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deconfinem
ent

for lattice QCD / real world deconfinement 
see talk by Szabolcs Borsanyi

for sign/phase problem and complex analysis methods 
see talk by Francesco Di Renzo

for deconfinement related to chiral symmetry 
see talk by Sayantan Sharma

Understand Effect of Gauge Topology on Deconfinement in Toy Model

for deconfinement extended into magnetic direction 
see talk by Lorenzo Maio

similar in spirit to talk by Maximilian Attems
for holography concepts see talks by David Mateos

https://indico.ectstar.eu/event/111/contributions/2579/
https://indico.ectstar.eu/event/111/contributions/2580/
https://indico.ectstar.eu/event/111/contributions/2582/
https://indico.ectstar.eu/event/111/contributions/2587/
https://indico.ectstar.eu/event/111/contributions/2579/
https://indico.ectstar.eu/event/111/contributions/2591/
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Summary 

• add Skyrme matter 

• Skyrme matter = gauge fields 

• novel black hole solutions with 

non-trivial gauge field topology 

• gauge field topology affects 

Hawking-Page transition

Deconfinement  =  

transition

for deconfinement related to chiral symmetry 
see talk by Sayantan Sharma

➡holographic deconfinement is affected by gauge field topology; analytic!

Understand Effect of Gauge Topology on Deconfinement in Toy Model

for deconfinement extended into magnetic direction 
see talk by Lorenzo Maio

similar in spirit to talk by Maximilian Attems
for holography concepts see talks by David Mateos
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1. Holographic Deconfinement: Hawking-Page (HP)
[Hawking,Page; (1983)]Hawking-Page (HP) phase transition (boundary topology ! ) 

• between thermal AdS !  

!   

with temperature given by !  

• and AdS !  black hole 

!  

near the horizon 

!  

with Hawking temperature 

!    with minimum value !   at !  

• comparison of on-shell actions evaluated on each solution 
  !     yields transition temperature:         !  

S3 × S1

5

ds2
thermal = (1 + r2/L2) dτ2 +

dr2

1 + r2/L2
+ r2dΩ2

3

τ = τ + 1/Tthermal,

5

ds2
black hole = (1 + r2/L2−m /r2)

f(r)

dτ2 +
dr2

1 + r2/L2−m /r2
+ r2dΩ2

3

ds2
black hole ≈ f′�(rh)(r − rh)dτ2 +

dr2

f′�(rh)(r − rh)
+ r2

h dΩ2
3

TH =
| f′�(rh) |

4π
=

4r2
h + 2L2

4πL2rh
Tmin =

2
πL

rh =
L

2

Sthermal − Sblack hole ∝ L2 − r2
h = 0 THP =

3
2πL

SEH =
1
κ ∫ d5x g (R − 2Λ)

Action: Einstein-Hilbert

https://link.springer.com/article/10.1007/BF01208266
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AdS 
black 
hole ?

thermal AdS L=2

L=3
L=5

L=1

!Tmin

L is “size” of AdS

https://link.springer.com/article/10.1007/BF01208266
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• strongly coupled thermal Conformal Field 
Theory (CFT) at large number of colors !  
have phase transition dual to HP transition 

• these are deconfinement transitions    
(Wilson loops calculated) 

• specific example: N=4 Super-Yang-Mills 
(SYM) is holographically dual to Einstein-
Hilbert action with negative cosmological 
constant (AdS5)

Nc

!5

1. Holographic Deconfinement: Witten’s Interpretation

[Witten; (1998)]

[Witten; (1998)]

[Maldacena; (1997)]

S3

S1

×
radius !

1
TH

radius  !β′ � holography concepts mentioned  
see talks by David Mateos, Matti Jarvinen, Maximilian Attems

https://arxiv.org/abs/hep-th/9803131
https://arxiv.org/abs/hep-th/9802150
https://arxiv.org/abs/hep-th/9803131
https://indico.ectstar.eu/event/111/contributions/2579/
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2. Einstein-Skyrme Model

Action:

Cosmological constant:

Skyrme matter Lagrangian:

SU(2)-valued Lorentz-4-vector: 
(pure gauge field) Skyrme field  U

∈ SU(2)

Skyrme coupling

e =
ẽ

8πG
Dimensionless Skyrme coupling:

kinetic Skyrme coupling

gravitational 
coupling
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2. Einstein-Skyrme: Equivalence to Merons

Einstein-Skyrme theory has the same action (and equations 
of motion) as a particular Einstein-Yang-Mills theory.

➡ allows interpretation as consistent truncation of type 
IIB Supergravity on asymptotically AdS5 dual to N=4 SYM 
on !  with an SU(2) subgroup of the R-symmetryℝ1 × S3

Meron action: 

Identifications:

lead to Skyrme action, recall: 

Yang-Mills coupling
Proca mass

and choose !  (merons are half-pure-gauge)|λ | =
1
2

[Manton,Sutcliffe (2004)]

https://doi.org/10.1017/CBO9780511617034
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3. Novel Topological Skyrme AdS5 Black Hole
[Cartwright,Harms,Kaminski; JHEP (2021)]

Coordinates: 

Gauge configuration: 

Metric: 

mass 
parameter

with
Skyrmion 

contributions

Pauli matrices: 

https://arxiv.org/abs/2010.03578
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3. Interpretation within Dual Field Theory

SU(2)-current vanishes in field theory:

= 0
Two trace contributions:

external field  
(explicit 

breaking)

conformal 
anomaly of 

N=4 SYM 
on !ℝ × S3

[Cartwright,Harms,Kaminski; JHEP (2021)]

https://arxiv.org/abs/2010.03578
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3. Interpretation within Dual Field Theory

SU(2)-current vanishes in field theory:

= 0

Explicit field configuration of SU(2)-gauge field:

Two trace contributions:

external field  
(explicit 

breaking)

conformal 
anomaly of 

N=4 SYM 
on !ℝ × S3

➡gauge field configuration has non-
trivial topology with Chern number 
n, counting how often coordinate 
sphere wraps SU(2) sphere

Gauge fields map !Aa
j τa(x) : S3 → S3

S3
coordinate S3

SU(2)

[Manton,Sutcliffe (2004)]

[Cartwright,Harms,Kaminski; JHEP (2021)]

https://doi.org/10.1017/CBO9780511617034
https://arxiv.org/abs/2010.03578
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3. Thermodynamics of Topological Skyrme AdS5 Black Hole

Hawking temperature 
“quantized”:

TH =
|A′�(rh) |

4π

Entropy is “quantized”:

TH

[Cartwright,Harms,Kaminski; JHEP (2021)]
[Cartwright,Harms,Kaminski,Thomale; Class.Quant.Grav (2022]

!Tmin

AdS 
black 
hole ?

thermal AdS

https://arxiv.org/abs/2010.03578
https://arxiv.org/abs/2201.00105
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4π

Entropy is “quantized”:

TH

[Cartwright,Harms,Kaminski; JHEP (2021)]
[Cartwright,Harms,Kaminski,Thomale; Class.Quant.Grav (2022]

!Tmin

AdS 
black 
hole ?

thermal AdS

Free energy proportional to renormalized on-shell action  
evaluated on the solution:

F = T Sren

https://arxiv.org/abs/2010.03578
https://arxiv.org/abs/2201.00105
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3. Topology Effects on Hawking-Page Transition
[Cartwright,Harms,Kaminski; JHEP (2021)]

Small Skyrmion effects: 

• larger transition temperature for 

larger n 

• several n at same horizon radius 

e = 106

AdS 
black 
holes

thermal 
AdS

Free energy difference:

Original Hawking-Page transition:

➡ if !  , then black hole phase is preferredΔF < 0

https://arxiv.org/abs/2010.03578
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3. Topology Effects on Hawking-Page Transition
[Cartwright,Harms,Kaminski; JHEP (2021)]

[Cartwright,Harms,Kaminski,Thomale; Class.Quant.Grav (2022]

Large Skyrmion effects: 

• two transitions for larger 

or small black holes           

(!  or ! ) 

• transition radii pushed 

towards extreme  values 

for larger n 

rlarge
h rsmall

h

thermal 
AdS

rlarge
hrsmall

h

small black 
holes

large black 
holes

e = 10

https://arxiv.org/abs/2010.03578
https://arxiv.org/abs/2201.00105
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3. Topology Effects on Hawking-Page Transition
[Cartwright,Harms,Kaminski; JHEP (2021)]

[Cartwright,Harms,Kaminski,Thomale; Class.Quant.Grav (2022]There are many effects:

https://arxiv.org/abs/2010.03578
https://arxiv.org/abs/2201.00105
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Hawking-Page (HP) 
transition 

Summary 

• added Skyrme matter to HP transition 

• Skyrme matter = gauge fields 

• novel black hole solutions with non-

trivial gauge field topology 

Deconfinement  =  

transition

Discussion

     Topological effects on deconfinement 

➡holographic deconfinement is affected 
qualitatively by gauge field topology 

➡2n transition temperatures (shifted) 

➡“quantized” entropy and energy 

➡applications to condensed matter?
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Thank you!
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https://arxiv.org/pdf/1612.00836.pdf
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APPENDIX
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for confinement in light-front holography 
see talks by  
Stanley Brodsky
and Yang Li 

3. Comparison to other Skyrmion dualities

https://indico.ectstar.eu/event/111/contributions/2569/
https://indico.ectstar.eu/event/111/contributions/2574/
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Details of Topological Skyrme AdS5 Black Hole
Energy-momentum tensor:

Topological charge of gauge field configuration: Second Chern number:
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Details of Topological Skyrme AdS5 Black Hole
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Details of Topological Skyrme AdS5 Black Hole

Conserved charge via Komar integral:

Stability condition:

Charge susceptibility:
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Topological Charge: U(1) Example

̂ni = (cos ψ, sin ψ)

S1 S1
U(1)
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