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Baryon

Baryon current

ĴV0 〈q̄αγ0qα〉 6= 0

: Baryon as dyonic instanton.



Chiral perturbation theory

Chiral lagrangian

Lχ =
f 2π
4
Tr(∂µU

†∂µU) +
1

32e2
Tr
(

[U†∂µU,U
†∂νU]2

)
Skyrmion

U0(x) = cos f (r)1 + i sin f (r)
xata

r

Baryon charge

B =

∫
1

24π
εijk〈(U∂iU†)(U∂jU

†)(U∂kU
†)〉

: Baryon as dyonic instanton.



AdS/CFT correspondence

q̄γµt
aq ↔ V a

µ

q̄γ5γµt
aq ↔ Aa

µ

q̄αqβ ↔ Xαβ

: Baryon as dyonic instanton.



Holographic model of QCD

S =
Nc

4π2

∫
d3xdtdz

{
1

z

(
− 1

16

)
(F 2

L + F 2
R) +

1

z3
(DX )2 +

1

z5
3|X |2

}

SCS =
Nc

24π2

∫
3

2

{
L̂ tr(FLF̃L)− R̂ tr(FLF̃L)

}

: Baryon as dyonic instanton.



Chiral condensate

|X | = mz + σz3

: Baryon as dyonic instanton.



Baryon charge

QB =
1

16π2

∫
d3xdzεµνλρ

[
Fµν
L Fλρ

L − Fµν
R Fλρ

R

]
.

Q5 =
1

16π2

∫
d3xdzεµνλρ

[
Fµν
L Fλρ

L + Fµν
R Fλρ

R

]
.

: Baryon as dyonic instanton.



Dyonic instanton

Topological solution in d=5 N=1 SYM

Aµ ∼
ρ2

x2(x2 + ρ2)
ηaµνxν

σa

2

φ = v
x2

x2 + ρ2
σ3

2

Instanton radius

ρ2 =
1

4π2
Q

v

: Baryon as dyonic instanton.



Analogy with Sakai-Sugimoto

: Baryon as dyonic instanton.



Cylindric ansatz

Laj = −1 + ξ2(r , z) + η2(r , z)

r
εjak

xk
r

+
ξ1(r , z) + η1(r , z)

r

(
δja −

xjxa
r2

)
+
(
Vr (r , z) + Ar (r , z)

)xjxa
r2

,

Ra
j = −1− ξ2(r , z) + η2(r , z)

r
εjak

xk
r

+
ξ1(r , z)− η1(r , z)

r

(
δja −

xjxa
r2

)
+
(
Vr (r , z)− Ar (r , z)

)xjxa
r2

,

La5 =
(
Vz(r , z) + Az(r , z)

)xa
r
,

Ra
5 =

(
Vz(r , z)− Az(r , z)

)xa
r
,

X = χ1(r , z)
1

2
+ iχ2(r , z)

τ axa

r
,

: Baryon as dyonic instanton.



Cylindric ansatz

V a
j = −1 + η2(r , z)

r
εjak

xk
r

+
ξ1(r , z)

r

(
δja −

xjxa
r2

)
+ Vr (r , z)

xjxa
r2

,

Aa
j = −ξ2(r , z)

r
εjak

xk
r

+
η1(r , z)

r

(
δja −

xjxa
r2

)
+ Ar (r , z)

xjxa
r2

,

V a
5 = Vz(r , z)

xa
r
,

Aa
5 = Az(r , z)

xa
r
,

X = χ1(r , z)
1

2
+ iχ2(r , z)

τ axa

r
,

: Baryon as dyonic instanton.



Scalar �eld phases

η1 = φ sin(θ) cos(α), η2 = φ cos(θ) cos(β),

ξ2 = φ sin(θ) sin(α), ξ1 = φ cos(θ) sin(β),

χ1 = χ cos(γ), χ2 = χ sin(γ).

It is possible to choose the gauge

α = β = ω

: Baryon as dyonic instanton.



Action

E =
Nc

6π

∫
dr dz

{
2

z
(∂zφ)

2 +
2

z
(∂rφ)

2

+
2

z
φ
2
[
(cos(2ω)Az + ∂zθ)

2 + (cos(2θ)Vz + ∂zω)
2 + (sin(2ω)Az + sin(2θ)Vz )

2

+ (cos(2ω)Ar + ∂rθ)
2 + (cos(2θ)Vr + ∂rω)

2 + (sin(2ω)Ar + sin(2θ)Vr )
2
]

+
r2

z
(∂zAr − ∂rAz )

2 +
r2

z
(∂zVr − ∂rVz )

2

+
1

r2z
(1 − φ

2)2 +
1

r2z
φ
4 sin(2θ)2 sin(2ω)2

+
3r2

z3
(∂zχ)

2 +
3r2

z3
χ
2(∂zγ − Az )

2

+
3r2

z3
(∂rχ)

2 +
3r2

z3
χ
2(∂rγ − Ar )

2 −
9r2

z5
χ
2

+
6

z3
χ
2
φ
2
[
cos(γ)2 sin(θ)2 + sin(γ)2 cos(θ)2 + 2 cos(γ) sin(γ) cos(θ) sin(θ) cos(2ω)

]}

: Baryon as dyonic instanton.



Potentials

sin(2θ)2 sin(2ω)2 = 0 ⇒ θ = 0,
π

2

∨
ω = 0,

π

2

cos(γ)2 sin(θ)2+sin(γ)2 cos(θ)2

+2 cos(γ) sin(γ) cos(θ) sin(θ) cos(2ω) = 0

cos(2ω) = 1 ⇒ γ = −θ + πn

cos(2ω) = −1 ⇒ γ = θ + πn

sin(2θ) = 0 ⇒ γ = θ + πn

: Baryon as dyonic instanton.



Baryon charge

QB =
1

2π

{ zm∫
0

dz
[
(ϕ2 − 1)Az + φ2Vz sin(2θ) sin(2ω)

+ ϕ2 cos(2ω)∂zθ
]r→∞

r=0
− (r ↔ z)

QA =
1

2π

{ zm∫
0

dz
[
(ϕ2 − 1)Vz + φ2Az sin(2θ) sin(2ω)

+ ϕ2 cos(2θ)∂zω
]r→∞

r=0
− (r ↔ z)

: Baryon as dyonic instanton.



Chiral phase
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: Baryon as dyonic instanton.



Chiral phase
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: Baryon as dyonic instanton.



Chiral condensate
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: Baryon as dyonic instanton.



The asymptotic on the boundary

Hedgehog skyrmion

X ∼ cos(γ)1 + i sin(γ)
τ ara

r
, γ ∈ (0,−π)

: Baryon as dyonic instanton.
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Thank you for your attention!

: Baryon as dyonic instanton.


