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Context:
- “Top-down” models in holography.

P QCD
In this talk:

‘ ﬁ - Introduce a 3D confining theory,

- argue that confinement is caused by

Q 6’ P monopole condensation, (phase diagram

with external magnetic field),
- towards baryonic states.




- Confinement in holography:

Vqg ~ Length of the string D ?
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- Confinement in holography: D2-branes

Uv
i fibered
Vqq ~ Length of the string > o over
___________________________________________ ...l ... IR

[Bryand & Salamon (1989)], [Gibbons, Lu & Pope (1990)], [Cvetic, Lu & Pope (2001)]
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D2-branes

- Confinement in holography:

\\ Viqq ~ Length of the string } 2 s i

- Solution in type 1IA supergravity:

F5 < (Kahler form) H=20
Fy < #Q)ops + additional terms

- What is the gange group?
U(N)g x U(N)_x  (ABJM would be a solution)

[Bryand & Salamon (1989)], [Gibbons, Lu & Pope (1990)], [Cvetic, Lu & Pope (2001)]
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D2-branes

- Confinement in holography:

\\ Viqq ~ Length of the string } 2 s i

- Solution in type 1IA supergravity:
=0 H+#0
Fy < #Q)ops + additional terms

- What is the gange group?
U(N)x U(N+ M), and preserve N=1 SUSY

[Bryand & Salamon (1989)], [Gibbons, Lu & Pope (1990)], [Cvetic, Lu & Pope (2001)]
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D2-branes

Confinement in holography:

\\ Viqq ~ Length of the string } 2 s i

Solution in type IIA supergravity:
=0 H+#0
Fy < #Q)ops + additional terms

What is the gauge group?
U(N)x U(N+ M), and preserve N=1 SUSY

The theory cascades to U(M) in the IR.

[Bryand & Salamon (1989)], [Gibbons, Lu & Pope (1990)], [Cvetic, Lu & Pope (2001)]
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D2-branes

- Confinement in holography:

fibered

Vqg ~ Length of the string D ?

[Bryand & Salamon (1989)], [Gibbons, Lu & Pope (1990)], [Cvetic, Lu & Pope (2001)]



Monopoles and Confinement (4 /a2 Polyakov)
U(N) x U(N +M)

- Polyakov proved confinement in QED3. Gas of Abelian monopoles.

- To check this, we can add local magnetic monopole operators

DO D2
(depending on Abelian magnetic flux in each of the groups). |
11,1 11,1
dual to D0 and D2 “instantonic” branes. -
SZ

[Polyakov (1977)]
[Bergman, Tachikawa & Zafrir (2020)]



Monopoles and Confinement (4 /a2 Polyakov)
U(N) x U(N +M)

- Polyakov proved confinement in QED3. Gas of Abelian monopoles.

- To check this, we can add local magnetic monopole operators

DO D2
(depending on Abelian magnetic flux in each of the groups). |
11,1 11,1
dual to DO and D2 “instantonic” branes. -
- If monopole condensation causes confinement, we expect that the
G2

monopole-antimonopole interaction is screened.

[Polyakov (1977)] <TJ-1(-’13)71,_1(0)> ~ e—SDz

[Bergman, Tachikawa & Zafrir (2020)]



Monopoles and Confinement (4 /a2 Polyakov)

- Monopole operators are screened. U( N ) X U( N+M )

<7ﬂ—1($)1;,—1(0)> ~ 52 T1,—1

- D2
S2

[Polyakov (1977)]
[Bergman, Tachikawa & Zafrir (2020)]



Monopoles and Confinement (4 /a2 Polyakov)

- Monopole operators are screened. U( N ) X U( N+M )

A0t (T ()T, _0)) ~ e=2
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Monopoles and Confinement (4 /a2 Polyakov)

- Monopole operators are screened.

0'27ASD2/M

LAQCD
-0.2f

0.4}

- Turning on an external C} will introduce a modification in the action of the D2,

(T()T(0)) ~ e~

U(N) x U(N+ M)

17,1

’

potentially leading to deconfinement.

Fy =dC;

Sp2 = SDBI—/ 32/0'1
CP!

Ci = dt + % (z1dze — z2dz1)

- The current should be something like J = try *Fy +try, y *Fyias

b TS
-

D2

S2
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Magnetised

confining phase Boundary conditions:

- D2 brane boundary conditions in the UV.
- Confining IR boundary conditions.

- [Shooting, ~20 parameters]

Properties of the solutions:

- T ~ arbitrary (no horizon)

- @ ~ arbitrary (no horizon)

- The magnetic field is bounded from above.
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Magnetised

plasma phase Boundary conditions:
- D2 brane boundary conditions in the UV.

- Black brane boundary conditions
at the IR.
- [Shooting, ~20 parameters]
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- D2 brane boundary conditions in the UV.
- [Shooting, ~20 parameters]

plasma phase Boundary conditions:
- Black brane boundary conditions
at the IR.
V Properties of the solutions:
- u ~ fixed by regularity

- T ~ surface gravity at the horizon.

We tocus in p = 0.

For every fixed value of B, we find solutions
at different T and compare with the other phase.
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We tocus in p = 0.

For every fixed value of B, we find solutions
at different T and compare with the other phase.
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Confinement — Deconfinement
phase transitions
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Case A: Confinement / deconfinement
phase transition
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Case B: First order phase transition between
two plasma phases
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Case C: Smooth crossover between plasma

phases
F S
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Second order phase transitions at fixed temperature
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Second order phase transitions at fixed temperature
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Second order phase transitions at fixed temperature
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We conclude that
it 1s a line of second
order phase transitions.
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T 030

It is instructive to look
at the density plot of
different quantities.
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Duality transformation (mirror duality, particle-vortex dual)
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Duality transformation (mirror duality, particle-vortex dual)
C; & C v
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Duality transformation (mirror duality, particle-vortex dual)

Monopoles C]_ < 07
(D0, D2 branes) ~
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Duality transformation (mirror duality, particle-vortex dual)

Monopoles C 1 < C v Baryons
(DO, D2 branes) ~ (D6, D4 branes)
at(r) < a:(r)
U(N) x UN+M) SUN) x SU(N+M)
B+ @

T M<—>ﬁ o
Qo

B N<—>M ‘
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It 1s instructive to look
at the density plot of
different quantities.
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Conclusions
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