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What is the holographic duality?
Maldacena, 1997; Witten, 1998, Gubser, Polyakov, Klebanov, 1998

Black hole in asymptotic AdS5

Nonzero T and charge

Strongly coupled 
non-Abelian plasma Classical gravity in d>4

<latexit sha1_base64="me34Q14CjWL2I2Y5kuJ1f38f7cM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gPapWTTbBuaTWKSFUvpn/DiQRGv/h1v/huz7R609cHA470ZZuZFijNjff/bW1ldW9/YLGwVt3d29/ZLB4dNI1NNaINILnU7woZyJmjDMstpW2mKk4jTVjS6yfzWI9WGSXFvx4qGCR4IFjOCrZPaXayUlk/FXqnsV/wZ0DIJclKGHPVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMzunaJTp/RRLLUrYdFM/T0xwYkx4yRynQm2Q7PoZeJ/Xie18VU4YUKllgoyXxSnHFmJsudRn2lKLB87golm7lZEhlhjYl1EWQjB4svLpHleCaqV6t1FuXadx1GAYziBMwjgEmpwC3VoAAEOz/AKb96D9+K9ex/z1hUvnzmCP/A+fwDOAo/V</latexit>⇡
DUALITY

“Calculations in strongly coupled plasmas using black holes”

Nonzero T and charge
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+

Anti-de Sitter (AdS) space

How is this used to find the QCD CP? 

Black hole (brane)
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Nearly perfect fluidity

Nonzero Hawking 
Temperature and charge
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DeWolfe, Gubser, Rosen, PRD (2011)
Finazzo et al, JHEP (2015)
Rougemont et al. PRL (2015), JHEP (2016),PRD (2017)
Critelli et al, PRD (2017)
Grefa et al, PRD (2021), PRD (2022)
Hippert et al., 2309.00579 [nucl-th] 

+ MANY OTHERS!!!

https://arxiv.org/abs/2309.00579


Black hole engineering in AdS

• Black hole solutions of Einstein-Maxwell-Dilaton equations 
See the review by Rougemont et al, Progress in Particle and Nuclear Physics 135 (2024)

Dilaton field dual to

5

<latexit sha1_base64="EtDf44IosXuz35XTDiVYLvzi+zE=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRFqsuiIC4r9AVNLJPppB06MwkzE6GE7tz4K25cKOLWX3Dn3zhJu9DWAxcO59zLvfcEMaNKO863VVhZXVvfKG6WtrZ3dvfs/YO2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4OvM7D0QqGommnsTE52goaEgx0kbq28ceQ2LICPQ40iPJ06ac3txXoSdzuW+XnYqTAy4Td07KYI5G3/7yBhFOOBEaM6RUz3Vi7adIaooZmZa8RJEY4TEakp6hAnGi/DT/YwpPjTKAYSRNCQ1z9fdEirhSEx6Yzuxatehl4n9eL9HhpZ9SESeaCDxbFCYM6ghmocABlQRrNjEEYUnNrRCPkERYm+hKJgR38eVl0q5W3Fqldnderl/N4yiCI3ACzoALLkAd3IIGaAEMHsEzeAVv1pP1Yr1bH7PWgjWfOQR/YH3+AL7DmT8=</latexit>

hTrF 2i



Black hole engineering in AdS

Fit the lattice 
entropy density
at
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µ = 0
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See the review by Rougemont et al, Progress in Particle and Nuclear Physics 135 (2024)

• Black hole solutions of Einstein-Maxwell-Dilaton equations 

Dilaton field dual to
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Black hole engineering in AdS
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Aµ =) U(1)B

5d gauge 
field

Conserved 
baryon charge

Dilaton-Maxwell
coupling Fit the lattice 

2nd order baryon 
susceptibility
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µ = 0

7

See the review by Rougemont et al, Progress in Particle and Nuclear Physics 135 (2024)

• Black hole solutions of Einstein-Maxwell-Dilaton equations 

Backreaction from quark flavor branes (approx. of DBI)
(describes chirally symmetric phase)



Finite density properties

• Powerful, predictive model for baryon-rich QGP
• Real-time calculations (e.g. transport, hydro) possible

e-Print: 2309.00579 [nucl-th]
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Grefa et al, Phys. Rev. D 104, 034002 (2021)
Grefa et al, Phys. Rev. D 106 (2022) 034024

Lattice: Borsányi et al, PRL 126 (2021)

https://arxiv.org/pdf/2309.00579


Precise determination of phase diagram
e-Print: 2309.00579 [nucl-th]

Fast and precise new algorithm = ripe for statistical analysis!

Thousands of black holes!

CP
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https://arxiv.org/pdf/2309.00579


How do the many parameters affect CP?
e-Print: 2309.00579 [nucl-th]
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Phys. Rev. D 96 (2017) and Phys. Rev. D 104 (2021)

Phys. Rev. D 96 (2017)

https://arxiv.org/pdf/2309.00579


Bayesian black hole engineering

• How do we make sense of these parameters?
• Are CPs always present in these models? 
• How do lattice results affect CP location/existence?
• Bayesian inference analysis is needed!

e-Print: 2309.00579 [nucl-th]
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Bayesian black hole engineering
e-Print: 2309.00579 [nucl-th]
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Bayesian black hole engineering
e-Print: 2309.00579 [nucl-th]

Mauricio Hippert
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Bayesian black hole engineering
e-Print: 2309.00579 [nucl-th]
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• Flat prior for parameters • 20% of prior samples give no CP

prior

https://arxiv.org/pdf/2309.00579


Bayesian black hole engineering
e-Print: 2309.00579 [nucl-th]

Models overlap
Robust results!
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µB(
p
s) : PRC 93, (2016)

95%

68%

All posterior predictions for CP location collapse around these regions

https://arxiv.org/pdf/2309.00579


Location of CP from holography

Different holographic 
models (EMD, DBI, etc)!

Small spread constrained by lattice!
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Location of CP from holography
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Borsanyi et al, PRL (2020)



Location of CP from models: 18 years ago
M. Stephanov, Lattice 2006 Plenary talk, arXiv:hep-lat/0701002
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https://arxiv.org/abs/hep-lat/0701002


Location of CP from models: 18 years ago
M. Stephanov, Lattice 2006 Plenary talk, arXiv:hep-lat/0701002

CURRENT ESTIMATES
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https://arxiv.org/abs/hep-lat/0701002


Location of CP from models: 18 years ago
M. Stephanov, Lattice 2006 Plenary talk, arXiv:hep-lat/0701002
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Current estimates for the CP location

Restricted range
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Tc ⇠ (80, 140)MeV

µc ⇠ (500, 800)MeV

2405.10278

2405.10196



Current estimates for the CP location
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µBc/Tc



Conclusions
• First Bayesian inference analysis of CP location constrained 
by lattice results at zero net baryon density:

• Other approaches (FRG,DSE, FSS, Pade, etc) predict CP 
in a similar narrow range.

• They didn’t have to agree, but they do: who ordered that?
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