼2 :

assumption: O(®s) in teraction e®ects cancel out between b;s
We consider ms = 200MeV and hadronization T = 150MeV,

. QGP yield at chemical equilibrium
° QGP

s = ° QGP
q = 1

A t SPS, ¸ q=1.5{1.6, th us s=b' 1:5 in equilibrium; for s=b' 0:75! ° QGP
s =°QGP

q = 0:5
A t central RHIC-200 we have ¸ q ' 1:06
Comparison with the actual s=b= 9:6§ 1 yields ° QGP

s =°QGP
q =0.8.
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Kinetic description of strangeness pro duction

q

s

s s

q

g

g

g

g

g

g

s

(a) (b) (c)

(d)

s s

s

s

The generic angle averaged cross sections for (heavy) °a vor s; ¹s pro duction pro-
cessesg + g ! s + ¹s and q+ ¹q ! s + ¹s ; are:

¹¾gg! s¹s(s) =
2¼®2

s

3s

·µ
1+

4m2
s

s
+

m4
s

s2

¶
tanh¡ 1W(s) ¡

µ
7
8

+
31m2

s

8s

¶
W(s)

¸
;

¹¾q¹q! s¹s(s) =
8¼®2

s

27s

µ
1+

2m2
s

s

¶
W(s) : W(s) =

p
1¡ 4m2

s=s

In¯nite QCD re-summation: running ®s and ms tak en at the energy scale ¹ ´
p

s .
USED: ms(MZ ) = 90§ 20%MeV ms(1GeV ) ' 2:1ms(MZ ) ' 200MeV.
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WHY PER TURBA TIVE STRANGENESS W ORKS
An essential pre-requiremen t for the perturbativ e theory of strangeness pro duc-
tion in QGP , is the relativ ely small exp erimen tal value ®s(MZ ) ' 0:118, whic h has
been exp erimen tally established in recent years.

®(4)
s (¹ ) as function of energy scale ¹ for a variet y of initial conditions. Solid line:

®s(MZ ) = 0:1182(exp erimen tal poin t, includes the error bar at ¹ = M Z ).

A t the scale of just above 1 GeV where typically thermal strangeness pro duc-
tion in RHIC QGP occurs, perturbativ e theory mak es good sense but is not
completely reliable. Had ®s(MZ ) > 0:125been measured 1996 than our approac h
from 1982 would have been invalid.
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Thermal average of (strangeness p[pro duction) reaction rates
Kinetic (momen tum) equilibration is faster than chemical, use thermal particle
distributions f (~p1; T) to obtain average rate:

h¾vreli T ´

R
d3p1

R
d3p2¾12v12f (~p1; T)f (~p2; T)

R
d3p1

R
d3p2f (~p1; T)f (~p2; T)

:

In varian t reaction rate in medium:

Agg! s¹s =
1
2
½2

g(t) h¾vi gg! s¹s
T ; Aq¹q! s¹s = ½q(t)½¹q(t)h¾vi q¹q! s¹s

T ; As¹s! gg;q¹q = ½s(t) ½¹s(t) h¾vi s¹s! gg;q¹q
T :

1=(1+ ±1;2) in tro duced for two gluon pro cessescomp ensates the double-coun ting of
iden tical particle pairs, arising since we are summing indep endently both react-
ing particles.

This rate enters the momen tum-in tegrated Boltzmann equation whic h can be
written in form of curren t conservation with a source term

@¹ j ¹
s ´

@½s

@t
+

@~v½s

@~x
= Agg! s¹s + Aq¹q! s¹s ¡ As¹s! gg;q¹q
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Strangeness densit y time evolution
in local restframe (~v) we have :

d½s

dt
=

d½¹s

dt
=

1
2
½2

g(t) h¾vi gg! s¹s
T + ½q(t)½¹q(t)h¾vi q¹q! s¹s

T ¡ ½s(t) ½¹s(t) h¾vi s¹s! gg;q¹q
T

Evolution for s and ¹s iden tical, whic h allo ws to set ½s(t) = ½¹s(t).
Use detailed balance to simplify

d½s

dt
= A

µ
1¡

½2
s(t)

½2
s(1 )

¶
; A = Agg! s¹s + Aq¹q! s¹s

The generic solution at ¯xed T (½/ tanh) implies that in all general cases there
is an exp onential approac h to chemical equilibrium

½s(t)
½1

s
! 1 ¡ e¡ t=¿s

with the characteristic time constan t ¿s:

¿s ´ 1
2

½s(1 )
(Agg! s¹s+ Aq¹q! s¹s+ :::) A12! 34 ´ 1

1+±1;2
½1

1 ½1
2 h¾sv12i 12! 34

T :
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Characteristic time constan t and °s-evolution

¾! s¹s
QCD giv es ¿s similar to lifespan of the plasma phase!

Strange quark pair pro duction dominated by gluon fusion: G+ G ! s¹s, also some
(10%) q¹q ! s¹s; present; this is due to gluon collision rate.
ENTR OPY CONSER VING expansion i.e. at SPS T3V =Const. (not yet long.
scaling):

2¿s
dT
dt

µ
d°s

dT
+

°s

T
z

K 1(z)
K 2(z)

¶
= 1¡ °s

2 ; ° s(t) ´ ns(t)=n1
s ; z =

ms

T
; K i : Besself:

Once °s known, h½s(t)i = h¹½s(t)i =
R

dx3½1
s (T(t; x))°s(T(t; x); _T(t; x));

evolution till t ! t f ,but e®ectiv ely pro duction stops for T < 180MeV.
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What about charm? ms ! mc
We exp ect that thermal charm pro duction is of relev ance only for
T ! mc(1GeV ) ' 1:5GeV, probably not accessible.

®s(MZ) = 0.118,
mc(MZ) = 0:7§ 7% GeV

Lower dotted line: for ¯xed mc = 0:9GeV, ®s = 0:35;
upp er doted line: for ¯xed mc = 1:5GeV, ®s = 0:4.
Equilibrium densit y for ½1

c (mc ' 1:5GeV ).

Charm is pro duced relativ ely abundan tly in ¯rst parton collisions. Benchmark:
10 c¹c pairs in central Au{Au at RHIC-200. This yield is greater than the exp ected
thermal equilibrium yield at hadronization of QGP . Charmonium enhancemen t
by recom bination.
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TW O STEP HADR ON FORMA TION MECHANISM IN QGP

s
s

s

s

s

d

d

d

d

d

u

u

u u

s

s s s

W

s

s

u

d

s

s s

s

s

u u

u

u

d

d

d

d d

d

u

u

u

g

g

g

g
g

g

g

X

g

g

s s u

g

1. GG ! s¹s (thermal gluons collide)
GG ! c¹c (initial parton collision)
GG ! b¹b (initial parton collision)
gluon dominated reactions

2. hadronization of pre-formed
s; ¹s; c; ¹c; b; ¹b quarks

Formation of complex rarely
pro duced (m ulti)exotic °a vor
(an ti)particles from QGP enabled
by coalescence between s; ¹s; c; ¹c; b; ¹b
quarks made in di®eren t micro-
scopic reactions; this is signature
of quark mobilit y and indep endent
action, th us of decon¯nemen t.
Enhancemen t of °a vored (strange,
charm,. . . ) antibary ons progressing
with `exotic' °a vor conten t.Av ailable results (SPS, RHIC):

Enhancemen t of strange (an ti)bary ons progresses with strangeness
conten t.
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(MUL TI)STRANGE (ANTI)HYPER ON ENHANCEMENT

1

10

0 1 2 3 4 5 6

Strangeness 

E
nh

an
ce

m
en

t 

h- K0
S L L

±
X X

±
W+W

±

0 1 12

WA97: central 158 A GeV Pb - Pb

2 3

Enhancemen t GR OWTH with
strangeness antiquark conten t.

Enhancemen t is here de¯ned with respect to the yield in p{Be col-
lisions, scaled up with the num ber of collision `wounded' nucleons.
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ENHANCEMENT AS FUNCTION OF REA CTION V OLUME
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The gradual onset of enhancemen t with reaction volume predicted within ki-
netic strangeness pro duction mo dels, see e.g. Phys.Lett.B389:586-594,1996, also
in Acta Physica Polonica Review p1116 Fig 37.\Canonical enhancemen t" (an
equilibrium mo del) predicts wrong A and

p
s dependence
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ENHANCEMENT at low SPS Energy
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A t 40A GeV we still see a strong volume dependent hyp eron en-
hancemen t, in agreemen t with exp ectations for decon¯ned state
formation.
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RHIC (ANTI)HYPER ON ENHANCEMENT
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REA CTION MECHANISM OF PAR TICLE PR ODUCTION

several exp erimen ts since 1991 demonstrated symmetry of m? spectra of strange
bary ons and antibary ons in bary on ric h environmen t, also observ ed at RHIC.

In terpretation:
1. Common matter-an timatter particle formation mechanism,
2. No reannihilation in sequel evolution: free streaming hadrons.

App ears to be direct ¯nal state hadron emission by a quark source.
Fast hadronization con¯rmed by abundan t yield of hadron resonances at RHIC
and HBT particle correlation analysis: same size pion source at all energies
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High m? slope univ ersalit y
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¥¡ ; ¥¡ Spectra RHIC-ST AR 130+130 A GeV
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PRL92 (2004) 182301
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REA CTION MECHANISM OF PAR TICLE PR ODUCTION

v

QGP

f
CONCLUSION
Practically no hadronic `phase' !
No `mixed phase' either!
Direct emission of free-streaming
hadrons from explo ding ¯lamen tation QGP

Dev elop analysis to ols viable in SUDDEN QGP HADR ONIZA TION

This means that study of hadronic particle will
a) allo w to understand prop erties of hadronizing ¯reball
b) consideration of (semi)conserv ed quan tities (bary on num ber, entrop y) allo w
us to look deeper in to the early history of the ¯reball.

Possible reaction mechanism: ¯lamen tation/¯ngering instabilit y when in expan-
sion pressure rev erses.

Fast expansion of the ¯reball will lead to super cooling whic h in turn helps us
understand the sudden nature of the ¯reball breakup.
NEXT: see magnitude of supercooling.
Than turn to understanding of the data using Statistical Hadronization Mo del:
will talk about resonances and a bit more on quark chemistry , and SHARE
mo del, before showing some results.
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Phase boundary and `wind' of °o w of matter

Solid: poin t hadrons Tp

Dashed: ¯nite size

Dotted: Tc(¹ b)jPef f ¡B =0 for
v2 = 0; 1=10; 1=6; 1=5; 1=4; 1=3.

Thic k solid: breakup with
v = 0:54 (· = 0:6)
PRL 85 (2000) 4695

DEEP SUPER COOLING
by 20 MeV

( poin t hadrons
( ¯nite size hadrons

vc = 0:54 !

( ====

Ã P = 0

" TH
TH = 158MeV Hagedorn temp erature where P = 0, no hadron P
Tf ' 0:9TH ' 143MeV is where supercooled QGP ¯reball breaks up
equilibrium phase transformation is at ' 166.
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STATISTICAL HADR ONIZA TION AND RESONANCES
Fermi (micro canonical) -Hagedorn (grand canonical) particle `evap-
oration' from hot ¯reball:particles pro duced in to accessible phase
space, yields and spectra th us predictable.
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f W~0

HO W TO TEST SH:
Study of particle yields with
same quark conten t, e.g. the
relativ e yield of ¢(1230)=N ,
K ¤=K , §¤(1385)=¤, etc, whic h is
controlled by chemical freeze-
out temp erature T:

N ¤

N
=

g¤(m¤T)3=2e¡ m¤=T

g(mT)3=2e¡ m=T

Resonances decay rapidly in to `stable' hadrons and dominate the
yield of most stable hadronic particles.
Resonances test both statistical hadronization principle and per-
haps more imp ortan tly , due to their short and div erse lifespan
characterize the dynamics of QGP hadronization.
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OBSER VABLE RESONANCE YIELDS
In varian t mass metho d: construct invarian t mass from decay pro d-
ucts:

M 2 = (
p

m2
a + ~p2

a +
q

m2
b + ~p2

b + : : :)2 ¡ (~pa + ~pb + : : :)2

If one of decay pro ducts rescatter the reconstruction not assured.

Strongly in teracting matter essentially non-transparen t. Simplest
mo del: If resonance decays N ¤ ! D + : : : within matter, resonance
can disapp ear from view. Mo del implemen tation:

dN ¤

dt
= ¡ ¡ N ¤ + R;

dD
dt

= ¡ N ¤;
dN ¤

rec

dt
= ¡ N ¤ ¡ D

X

j

h¾Dj vDj i ½j (t)

To obtain the observable resonance yield N ¤
rec we in tegrate to the

time t = ¿ spend by N ¤ in the opaque matter, and add the re-
mainder from free space decay. Regeneration term R / h¾I N EL

Di vDi i ½i

negligible since pro duction reactions very much weaker than total
scattering. Hadronic matter acts as black cloud, practically all in
matter decays cannot be reconstructed.
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TW O resonance ratios combined

natural widths spread ¡ § ¤ = 150MeV
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Dep endence of the combined §¤/(all ¤) with K ¤(892)=(all K) signals
on the chemical freeze-out temp erature and HG phase lifetime.

Even the ¯rst rough measuremen t of K ¤=K indicates that there is no long liv ed
hadron phase. In matter widening mak es this conclusion stronger.
Aw ait forthcoming STAR § ¤ yields.
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Resonances are di±cult

Measuremen t of hadronic resonances is very di±cult. Preliminary
results are often not ¯nal. Consider STAR at QM2004:

¢ ++

p + Resonances+ Br¤ + Br§ + Br¥
= 0:24§ 0:06

Stripping the weak decay contributions this means

¢ ++

p + Resonances
' 0:5

Now we recall that there are ¢ ++ ; ¢ + ; ¢ 0; ¢ ¡ but only two nucleons.

¢ ++ + ¢ + + ¢ 0 + ¢ ¡

p + n + Resonances
' 1

This means that all nucleons are descendants of ¢ , so no direct pro-
duction of nucleons, no other resonances... CAN HIS BE TR UE?

In my opinion: The ¯nal value will be 2{3s.d. smaller
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QUARK CHEMISTR Y

When we compare yields of particles of di®eren t quark conten t we
need to consider chemical poten tials, in principle one poten tial for
each hadron! Simpli¯cation: follo w quark conten t and remem ber
that quarks are pro duced in pairs.
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Particle yields in chemical (non)equilibrium
The counting of hadrons is conveniently done by counting the va-
lence quark conten t (u; d;s; : : :), and it leads to characterization of
HG equiv alent to QGP phase. There is a natural relation of quark
fugacities with hadron fugacities, for particle `i'

¨ i ´ ¦ i °
ni
i ¸ ki

i = e¾i =T

but for one complication: for historical reasons hyp eron num ber is
opp osite to strangeness, th us ¹ S = ¹ b

3 ¡ ¹ s, where ¸ 3
q = e¹ b=T; ¸ 2

q = ¸ u¸ d.
Example of NUCLEONS:
two particles N; N ! two chemical factors, with ¸ 3

q = e¹ b=T; °N = ° 3
q;

¾N ´ ¹ b + T ln °N ; ¾N ´ ¡ ¹ b + T ln °N ;

¨ N = °N e¹ b=T; ¨ N = °N e¡ ¹ b=T:

Meaning of parameters from e.g. the ¯rst law of thermo dynamics:

dE + P dV ¡ T dS = ¾N dN + ¾N dN

= ¹ b(dN ¡ dN ) + T ln °N (dN + dN ):

The (bary o)chemical poten tial ¹ b controls the particle di®erence
= bary on num ber. ° regulates the num ber of particle-an tiparticle
pairs present.
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Some issues in description of hadron yields

1. FAST phase transformation implies chemical nonequilibrium, see `Ga¶dzicki
horn': the phase space densit y is in general di®eren t in the two phases. To
preserv e entrop y (valance quark pair num ber) across the phases need a jump
in the phase space occupancy parameters ° i . This replaces the jump in volume
in a slow reequilibration with mixed phase.

2. Incorp orate the complete tree of resonance decays please note:
not only for yields but also most imp ortan t for spectra.

3. OPTION: Pro duction weight with width of the resonances accounts for ex-
perimen tal reaction rates

Full analysis of exp erimen tal results requires a signi¯can t numerical e®ort. Short-
cut pro jects pro duce results whic h alter physical conclusions. For this reason
the Krak¶ow-T ucson NA TO supp orted collab oration pro duced a public package
SHARE Statistical Hadronization with Resonances whic h is available e.g. at

http://www.ph ysics.arizona.edu/ ~torrieri/SHARE/share.h tml

Lead author: Giorgio Torrieri. Online SHARE: Steve Steink e
http://www.ph ysics.arizona.edu/ ~steink e/shareonline.h tml

Aside of particle yields, also PHYSICAL PR OPER TIES of the source are avail-
able, both in SHARE and ONLINE. No ¯tting online (serv er to o small), just
check your program.
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CAN WE ESTIMA TE THE EXPECTED ° HG
s ?

COMPUTE EXPECTED RA TIO OF ° HG
s =°QGP

s
In sudden hadronization, V HG ' V QGP, TQGP ' THG,
the chemical occupancy factors accommo date the di®eren t magnitude of particle
phase space.

! T = 170; °q = 1 OR T = 150; °q = 1:6

° HG
s =°QGP

s in sudden hadronization as function of ¸ q. Solid lines °q = 1, and short
dashed °q = 1:6. Thin lines for T = 170and thic k lines T = 150MeV, common to
both phases.

° HG
s ' 2:::5° QGP

s
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STRANGE PAR TICLE EX CIT ATION FUNCTION: WE CAN

Allo wing chemical nonequilibrium we see
that between 20 and 30GeV the ¯t jumps
from highly unsaturated to fully saturated:
from °q < 0:5 to °q > 1:5. This pro duces
the horn (b elow). The ¯ts have reasonable
qualit y, in particular those relev ant to un-
derstanding how the horn is created.
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SUMMAR Y OF FIT RESUL TS
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PHYSICAL PR OPER TIES

Note the large jumps by factor 2{3 in densities (to left) and pressure (on righ t)
as the collision energy changes from 20 GeV to 30 GeV. There is clear evidence
of change in reaction mechanism. There no di®erence between top SPS and
RHIC energy range.
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RHIC200 dependence on centralit y=dep endence on energy

°s 6= 1 °s; °q 6= 1 Note: °q moves from under-saturated to over-saturated value,
P; ¾; ² increase by factor 2{3, E=TS decreases, just as we saw it as function of

p
s.
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STRANGENESS PR ODUCTION: quan tities of in terest

STRANGENESS / NET BAR YON NUMBER s=b
Bary on num ber b is conserv ed, strangeness could increase sligh tly in hadroniza-
tion. s=b ratio prob es the mechanism of primordial ¯reball bary on deposition
and strangeness pro duction. Ratio eliminates dependence on reaction geometry .

STRANGENESS / ENTR OPY CONTENT s=S
Strangeness s and entrop y S pro duced predominan tly in early hot parton phase.
Ratio eliminates dependence on reaction geometry . Strangeness and entrop y
could increase sligh tly in hadronization. s=S relation to K + =¼+ is not trivial
when precision better than 25% needed.

HADR ON PHASE SPA CE OVERPOPULA TION
°s; °q allo w correct measure of yields of strangeness and bary on num ber, prob e
dynamics of hadronization, allo w fast breakup without `mixed phase'.

and much more......
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RHIC200 s=band s=S dependence on centralit y

Chemical equilibrium ¯t has limited validit y; ° s 6= 1, °q; ° s 6= 1
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Charm and bottom at LHC
Giv en high energy threshold charm (and certainly bottom)hea vy °a vor is be-
liev ed to be pro duced predominan tly in initial parton collisions and not in ther-
mal relativ ely soft collisions. Will it thermalize?

Yc¹c ' 150¡ 300; Yb¹b ' 5 ¡ 15

Precise prediction is a challenge to nLO pQCD since it requires parton distri-
bution and initial time evolution within colliding nuclei. Thermal yields are at
10-30% for charm, negligible for b¹b.

No signi¯can t reannihilation exp ected in dense matter evolution. The phase
space occupancy rises rapidly . The way it works: assuming e®ectiv e thermaliza-
tion of local distributions, the in tegral of the Boltzmann spectrum yields at each
local temp erature T:

Nc = k VT3 °c(t)

s µ
m

T(t)

¶ 3

em=T(t); VT3 = Const. ; k =
g

2¼2

r
¼
2

:

Since at hadronization mc=T ' 10 and mb=T ' 30 the thermal yields need to be
multiplied by large °c, or resp. °b to main tain the initially pro duced yield. We
exp ect ABO VE equilibrium yields. Since e.g. J=ª / ° 2

c we exp ect multi charmed
meson, bary on pro duction enhancemen t.
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Thermal Charm Example at LHC

thermal charm as function T, the time
dependent local temp erature.

Total thermal charm yield as function
of initial temp erature.

SHARE online version allo ws computation of thermal charm yields of all particles
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Strangeness at LHC has some surprises
A t LHC fast dilution of initial high densit y phase. Strangeness is slower to
reequilibrate chemically . Initial high yield preserv ed, this leads to overp opu-
lation of phase space at hadronization. Here, let us estimate the maxim um
possible. Limits generated by condensation boundary . For pions, an kaons
limits are: ¼ : ° 2

q · e
m¼
T ; K : °s°q · e

mK
T ! ° s=°q · e

mK ¡ m¼
T ! K =¼

Exp ect a shift toward strange meson pro duction. Aside of K =¼shown, the en-
hanced °s=°q will enhance other strange particles.
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STRANGENESS AND QGP DISCO VER Y

1. Energy excitation functions and centralit y dependence is now available

2.

Structure between 20 and 30 GeV understo od
within chemical nonequilibrium mo del, same typ e
of sudden behavior change as is seen in centralit y
dependence.

The winner poor looser

3. If QGP ¯reball: strangeness nearly equilibrated at hadronization. Overp op-
ulates HG phase space.

4. Features of strange bary on and antibary on spectra demonstrate sudden breakup,
absence of reequilibration, suggest super-co oling

5. Resonances help prob e the dynamics of hadronization, test SHM.

6. Standarized programs and online web page available for SHARE (statistical
hadronization with resonances)

7. Charm emerges as the next °a vor signature of QGP

Have we found QGP: as much as Colum bus discovered WestIndies. Further
study will show, but there is a lot of `gold' to be found anyw ay.
My opinion: `valon' quark decon¯nemen t at A GS, transition to pQGP at SPS.


