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Explore QCD phase structure by HIC
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Explored QCD phase diagram 20 years ago
by theorists
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Explored QCD phase diagram 10 years ago
by theorists
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Explored QCD phase diagram now
by theorists
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Confirmed QCD phase diagram
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Searching for the QCD CEP
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II. The QCD CEP
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Location of CEP:

Critical point estimates:
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Lattice QCD
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Small baryon number density region
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Location of CEP: DSE
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Location of CEP: NJL
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Searching for the QCD CEP
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Higher Order Fluctuations of Conserved Quantities
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Measurement of Higher Order Fluctuations
of Conserved Quantities
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How to determine the location of CEP?
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What we are not going to answer:
Predict the location of CEP from theory

Different models give different locations of CEP, even
the same model with different parameters give different
locations of CEP.

What we are willing to answer:

1. What’'s the universal feature of CEP?
2. What information of the CEP can be read
from experimental measurement?
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Ill. Locating the CEP

Zhibin Li, Yidian Chen, Danning Li, M.H.,
arxiv:1706.02238
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Holographic Duality: Gravity/QFT

AdS/CFT :Original discovery of duality

J. M. Maldacena, Adv. Theor. Math. Phys. 2, 231 (1998)

Supersymmetry and conformality are required for AdS/CFT.

Holographic Duality: (d+1)-Gravity/ (d)-QFT

Strongly Coupled

. Quantum Gravity
Gauge Theory
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Holographic Duality & RG flow

Coarse graining spins on a lattice: Kadanoff and Wilson

_ § r |- i,
H = JI(“E)@ (‘E) J(x): coupling constant or source for the operator

-ua—i.g[;r-, u) = Bi(Ji(z,u),u) arXiv:1205.5180
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Holographic Duality & RG flow

QFT on lattice equivalentto GR problem from Gravity
RG scale -> an extra spatial dimension

Coupling constant -> dynamical filed arXiv:1205.5180
J@|UV — (I)z|3
Pl i e e
uv ////////////// /\ 0
//////////////

/ / E .

The extra dimension plays the role of energy scale in QFT,
with motion along the extra dimension representing a
change of scale, or renormalization group (RG) flow. 24




A systematic framework: Graviton-dilaton system
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CEP: (T¢,u5%) = (0.121GeV, 0.693GeV)

Phase transition line

0.15¢

Three chemical freezeout lines o



Higher Order Fluctuations of baryon number

g _ O"[P/T7]
" Oug/T]" Experiment measurement
of baryon number fluctuations
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Universal feature:

Phase transition: Ridge + hallow sword shape mountain at CEP
Freezeout: foot of the mountain
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Sa’iM

BES Phase-l measurement indicates a peak may show

up around 5 GeV, CEP is located around 3GeV

Z.B Li, Y.D. Chen, D.N. Li, M.H., arXiv:1706.02238
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Comparing with NJL model
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Dominant contribution from gluon-
dynamics at low baryon density? 30



V. Conclusion and Outlook
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Which results are model dependent?
= The location of the CEP

Which results are model independent?

= Universal feature along phase transition with CEP

Phase transition:

4 Ridge

 Sword shape mountain at CEP
d Hollow inside the CEP mountain

Freezeout:
J crosses the foot of the mountain or the flat land
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Which results can we conclude from Exp.?

= Measurement of higher order baryon number fluctuations
Is along the freezeout line, which is below the phase
transition line;

* The measurement of higher order baryon number
fluctuations can tell us how far the freezeout line is away
from the phase transition line;

= The measurement tells us that CEP is not located at small
baryon number density region;

= The show-up of a peak of higher order baryon number
fluctuations along freezeout line is due to the existence of
the CEP mountain nearby (Lucky!!!).
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BES Phase-I measurement indicates a peak may show

up around 5 GeV, then CEP is located around
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How does the system evolve from phase
transition line to the freeze-out line ?

(b) /F
/#; \.\"‘x |. Along the surface of

the mountain, which iIs
determined by stability
I condition

-~

403\ .

-> No sign change
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The sign and magnitude
at freeze-out
IS most important!

Il. Out-of equilibrium,
without the constraint of
stability condition

-> Sign change ?

K4(T)

1 1 L L L 1 L L 1 L L L L L 1 L L L L 1
0.5 0o s L 1.5

S.Mukherjee, R.Venugopalan, Y.Yin,
Phys.Rev.Lett. 117 (2016) no.22, 222301
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Warning: The CEP measured might not be the
same as real QCD predicted

Finite size effect, freeze out, ...... these effects

may shift the location of CEP, but the CEP mountain
might be broadened (more chances for Exp.)

Thanks for your attention!
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