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£ Future LHC Experiments

Map the QCD phase diagram
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Where is QCD Ciritical Point
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Fluctuations
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‘ Event-by-Event Analysis @ HIC

WoE, RUBRDE—AUHML,
event-by-eventfZ4T Tl &RBI 1 TE S,

STAR, PRL105 (2010)
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Higher Moments @ STAR
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Fluctuations at QCD Critical Point

Stephanov, Rajagopal, Shuryak ’98,°99
® 2 order phase transition at the CP.

_-_ baryon # susceptibility

C divergences in fluctuations of )

( *p, distribution
freezeout T’
*baryon number,

\_ _ proton, chage, ... Y

® Higher order moments has stronger € dep near the CP. Stephanov, *09
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_ 1 Asakawa, Heinz, Muller, 00
(Net-)Charge Fluctuations 500

2 .
® D-measure: D = 4 <((5 Ny) > Ng: net charge #

N, N, total #
4 )
hadrons: quark-gluon:
@ ® .‘ ® @

® values of D:

_ D~3-4 large €< —>small D~1

® When 1s experimentally measured D formed?

*Conserved charges can remember fluctuations
at early stage, 1f diffusions are sufficiently slow.



(N et-)C ha rge Fl U Ctu ations Asakawa, HG’:inz, Muller, 00
: - - ‘ Jeon, Koch, ’00

<((5NQ)2> Nq: net charge #

® D-measure: [) =4

N, N, total #
4 )
hadrons: ‘ quark-gluon:
@ @@ ® o
® values of D: . ®
@9 “@
_ D~3-4 large €< —>small D~1

= =+ . _~ .
RERifaR: D~3 Counterarguments in
PHENIX '02, STAR 03 Bialas('02), Nonaka, et al.('05)




Bar_yon Number 4th/2nd

Ejiri, Karsch, Redlich, *05

® Ratios between higher order moments (cumulants)

n,_2+1 m., =220 MeV - =
2 RBC- Blelefeld 09 =2, m_=770 MeV
Resonance gas
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4th/2nd at u =0 reflects the
charge of quasi-particles.
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Take a Derivative of g Asakawa, Ejiri, MK, PRL103 (2009)
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® Xy has an edge along the phase boundary gé
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As changes the sign at
s QCD phase boundary!

g

g _ 1 9°Q _ <(5N3)2>
ST o’ VT

oy,  19Q ((6N,))
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® Note: <

= m,(BBB) |: third moment
of fluctuations

® m,(BBB), my(BBE), m;(BEE), m,(EEE),

m3(QQQ), m3(QQE), and m3(QEE)
all change signs at QCD phase boundary near the critical point.




Impact of Negative Third Moments

* ® Once negative m;(BBB) is established, it is evidences that

(1) xg has a peak structure in the QCD phase diagram.
(2) Hot matter beyond the peak 1s created in the collisions.

Q éi *No dependence on any specific models.
*Just the sign! No normalization (such as by V).



' 2-flavor NJL;
MOdel Anal.ySIS G=5.5GeV-2, mq=5.5MeV, A=631MeV

~——
.
cw

200 Fr—

e
-~
o
S
~
e
-~

~ ~
\\ e
_—
ae oo
~ D~
» s ~
- ~ -
~
Se .~
. N
. ~
- N
G ‘\ “

T [MeV]
S

o

M

m

50 r QQE —_—

0 0.2 0.4 0.6 0.8 1

*Regions with m,(*EE)<0 exist even on T-axis.
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6th/2nd & 8th/2nd
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c6 on the lattice 2>

BEAIC

Shokov, et al. (2011)
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Cheng et al. ‘08



‘ 4t Order Near the CP

Stephanov, 1104.1627

Kurtosis changes the sign
around the CP
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Hadron Resonance Gas Model& ® LEER
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NCQ scaling of V2

B. Mohanty, Plenary
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