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• Strongly-coupled gauge fields


• ‘Colour space’ (thermo)dynamics
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Small black hole could be new partial deconfinement playground


Examples:


• Jokela, Pönni, Vuorinen [1508.00859]


• Dias, Santos, Way [1605.04911, 1702.07718]
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Also:

11D Schwarzschild black hole in M-theory 


 

partial deconfinement in D0 matrix model


(Bergner et al. [2110.01312])
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Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).

L

black hole

uniform 

black string

β=1/T

Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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 SU(N) dSYM on ,  𝒩 = 1 ℝ3 × S1 θ = π
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Holography

Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Holography

Figure 6: [Top] The distribution of Wilson line phases, uniform (left), non-uniform but not
gapped (middle) and gapped (right). [Bottom] The counterparts in gravity side. Uniform
black string (left), non-uniform black string (middle) and black hole (right).
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β=1/T

Figure 7: A cartoon picture of phase diagram of 2d maximal SYM on spatial circle. Lc ⇠

�1/3 at high temperature, Lc ⇠ �1/2 at low temperature.
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Holography
Questions:


a. Where is GWW point?


b. What are the details of the partial confinement dual?


c. Coincides with symmetry breaking?
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Questions:

a. Is the partial phase stable?


b. Is the ‘crossover’ a true transition?


c. Does SB coincide with GWW?χ

QCD and the quark-gluon plasma
Source: A Bazavov et al. 1407.6387



Questions:

a. Is the partial phase stable?


b. Is the ‘crossover’ a true transition?


c. Does SB coincide with GWW?


d. Bound states and dynamics?


e. Collider signature?

χ

QCD and the quark-gluon plasma
Source: A Bazavov et al. 1407.6387
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Flux tubes: conjecture
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Confined subsector:

⟨P⟩ = 0.2

M
N

∼ 0.5



Partially deconfined
Confined subsector:

⟨P⟩ = 0.2

M
N

∼ 0.5

∝ − V(L)

⟨P
† P⟩

co
n



Partially deconfined
Confined subsector:

⟨P⟩ = 0.2

Deconfined subsector:

M
N

∼ 0.5

⟨P
† P⟩

de
c⟨P

† P⟩
co

n

∝ − V(L)



Partially deconfined
Confined subsector:
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Partially deconfined
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partial confinement?
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Summary
Centre Chiral
✔ ╳ Confined
╳ ✔ Deconfined
╳ ╳ Partial

Quark-gluon plasma
⟨P⟩

Holography

Linear potential Global symmetries

Mysterious phase

explanation



Open questions
1. Stable phase in quark-gluon plasma?


a. Is the partial phase stable?


b. Is the ‘crossover’ a true 
transition?


c. Does SB coincide with GWW?


d. Bound states and dynamics?


e. Collider signature?

χ

2. Holographic mapping


a. Where is GWW point?


b. Details of partial confinement dual?


c. Coincides with symmetry breaking?
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