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Intermittency
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NA49(poster@QM, and submitted to arXiv later)

Critical Aluctuations of the proton density in A+ A collisions at 1584 GeV
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Studies of QCD suggest the existence of a critical point in the phase diagram of strongly interacting
matter. Close to this pomnt, according to recent theoretical investigations, the net-proton density
carries the critical fluctuations of the chiral order parameter. Using intermittency analysis in the
transverse momentum phase space of protons produced around midrapidity in the 12.5% most central
C+0C, S5i+5i and Pb+Pb collisions at the maximum SPS energy of 1584 GeV we find evidence of
power-law fluctuations for the Si451 and Ph+Pb data, The fitted power-law exponent approaches
the value expected for critical fluctuations. This suggests that the freeze-out states of these two
systems are located in the phase diagram in the neighbourhood of the chiral eritical point.

arXiv:1208.5292v1 [nucl-ex] 27 Aug 2012
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NA49(poster@QM, and submitted to arXiv later)
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Coordinate space & Momentum space

¢ coordinate space rapidity: 7

¢ rapidity: y
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Coordinate space & Momentum space

¢ coordinate space rapidity: 7

¢ rapidity: y

\4 \ 4 \ J \ 4

v Biatas & Peschanski DtRIEFlowE LW (E D FEY G M o= (Standing Fireball)
cf. long emission time as a signature of 1st order phase transition
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Coordinate space & Momentum space

¢ coordinate space rapidity: 7

¢ rapidity: y
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Importance (Inevitability) of FSI

SPS
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Trace Anomaly?

Jamie Nagle
University of Colorado
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Trace Anomaly?

Transition from Strong to Weak Coupling?

What does Trace Anomaly tell us?
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Caveats of AdS/CFT example

RHIC and LHC give a key lever arm in Temperature.

If the QGP properties are not different, why not?

DI ERIZELELEDIC,
MEEBARI CE>T=RASARZHWTERBALE T
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Interaction Measure

e—3p

= (& interaction measure EFE[ENTLYS
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Interaction measure does not measure interaction

-

At =20

e(T) = Ts(T) — P(T)
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QCD thermodynamics is qualitatively

different above 2-3 T.
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Beware: - Lattice shows g=3pocANgep T

- naive quasi-particle models &—3pocT*

- LHC reaches well beyond T=400 MeV,
where QCD thermodynamics is different

Wiedemann QM2009




STAE

_(Net-)Charge F|UCtuati0nS Asakawa, Heinz, Muller, 00

® D-measure: ) =4

(ONo)")

Jeon, Koch, *00

Ny net charge #

N, N, total #
adrons: quark-gluon: .
@ values of D:; . .. . .
L D ~3-4 large <> small D~1

® When 1s experimentally measured D formed?

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

LRESADHFIBIDHIC/HIPTDRASAR
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Charge Fluctuation

_ ; Asakawa, Heinz, Muller, 00
(Net-)Charge Fluctuations e

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

® D-measure: D = 4

C

quark-gluon:

D~34  large€->small D~1

@ values of D;

o ,
EL4EE . M _
RERifaR: D~3 Counterarguments in

PHENIX *02, STAR 03 Bialas('02), Nonaka, et al.('05)
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ALICE Paper(arXiv:1207:6068) & QM parallel talk
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RHIC Energy Scan
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Proton Number Cumulants and Their Ratios

K 62

(S o)/Poisson

Highe

r Moments of Net-protons
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* Deviation from Poisson baseline in -
5% collisions at >7.7 GeV.
* Above Poisson baseline in peripheral
collisions below 19.6 GeV.

* UrQMD shows monotonic behavior.

* Need precision measurements at low
energies.

Net-proton/Net-charge/Net-kaon
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Aug. 13th, 2012

Luo, 7B, Fri,: McDonald, 7B, Fri.
Li/Sahoo/Sarkar, poster #215/557/394
Quark Matter 2012, Washington D.C.

X.Dong
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Proton Number Cumulants and Their Ratios
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* Most of the results are below unity

* Deviation from Poisson (unity) expectation observed
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* The smaller the rapidity bin, the closer are the values to unity
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L. Chen (STAR Collaboration) @QM2012
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Thanks to last HIC/HIP meeting
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Proton and Nucleon Moments
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Balance Function

Relevant charge carriers:

Jeon, Koch, PRL 85, 2072 (2000).
Asakawa et al., PRL 85, 2076 (2000).

.

f O.... 3 ® -.0.1
G: .‘@E’S;;B O.,%:b;o oic®
O _ee 00° (0 ‘.:‘
® o0 0.".'.-0 0

QGP: Charge unit = fractional

* |dentify relevant charge carriers

* Depends strongly on the originating

phase
* Event-by-event net-charge
fluctuations:
(NN, -D) (N(V.-D)) , (NN)

Vieam) =

vy

CAR AT

QGP properties

Hadron Gas: Charge unit =1

2 — =2 2
,58/ - fﬁnJr c{therm
expenmnt / ‘determined by
diffusive breakup temp.
QM 2012 - Washington - 14.08.2012 5

Balancing charge separation:
Bass, Danielewicz, Pratt, PRL 85, 2689 (2000).

* Correlation of balancing charges

Collective motion

Initial charge separation at freeze-out

Time of hadronization

* Balance function (e.g. for An):
(AD)=N,.(Ap) N (An) N_ (An)}

=10 .icl ._.
i i -
- _

8. Dfmf:

B(Am)= { -

+

Weber, QM2012
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Balance Function

B(An)

Afa) Centrality 0-5%

—

(b) Centrality 30-40%

Balance functions (An)

(c) Centrality 70-80%

Pb-Pb |5, = 2.76 TeV
7 —@— ALICE data

=&~ ALICE shuffled data

=B ALICE event mixing data
ALICE
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An
 Experimental definition: B(An)=;{N+(A")];NH(AWHN*(A”;N(A”)}

» Shuffled events: break charge-momentum correlation
(acceptance effect) L. ¥
* Mixed events: break momentum correlations -
(charge dependent effects on acceptance) o
« Data: Mixed events subtracted (important for Ag) =

QM 2012 - Washington - 14.08.2012

N
-

" Shuffling _

Weber, QM2012
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Balance Function

Centrality dependence (Data)

Data:
* Strong centrality dependence
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Balance Function
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Scott Pratt Michigan State University

Charge fluctuations
and balance functions

‘Measure separation
of balancing charges
-Can signal delayed
hadronization

[Ba!ance Function, Au+Au, \F 200 GeV, Charged Pairs |

—#— (.95 < Centrality < 1.00
—=— 0.90 < Centrality < 0.95
~-| —=— 0.80 < Centrality <0.90 |-

0.70 < Centrality < 0.80
—#— (.60 < Centrality < 0.70

0.50 < Centrality <0.60 |...
~—u— 0.40 < Centrality < 0.50

II|III[|IIII

S. Pratt, QM2002
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Balance Function

Balance Function Width

%Charqe fluctuations and balance functions

Balance Function Width
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V5 Incomplete NCQ scaling
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NCQ scaling: violation ~ 10% at pr~1.2 GeV/c

NQ (mrt) scaling: stronger violation vs RHIC.

For further discussion of the mass splitting and
comparison with hydro, see talk by F. Noferini

i 9

Quark-Matter 2012, Washingtew DC, Augeust 13-18, 2012
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Nonperturbative Gluonic Dynamics?

[ Bass, Miiller, and M. A.. arXiv 1208.2426]

Nagoya Mini-Workshop 2012
"Phenomenology and Experiments at RHIC and LHC"
25-26 September 2012, Nagoya, Japan
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