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Is there a chemical nonequilibrium in deconned and/or conned phase?
Can chemical nonequilibrium change the phase transition prop erties?
What is strangeness content in RHIC-200 CERN-SPS?

Is it consistent with decon nemen t?

Where as function of volume and energy is a threshold of decon nemen t?
What is the nature of the phase created at low energies?

We prop ose that the chemically over-saturated 2+1 avor hadron matter system undergo es a
1st order phase transition.
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...and considering Fermi degrees of freedom
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adapted from: THE THREE FLA VOR CHIRAL PHASE TRANSITION WITH AN IMPR OVED
QUARK AND GLUON ACTION IN LATTICE QCD. By A. Peikert, F. Karsc h, E. Laermann, B.
Sturm, (LA TTICE 98), Boulder, CO, 13-18 Jul 1998. in Nucl.Ph ys.Pro c.Suppl.73:468-470,19909.
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....and considering the bary ochemical potential
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adapted from: CRITICAL POINT OF QCD AT FINITE T AND MU, LATTICE RESUL TS FOR
PHYSICAL QUARK MASSES. By Z. Fodor, S.D. Katz (W uppertal U.), JHEP 0404:050,2004,
hep-lat/0402006
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Limiting Hagedorn Temp erature
A gas of hadrons with exponentially rising mass spectrum:
B:Z 1
INZ% = cV 5> m2e™=THm32e ™Tdm+ D(T;M);
M
Cuto M > mg,> Ty is arbitrary , its role is to separate o D(T;M) < 1 . Because
of the exponential factor, the rst integral can be divergent for T > Ty, and the
partition function is singular for T! Ty for a range of a:

8 (a+t5=2) 8 (at+7=2)
1 1 B . 5. 1 1 B . 7.
% T T_H - for a> o % T T_H - for a> 5
1 1 1 1
P(T)! % In =T for a= 3 ! In T o for a= I
H % H
constant: for a< g; ” constant: for a< %:

The energy density goesto innit y for a % when T ! Ty.

Mass spectrum slope Ty appears as the limiting Hagedorn temp erature beyond
whic h we cannot heat a system whic h can have an innite energy density. The
partition function can be singular even when V < 1 .
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Hagedorn Temp erature is:

1. The intrinsic temp erature at whic h hadronic particles are formed, in pp in-
teractions seen as the inverse slope of hadron spectra.

2. This boiling point of hadrons which is the (inverse) slope of exponentially
rising hadron mass spectrum.

3. The boundary value of temp erature at which nite size hadrons coalesces
into one cluster consisting of a new phase comprising hadron constituen ts.

Statistical Bootstrap Mo del is:

1. A connection between hadronic particle momentum distribution and prop-
erties of hadronic interactions dominated by resonant scattering, and expo-
nentially rising mass spectrum.

2. A theoretical framew ork for study of the prop erties of the equations of state
of dense and hot bary onic matter (nuclear matter at nite temp erature).

3. It is not a fundamen tal dynamical theory, in fact SBM is to be motiv ated
today in terms of prop erties of the fundamen tal dynamical approac h (QCD).
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Exp onential Hadron Mass Spectrum
RH discovered that the exponential growth of the hadronic mass spectrum could
lead to an understanding of the limiting hadron temp erature Ty' 160MeV,

The solid line is the t:
(m)  ¢(m;+ m?)*ZexpMm=Ty)

with a= 3, myg= 0:66GeV, Ty = 0:158GeV.

109 |

Long-dashed line: 1411 states of 1967.
- Short-dashed line: 4627 states of 1996.
0
=) 102 | : : : : :
— - Exp erimen tal lines include Gaussian smoothing:
5 X 2
< (m) = ngmiexp (mz—zm) ;

1
i = =2, = 0(200)MeV is the assumed width of the

resonance, excluding the “stable' pion, a special case.

m [GeV]
Note the missing resonances at m > 1.4GeV.
The "pentaquark’ resonances nicely Il this gap.
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Finite Volume Hadron Gas Mo del
The gas of nite size hadrons with exponential mass spectrum has nearly the
same prop erties as a gas of point hadrons with today experimen tally observed
mass spectrum. That is why “statistical hadronization works'.

Point hadron gasin free available volume to have the prop erties of
nite size hadron gas in total mean volume hVi (RH/JR 1978+)

e 7171 5 NZw(T; ;) InZ(T;hi; )
/Z Prop er particle volume in the rest frame
4 Is assumed to be prop ortional to mass.
4 For a gas of moving hadrons, in gas rest-
| frame: hi= + hEi=4B.
< Ei=hi(; )= —@InZ(;hVi;):
v i @
] @
] = @lnzpt( s )= pm( )
1 hi= 1+ x(; )=4B;
E ( . ): IOt( : ) .
- 1 hi | 1+ n( ; )=4B)’
0.1 | | | | | | P = Ppt( ; ) :
100 150 1+ n( ; )=4B
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Chemical Equilibrium  Phase Boundary
Temperature of phase transition depends on available degrees of freedom:

For O avor theory T > 200MeV
For 2 avors: T! 170MeV

For 2+1 avors: T =162 3and appearance of minim um g
we need extra quarks to reach a 1st order transition

For 3, 4 avors further drop in T.

Heavy lons Collision Situation

Exp eriments are carried out in a nonequilibrium environmen t. What can we

exp ect?

Chemical non-equilibrium  can increase or decrease quark “occupancy’,

voring / disfavoring presence of a real phase transition, and thus help/ hinder

phase transition.

Dynamical expansion is enhancing the decon ned phase pressure, expect de-

crease of transition temp erature



u, [MeV]
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Phase boundary and ‘wind'

of o w of matter
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PRL 85 (2000) 4695

Solid: point hadrons T,
Dashed: nite size hadrons

Thic k solid: breakup with
v=054( = 06)
Expansion

SUPER COOLING

by 20 MeV

Ty = 158MeV Hagedorn temp erature where P = 0, no hadron P
T ' 09T ' 143MeV is where supercooled QGP reball breaks up
equilibrium phase transformation used here wasat T' 166
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COLOR WIND of an explo ding reball

P and ": local in QGP particle pressure, energy density, ¥ local o w velocity.
The pressure component in the energy-momen tum tensor:
T = -+ (P +" ) .

The rate of momentum o w vector P at the surface of the reball Iis obtained
from the energy-stress tensor Ty :

v

CVC ﬂ
1

w2

C

The pressure and energy comprise particle and the vacuum prop erties:
P=P, B; "=" +B:Condition P = 0reads:

V¥, R
1 v2'

C

P P a=PR+(P+")

Ba=Pn+ (P, +")

Multiplying  with ®, we nd,

n V (:2 . (VC 'Iq)2 .
B:Pp+(Pp+ p)l V2’ = V2 -

This requires P, < B: QGP phase pressure P must be NEGA TIVE. A reball
surface region which reaches P! 0Oand continuesto o w outward is torn apart in
a rapid instabilit y. This can ONLY arise since matter presses again the vacuum
whic h is not subject to collectiv e dynamics.



J. Rafelski, Arizona  Phasechangesin relativistic heavy ion collisions  LC2005, Cairns, 11 July 2005, pagel2

IS OVERPOPULA TION OF PHASE SPACE POSSIBLE?

pro duction of strangeness in gluon fusion GG! ss

strangeness link ed to gluons from QGP;

dominan t pro cesses:
GG! ss

abundan t strangeness

=evidence for gluons

10{15% of total rate:

coincidence of scales

Mg '

T¢|

S '

QGP}

strangeness a clock for QGP phase

s' ¢! strange antibary on enhancement

at RHIC (anti)h yperon dominance of (anti)bary ons.
at LHC s>> 1 Phase transition for g= 07?
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Thermal average rate of strangeness pro duction

Kinetic (momen tum) equilibration is faster than chemical, use thermal particle
distributions f (p1; T) to obtain average rate:

R, R,
d P1 dRoz 1oV (B T)F (B2 T)
d®py EBpof (p; T (B T)

The generic angle averaged cross sections for (heavy) a vor s;s production pro-
cessesg+g! s+sand g+ q! s+ s; are:

h Vreli T

2 2 4mZ  mi 1 7 3Im?
| = — + .
g ss(S) X 1+ < + 2 tanh “W(s) st & W(s) ;
8 2 2m2 P
q ss(S) = 2753 1+ . S W(s): W(s)= 1 4mZ=s

RESUMMA TION
The relativ ely small experimental value
sMz) ' 0118 established in recent years
helps to achieve QCD resummation  with
runninlg s and mg taken at the energy scale

s. also mg(Mz) = 90 20% MeV i.e.
mg(1GeV)' 2Img(Mz)' 20MMeV.
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Strangeness relaxation to chemical equilibrium
Strangeness density time evolution in local rest frame:

d 2 9
Evolution for s and s identical, which allows to set ¢(t) = 4(t).
characteristic time constant «:

% = Ohvig S+ (1) oOh Vi = 1) t)h viz® 90

s(1) 120 34 1 1 1 .12 34.
2 S AOJT SS; ACO SSt - A 1+, 121 2 h sVi2l 1 :

o
[
.
.

200 250 300 350
T [MeV]
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ENTR OPY CONSER VING EXP ANSION
With mg' O;mg = 0, a sytem of nearly massless quarks and gluons, each thermal
particle contains about 4 units of entrop y, adiabatic expansion preservesnumber
of particles, i.e.

N/ VT3= Const.

The volume expansion and temp erature change such that (T3V) = 0. We intro-
duce phase space occupancy:

nS(t) 3 3 2 Mg
t — t) = (O)T(1)°>=z°K : = , Ki:B I
Strangeness has a mass scale, its time evolution follo ws:
ds 2 dInz*K 5(2) 2 dzK(2)
2 =1 2 =1 + 25 :
S d S S& S d S S Sd KZ(Z)

Last (Logarithmic) term presents the residual e ect of expansion. Note that its
imp ortance grows with mass of the quark, z= m=T.

Without it, there is apprao ch to chemical equilibrium ¢! 1 €% s by strangeness
formation.

Since the volume expansion reduces temp erature, dz=d > O, early on pro duced
strangeness can overpopulate the smaller nal phase space. This eect is more
signi can t for more massive particles. Piv otal role for strangeness due to Ty, ' mq:
strangeness can rise well above chemical equilibrium near to T, and help create
a real phase transtion at zero bary on density.

Requiremen t: intial state hot, and expansion time qgp> s
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0.5

RHIC EXAMPLE

[ | ‘ [ | ‘ [ | ‘ [ | ‘ T ‘ | [ O | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |

T()=To

2 4 6 8 10 12 0.2 0.3 0.4 0.5 0.6
t, [fm] T [GeV]

1 1=3

I+ 20=0(1+ Vo=Rp)Z

d(To) = (0:5cev =Tp)31:5fm : (1)

We took d(Tp = 0:5)=2= 0:75fm, R, = 45fm, o= 1fm/ c.
JR/JL Phys.Lett.B469:12-18,1999
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HOW TO MEASURE

STRANGENESS / ENTR OPY CONTENT s=S
Strangeness s and entrop y S pro duced predominan tly in early hot parton phase.
Yield ratio eliminates dependence on reaction geometry . Strangeness and en-
trop y could increase slightly in hadronization. s=S relation to K™= " is not
trivial when precision better than 25% needed.

STRANGENESS / NET BAR YON NUMBER s=b
Bary on number bis conserved, strangeness could increase slightly in hadroniza-
tion. s=bratio prob es the mechanism of primordial reball bary on deposition
and strangeness pro duction. Ratio eliminates dependence on reaction geometry .
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Strangeness / Entrop y

Relativ e s=Syield measures the number of activ e degrees of freedom and degree
of relaxation when strangeness pro duction freezes-out. Perturbativ e expression
in chemical equilibrium:

S (3= )T3*(Ms=T)*K 2(Ms=T)

— = ' 0027
S (32 253+ n¢[(7 2=15)T3+ 2T]

assumption: O( ) interaction e ects cancel out between S;s

Allo w for chemical equilibrium of strangeness n (2¢P, and possible quark-gluon
pre-equilibrium:
s 0:027 QCP |
S 038¢+ 012 M+ 05 ¢+ 0:054 £(In )2
We expect the yield of gluons and light quarks to approac h chemical equilibrium
st ¢! land @°"! 1, thuss=S/ g
HOW TO USE: FIT YILEDS OF PARTICLES, EVALUA TE STRANGENESS
AND ENTR OPY CONTENT AND COMP ARE WITH EXPECTED RATIO

0:027
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STRANGENESS YIELD IN QGP and {¢P= (?GP

s_ S _ SQGP%TB(ms:T)ZKZ(mS:T)_l S, SGP 0:7 :
@ P i g b e g

assumption: O( ) interaction e ects cancel out between b;s
W e consider mg= 200MeV and hadronization T = 150MeV,

100

QGP vyield at cheémical equilibrium
QGP = égGP -1

10

s/b
B
ENNEET

]l | \\\‘
0.01 0.1 1

A o—1
a

EXAMPLE: SPS Pb{Pb 158 A GeV 4=1.5{1.6, implies s=b' 1.5
Observation: s=b' 0:75! 2= Q6P =05,
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CAN WE ESTIMA TE THE EXPECTED  f©?

COMPUTE EXPECTED RATIO OF H6= Q6P

In fast breakup of expanding QGP, VHG' yQGP TQGP: THG

the chemical occupancy factors accommo date the dieren t magnitude of particle
phase space. Chemical equilibrium in one phase means nonm-equilibrium in the
the other.

6 |
6 — _
o, 4 —
&}
& — —
| 3
@}
T »n
o~ 2 = - -
1 = T T
0 \
1 1.5 2

HG= Q6P golid lines qHG =1,

Probably appropriate: short dashed HG- 1:6.

Thin lines for T = 170and thic k lines T = 150MeV, common to both phases.
HG+ 3 QGP
S S
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ESTIMA TE THE EXPECTED qHG
QGP has excessof entrop y, maximize entrop y density at hadronization: o I en
Example:maximization  of entrop y density in pion gas E = m2+p?
Z
ddp d%k 1
SeF = 1 f)in(2 f) fiInf]; f (E)= ;
BiF 2 ~)3[ 1 f)in(l f) ] (E) 2E T 1
Pion gaS 5 i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 ] 0.5 i 1 1 1 1 I I I
prop erties: - T = 142 [MeV] : i
N -particle, AL ——  S/V [tm] o4l T =142 [Mev) P
E-energy, - N/V [fm9] C - £/s o
S-entrop v, - ——  E/V [GeV fm™] 1 [ o= N/S
V-volume 403 —— E/N .7 -
as function Pttt
Of (of - 02 _””,f"’ ]
Joaf 777 b o]
oL | |
0.5 1 1.5
7q
NEXT: HOW WE MEASURE s, observe thresholds of phases?




Resonance contribution
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STATISTICAL HADR ONIZA TION
Hyp othesis (Fermi, Hagedorn): particle production can be de-
scrib ed by evaluating the accessible phase space.

Veri cation of statistical hadronization:
Particle yields with same valance quark content are in relativ e chemical equilib-
rium, e.g. the relativ e yield of (1230)=N asof K =K, (1385%F , etc, is controlled
by chemical freeze-out i.e. Hagedorn Temperature Ty:

1.0 T I I I

’ T=140 MeV | N _ g(mTp)*e ™™
0.9 1 ——- T=160 MeV | N~ g(mTy)¥2e ™
o8- P T=180 MeV
07 | Resonances decay rapidly into ‘sta-
0 | | ble' hadrons and dominate the yield
! K of most stable hadronic particles.
05 - i
oal ¥ 1 Resonance yields test statistical
| hadronization principles.
0.3 ~ ]
0 | | Resonances reconstructed by invari-
o weo | ant mass; important to consider po-
0L | tential for loss of observabilit y.
0.0 !

0.0 15 HADR ONIZA TION GLOBAL FIT: !
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Statistical Hadronization ts of hadron yields
Chemical nonequilibrium implies phase space with additional -parameters:
The phase space density is in general dieren t in the two phases. To preserve
entrop y (the valance quark pair number) across the phase boundary there must
be a jump in the phase space occupancy parameters .

This replaces the increase in volume in a slow re-equilibration with mixed phase
whic h accomodates transformation of entrop y dense phase into dilute phase.

Full analysis of experimen tal hadron yield results requires a signi can t numerical
eort in order to allow for resonances, particle widths, full decay trees, isospin
multiplet sub-states.

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.arizo na.edu/~orrieri/SHARE/share.h tml

Lead author: Giorgio Torrieri nucl{th/0404083 Comp. Phys. Com. 167, 229 (2005)
Online SHARE: Steve Steink e No tting online (server too small)
http://www.ph  ysics.arizon a.edu/~steink e/shareonline.h tml

Aside of particle vyields, also PHYSICAL PROPERTIES of the source are avail-
able, both in SHARE and ONLINE. Several papers use this to ol: nucl-th/0412072
(PR C in press) and nucl-th/0506044 [address impact parameter], nucl-th/0504028
[E-dep endence], hep-ph/0506140 [LHC]
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, K , pand p. The errors are systematic

only. The statistical errors are negligible. PHENIX data
N part ¥ K* K
351.41286.4 24.2,281.8 228|489 6.3 |457 52 |184 26 |135 1.8
299.0/239.6 20.5(238.9 198|401 51 |378 43 |153 21 114 15
253.9 12046 18.0(198.2 16.7|33.7 43 |311 35128 18| 95 13
215.31173.8 1561674 144,279 36 |258 29 106 15| 79 11
166.6 | 130.3 1241273 116|206 26 | 191 22 81 1.1 59 0.8
114.2| 87.0 8.6 844 80 |132 1.7 123 14 | 53 07 39 05
744 | 549 5.6 529 5.2 8.0 0.8 7.4 0.6 3.2 05 24 0.3
455| 324 3.4 31.3 3.1 45 04 | 41 04 1.8 0.3 1.4 0.2
25.7| 170 1.8 16.3 1.6 22 0.2 20 0.1 093 0.15/0.71 0.12
134 79 0.8 77 07 089 0.09/0.88 0.09({040 0.07/0.29 0.05
6.3| 40 04 39 03 |044 0.04/042 0.04/0.21 0.04/0.15 0.02

include STAR data on K and

yields.
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s=band s=Srise with Iincreasing centralit y A/ V; E/s falls

s/B

—
WO o~ O

o
o

|

—
o

100

Showing results for both o <61
and when 4 = 1 is assumed.
REASON: there is some hesi-
tance to accept a T ' 140 when
qg! 16 No dierence in this
result:

s=S | 0027 as function of V
no saturation for largest volumes
available. Result consistent with
QGP expectation. 8P ' 1, con-
rmed by s=B. Indication that
physics is dieren t for most two
central reaction bins.
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also

RHIC200 results: dependence on centralit y
—, 160¢ ] = F D 0.15
— 155 F 4 E 5 E 3 -
L = 4 X - 3 -
= 150 3 3 ; 50 3 0.1 -
— 145 [ = BT : 1 > O0.1F
E A = = 4 B
= 140 E = =5 E E } -
= | (W - J1 B
135 ;llll 1 1 1 llllll 1 1 ; —_ 600 _llll llllll 1 1 0.05 -—
_15F = § 400 | - o bl
& ] = X 1. :
1 ? _E E 200 —: E: 30 |
0-5 llll 1 1 1 llllll 1 lE w 0 ; >\ E
1.5 F H . 5 1 & *0F
o C 1 = 4 3> n
N - 1 & 15 100F
IR S st L LRt 4 £ 3 R
B - : b 1 _g O -IIII 1
0'5 1 1 llllll 1 l; O E :
— 30F B . o 1, 2F
Q ’ ¢ 3 w0 S = "
= =0 = & oos E n
i E . e = O & ---tim’d-!‘rEW"E g :
O Ellll 1 1 | T I I | 1 1 E 0'7 lII| IIIII| 1 | — -III ,
10 100 101 102 10
A A
LINES: 5 g6 land 61 =1,

q changes with A / V from under-saturated
creases steadily to 2.4, implying near saturation

in QGP. P; ;

2{3, at A > 20 (onset of new physics?), E=TS decreases with A.

Statistical
normalization

by 10%

+ t errors are seenin uctuations,

A

to over-saturated value,

100

s —

&
<= in-

increase by factor

systematic error impacts absolute
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SPECT ACULAR: direct evidence for phase threshold

&K T

~

| Rise of s - Rise of d
i :_ decrease of bary on densit
- o
0.2 I % l
_ Y J
i A
0.1 A % % %
| g’% % A+A:
i W NA49
B A A AGS
_ op+p * RHIC
0 Lo L
1 10 10°

\[Syy (GeV)

The NA49 (Marek Gazdzicki)) HORN
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The horn requires a shift in 4

<o ™ - Looking a the t 2 we see that between
- o= sps 30 20 and 30GeV results favor that ¢ jumps
< - ¢ = SPS 80 ] from highly unsaturated to fully saturated:
- L - RHIC 200 - from 4< 05to > L5 This produces the
5 1.5 —* g — horn (below). The individual ts relevant to
g - oo, : understanding how the horn is created have
T B N L - good qualit y - see P%.
— AAA ﬁgAAAIﬁAKaégéAAA N
B AL AAD Oog D---E *‘”‘“‘Qﬁag& _
— AAAAi:D o, 2a —
0.5 = mﬂ!l..m‘i __ 0.25 —
0 I ENENENE B RN RN B RN R B i
B AAAAAAA:= N B ]
80 L AAAA _.'- oo _ B ]
- Lo e 1t oz2f .
- N - < 1 F - )
1—01 60 __ AA .- DDDD{} {}{}{}%Zz __ +\ : :
5 - - LE S gn® o~ . = . ]
A 40 __ A DD-:AE{A}AAAAAAA i __ : :
_ 2o & - 0.15 - 7]
20 — g_-“ — N i
0 MQ;:T Coa o b v b ]

0O 0.5 1 1.5
7a

V)
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COMP ARE pm and V dependence of s=band s=S, E=s

2 F = 10 =1 s61 =
0 g A/ g m 9 _é
} 1 ’ = > 8 E
- 0:2-" dN=dy; “ 7 =
= 4 s/(5b) 3 6 o s61 =
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Full 4 and central rapidit y results. 0

We again nd s=S! 0027 as function of " Syy and V: no saturation, consistent
with QGP expectation and 2°F' 1, cgnrmed by s=B.

Energy/strangeness E=s cost drop at = sfj, suggests appearance of a new (e.g.
GG ! ss) production mechanism.
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SUMMAR Y OF P sy FIT RESUL TS: Statistical parameters
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PHYSICAL PROPERTIES as function of P SNN
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Note that behavior is the same as we saw as function of A: the large jumps by
factor 2{3 in densities (to left) and pressure (on right) as the collision energy
changes from 20 GeV to 30 GeV. There is clear evidence of change in reaction
mechanism. There no dierence between top SPS and RHIC energy range.
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Why low/high PHASE BOUND ARY Temperature?

Dynamical e ects of expansion:
colored partons lik e a wind, displace the boundary

Degrees of freedom

{ Temperature of phase transition depends on available degrees
of freedom.
For 2+1 avors: T=162 3 for ¢! O
2+ 1! 2 avor theory with T! 170MeV,
what happ ens when ¢! 157

{ The nature of phase transition/transformation changes when
number of a vors rises from 2+1 to 3iseect of ;> 1creating
a real phase transition?

at high g we encounter

{ either conventional hadrons (contradiction with contin uity of
quark related variables: strangeness, strange antibary ons).

{ or more likely, a new heavy (valon) quark phases.
Under saturation of phase space compatible with higher T.
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Sample of LHC predictions:

physical prop erties and particle yields
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X: chemical equilibrium reference. Prediction: use E=TS = 0:78

For

g.s; g In addition extrap olate E=B or/and S=h
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Excursion to Pentaguarks
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hadronization allows to explore the rate of pro duction of pentaquarks

whic h depend on chemical potentials [PR C68, 061901 (2003), hep-ph/0310188];
"(1540)is best looked for at low reaction energy.
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Questions with answers
Is there chemical nonequilibrium?
In QGP: strangenessector. HG: light and strangesector fast nonequilibrium
transformation
Can chemical nonequilibrium impact phase transition prop erties?
Behavior as function of Ny suggestshat °F > 1 helpsestablisha true 1st
order phasetransition for g! O.
What Is strangeness content from CERN-SPS to RHIC-200?
Gradual rise as function of collision enelgy of the yield s=S (per entropy),
saturating the QGP phasespce at RHIC, expected further increaseat LHC .
Is it consistent with decon nemen t? Other strangeness evidence
for decon nemen t?
Thresholdseen in s=S, s=band E=s.
Where as function of volume and energy is a threshold of decon-
nemen t? D
6:26GeV< = s{ < 7:61GeV Bulk properties alsoresmpnd at that threshold.
Softer thresholdat A' 20
What Is the nature of the phase created at low energies?
Phaseunder-satuatesphasespce, prolablyinvolvese ectively massivequarks.
To understandE=TS one can invoke thermal quarkswith m "' 2-4T.




