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LHC wedge: U/1T <4.5 1073
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questions: 1) CEP coordinates & HEE
input: p(T) & susceptibilities from IQCD

2) bulk viscosity
input: p(T) from IQCD

3) do hadrons exist at f.0. ?
input: hadrons in vacuum

tools: holography (AdS/CFT correspondence)
bottom-up engineering
(due to missing top-down from string theory
or QCD dual)
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Einstein-dilaton-Maxwell in 5D
(holographic QCD w/o gluons & quarks)

. 1 1 ... o () .
5 \ y 4
N
u=0 U(1)
- Einstein egs. + EoM charge = U
\ J
Y
dictionary: 5D Riemann = 4D MinkowskKi
N y
Y

AdS + §Chwarzschild BH}

"~ y

. . black brane/horizon
space-time with

ccccccc

Member of the Helmholtz Association
B. Kampfer | Institute of Radiation Physics | www.hzdr.de



aAdS )
n
=
O
'
=
|
mapping out the manifold , i g
by various coordinates: §: i e
= L3
: dr* £y i °
ds? = e*A) (—h(r)dt* 4 d7?) + P ! L >
(r) rH=0 infinity
1.2 fl(::)—gcim(z} ( N\, ) B 122 B {_1._, Z
ds© = e 3 f(z)dt® —dzx f()) ohiH 0
é ‘ é i ’ ([(:Jz
ds® = f‘%y‘(—/u‘itz — (’l’.;;f_"_}) + 2B }
:
z, r ... = holographic coordinate v TN HZDR

Member of the Helmholtz Association
B. Kampfer | Institute of Radiation Physics | www.hzdr.de



1) Phase Diagram: CEP, FOPT, HEE

strategy: encode 2+1 QCD gluons & quarks in V(phi), f(phi)
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important: pattern of isentropic curves
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entanglement entropy: Sgg := —Tr4palnpy
pA = 118 prot
_ Area(y.)
— Ryu, Takayanagi (2006)
4GE\(§+1)
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2) Bulk viscosity in LHC wedge
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3) Freeze-out
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holographic vector mesons in probe limit

1

action: Sy = a /dLlI dz \/ﬁe_q)(’z’f)F2

EoM: (0 — (Up —m3)) ¢ =0
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popular requirement: U(T = 0) - Regge spectrum
(radial excitations n)

- FOPT:. 2+1 QCD in chiral limit (cf. Columbia plot)
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2+1 QCD input (cross over) = no discrete hadron states

Gursoy, Kiritsis, Mazzani, Nitti (2009), pure gluon sector:

a gapped, discrete spectrumat T =0
facilitatesa FOPT atT >0

no-go conjecture within EAM model & probe vector mesons:

either FOPT & Regge spectrum
or cross over & meson melting setsinatT =0

—> beyond probe limit (backreacted hadrons),
add systematically flavor to gluon dynamics, =) ~=zDR
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Second-order phase transition
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- - Kiritsis et al. (2008):
p(BH) ~ Nc”2

p(therm.gas) ~ O(Nc”0)
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opposite way: start with
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Summary of holographic EAM model

1) phase structure & CEP coordinates prediction
HEE (cut-off) yields same information

2) bulk viscosity = 50% shear viscosity (2+1 QCD)
100% (SU(3) YM) predictions

3) vector mesons in probe limit: no-go conjecture
either
dilaton potential to match QCD thermodynamics

—> no hadrons at/below CO Tc desaster
or
Schrodinger equivalent potential for Regge states
9 FOPT desaster
o
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Columbia Plot
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(a) First order scenario in the m; — m, 4 plane

EPJ Web Conf. 175 (2018) 07032, Philipsen et al.
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Chesler & Yaffe

ds* = —Adv? +¥? [ePdal + e?Pd2?] +2dv (dr+ Fdz)

i

0=x"+1(B")x, (2a)
0=X%[F" - 2(d3B) — 3B'd3B] + 4¥'d3 X% ,
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Vector mesons in AdS/CFT — extended soft wall model
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5D gravity conf. symmetry breaker sourced by gy*q
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soft wall (probe limit): A(z) =In (L/z)?
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Schrodinger equivalent potential
for modes in Klein-Kaluza decomposition of V in axial gauge
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Crossing the phase border line
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—L*Vi(®) = 12exp(a®® + bd?)
—L*Vo(®) = 12cosh(y®) + a®* + hd*
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