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WHAT IS GeD ?
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CHIRAL SYM METRY

There 15 another qualitative difference
between T<4<Te awd T HTe,
associated with a qualitative §oqtkire
of the QLD vacuum.

= 0 =i . pf
ch.b =? NN ?QR ‘2
= ra\«.ons only

L s aSlver mdex, (=U,d (2 massless
| S lwvors, Lor "W)
L oep 18 Symmetric under:

gud), ¥ SU IR |
but: predictions of +uis symmetry {-9_.! _{.
€9 P"Gch"'S Y pions aud on(3 3 oxisT,

RE soLuTiow: L mvariont, but 16> net:
=
<°\ Y qlg \ O»é‘#” O
=g {d «iWTE
- only symmetric under Suéz\.,,g

- Can po'm'l' n ene oQ -Qour dicections
ie: Gu,dd,Gd,du or: @, T' W%, T3



($or now, M, =myz0 3 Mg s co)
The QCD vacuum (+ue g9 pairs 'erein)
15 otdered Llavor space,
(c‘qu,g> 40 Condensate “picks o

Jirection’ awmeng Y previously
QQM'IVa\CH‘(' o?'Hons_ T 10_ ‘I{
T

- called C-direction. 1
-points in Same T :
direction evety«ol«re. T /( t

{IHEO 4L TS =0
Could have po'm’l‘ed any direction. %
i which direction of T undulates

associated with massless pions.
( Goldstone's 'Hneofem)
My = 14O Me\l . Lish{-os"' haJroA.

( My 2O &2 Wa,#O)
ﬁ)_B'. H‘Oav'moss O'c othar hadrons (?3 ?a")
tan be seen as due Jo their

'U\"""O.C'H ou w.)“‘! ( & Bhrbauce OC) CD\\::"en-

waves



. CHIRAL  SYMMETRY RE sTORA TION

e wits
"waves ou the i M/’\
conden sete ") but (\/71 i

XG4 > still uonaeto. Stll a preferced
divection. Symmetry still broken.
a.ka. a gas of Pions

T ATOVEe SoHE e
= =
Brbropy wins over 24185
order, “Cond ey gete LS

$ctambled . Disordored. <§?> -0
Al) directions egq uivaleat,
WChIRAL gy pmETRY RE STORED

W Uet 18 T:,? lattice ca/cu/a‘(-hus

ladicate T~ M0 - 190 Mel/
~2 X0'% Keln




T#E QReD DPHASE TRANS ! T/ION

T‘“T‘: ; WIS
hadtons .'.. Plaswma of q,uarks
ConSine ment ' and 3luo us, whiel

'S wealr.lb 'm‘\“eracﬁuj
Sor T-=» 00,

e - -
- - - = FRp

("“oﬁa'('ed w'.'('b\ (.(Aa-v-se N sy MWO"‘V‘_!,

& ma\lcpuarks—’ oo)
chital Symmetry | cliral symmetry
6f0ﬂ”|uvseou slg ; restored

broken




B TN

Qc) near . > - componen'f'
MAﬂue{- near

s Te.
t
2 Ha s ZM order
o Fransition.
B, T . D\a""
"’\.T T
- Colwlati ons +esi®

Gay~(T.-T)F atm zoth expt, at (eost
g=.373 £ .00 for 3 -component

< Vs magquets.
<1cb> ~(Mu,4) at T=Te
1/6 =.20% +.00l|

Twese rl‘oJicﬁons -’;rom Maan-eﬂ 'flbl"

QLD being tested by Siku lation Of
9 uerks aug gloous on worlds ‘g'“?;:grs



T(MeV), assuming T, =170 Me\.
(05-@':Wc£"e “$ Wo<Te< 190)
T (MeV)
% « T wr——ideal @GP
R A\ | DECoNFINEHE
> 8 ' : £
4 0.6 GeV/fm3=¢, - (fopji- N &
: ; THE
Pion Sas = 1j0 115 2.IO 2I.5 SIO 3I5 ; #A‘DPD/U S>
K L ., |
Peikoct (Heine) ! Te ‘
VTR T | CIHRAC
- : SYMMETRY
’::"142' = R EéToRAT/D/‘/
e (MELTING THE
| VA CUUH)
e S ol THE
My 20 TTILE
Y (/‘gunmj uu'r('s) L A

o smooth crossaver



WHAT ARDOT THE STRANGE QUARE?
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THRER MNEwW LATT/CE F/E THoDs

@ Qewe‘csh-{-i,‘a, Fodor + Kate
Wawt ?ky;'ws a"'@'é(ﬂ: 7:«)
Simulate ot (B)= (0,7%), aud
"reweiqht”: luwp differance detumy
Phy sics c‘-@ aud wto
Dbservables . i \
Dig-c'wul'hj ~e¥?\'l ® @\1

T
FtK choose Ty to minimige 2.

BUT: Cannet use metkod
at la.rse veluwmes.




FodortKate

Illillllllilll

T (MeV)

170 -HHHHH ' quark-gluon plasma§

: {{}}{{} TTtendpoint 3
e & -
E hadronic phase E
150 | =

"i![l]llll[ll'lll'll'l"

0 200 400 600 800 1000
Ky (MeV)

Ochggsmer (/4\ q,uH'e 'Gl&"'.

¢ tlawm To locate end PO""‘L o/

CAVEATS ¢ V= 4% g3 8 is

smeeell

(makes me wouder how They
beted ewd Po'ud' $o accumhls )

e recall : C,‘_*_'.‘_'.t So'fb V- o0

* N0 Coutinuum 'x"”"?""ﬁ“ %e+
o light g uarks hof light exsvgh
[ end poiut Too far right )
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Chemical freeze—out in the T—p, plane

40 and 80 AGeV yields also fitted

g
40 AGeV 80 AGeV 158 AGeV W
T (MeV) | 148+ 2 155+ 4 50+2 >
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X}/NDF | 14.8/4 S.Nﬁv 235 / 11 Missg
- \ 17.
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@ Freeze—out parameters on a
(relatively) smooth curve ® NA49 2
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CERES wuses a variable Zar“‘ Jz’,(T:'"')

g (MeV)
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Fig. 10. The fluctuation measure £,,. as function of \/syy and of up at chemical
freeze-out [30]. The full circles show CERES results (after SRC removal) in central
events at 40, 80, and 158 A GeV/c. The brackets indicate the systematic errors.
Also shown is the STAR result [31] at \/syn = 130 GeV which is not corrected
for SRC. Results and statistical errors from RQMD and URQMD calculations (with
rescattering) are indicated as solid and dashed lines, respectively.

the critical point of the QCD phase diagram. At SPS energies and for the finite
rapidity acceptance window of the CERES e neriment, the fluctuations should
reach values of about 2%, i.e. more than thre: 1imes larger than observed in the
present data®. Most important, no indication for a non-monotonic behaviour
as function of the beam energy has been observed. This suggests that the
critical point may not be located in the up regime below 450 MeV.

The results from RQMD and URQMD show rough agreement with the data,
except for the URQMD calculation at 40 A GeV/c where £, is negative (see
Fig. 10). We note that a positive value of £, = 0.381013% is obtained from

? The predicted fluctuations in the measure v/F = 1.1 in [13] corresponds to about
2% in Z,. in the CERES acceptance [33].
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THE DIFFICULTY WiTH DENS!TY
Why are we s+3//¢sk:n3 basic gueshons
about Q¢ at high M, low T, like '
e Symmetry of ground stfe 7
NO LATTILE CALCULATIONS
MEO > omplex Euclidean acton
=¥ Sian problem +thet makes Ji¢f,icu/¢_¢,
of Staudard Moute larle ~C 7.

Equally nasty siqu probles cau be solved
in simplor sygtems, -
sisv\ 'PPDUOM May alse be eVOJQJ?.

"DAD ]-/4..':‘." 3
{. Q+ smau v’ ’mu ,‘/T B:.l-‘:’-(.u.kué,a .]'-’-.a:t;.-:ﬁrlk. etal

| -
1.4«_!:‘%-50’1’. raun A eSe

A Caleulete gt Im M ; Continug obﬂémbb's.
Werks at mfr<T/3 \ can be large.

(z{,e Coccrauwd w /

wwiea’y, AEBlia Lowberds
- Moy be wseed ‘o loeai'e critical powt,

) Mbdiey the “@of‘g . (eolor Sup ercondu chvil
Studied ou lattice -‘pf’h&‘sz{* Q¢d e&-{&:z
VO BVASion PoSS IBLE For Gup ot p > T
* use smealluess of q ot pusco

o use Mmodels at accegsidle At .




W H COLOR SUPEKDOPVDOCT/VITY?

La‘.%e o —> q,u.o.r-ks ‘91“&”\% Fermi Sea
P v o (au‘&e Ferwmi euerafa.‘(EP)
asjmp'i-o-"ic freedom — u_-’__ei_k

interactions Petween guarks
at Ferm: surface.

BUT auy attractive nferaction, no
matter how weak, —

CobVER PhIRS 3 - {aqp
One 6(!1.0'\ ekc"\aase_ (cé ‘;h_s_‘f"au'('oo\ ‘mf'eroc'h'a«)

attractive w color 3.

Cnp need o resort ‘o PIMDKOKS; oo
9qpercond-uc+iui4-<3 rnore tobust 1 D
Hoan wm wmetls. H‘.s\wr ¢,/Ep.)
(q,q,>’ ce Cooper pails og q,u.ar(cs)

':$.cl¢c‘h‘fc % cdor cui reuts s«perconduct

- mass Sor photoa ¥ (sowe) aluons (D)
- Meisguer ecsecﬂ.(kaswe“c <
(olor wagquetic $ields ecludes.)




AP AND T

M_U_l-_c_"_l work (that T woill not r‘ev‘ne«ﬂ

Susﬂeg-l-s +hat @/uq:v SO0 MoV r'-\/lﬁ: :f—lcleur
net U_\

A £ 100 MeV
T. & 506 MeY

ND"’Q’ -rc. /e= ~ |/uo -b"r_l-l-_l;‘. '$ AIGL\TG S-C'!

Two classes of methods ~ oqafee 3

() medels nNocTma li zed +o0 M=0 physics
(AlSerd ;k-R) Lo, {CE‘@L) &s?}?? Sck &QQP, ,glw.u:jq[a) Velkaus é,ﬂc,/
E""&*-S) Car'l-er‘) Dia.kouov, Evau s, Hs(,c.) *s’»;b,u)d'g).,...

(i) weak -coupling QD cal et lations , valid
‘GN‘ /A % 00 ; 3 “20 . (0 uau#hﬂ‘)@(ﬂ) vel;d
for 4 £1 whicdh weaus /42,/0‘/‘&\/ Kf,;w.--oa

A v o~ S NR ( am?
. P Y I - e
p 256T ( r.) 3* éxp oF )

¥

——— Vpr—— e

Scludberilel; Puarsky, Rischkes Howy, Mirmsky, Do

Shovkovy, f"':z'\f-“’dn‘JLau-)- Buaus Moo Celadl &

_Brovom Liw, Ren; gM:Bda-; we, Qu.l:!_j(; KE, 5&;4;1.-@0‘“'; Ristbe, Wougs....

Fa~ exp(- V'&) tomes Lrom &iu:.rame . Swall ceugle &#en'«j
via exchange of tns ¢ reened (,M-a.aoue@'c. %luou,g:

——e A - 1= ngn% Quﬁ-

A~
BCs tollinear & ver-geunce



