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Introduction

• Conditions for existing kinks with power-law asymptotics
• The model φ8

• Collective coordinate approximation
• Interaction via Manton’s method
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Asymptotics of kinks

Lagrangian density:

L =
1
2

(
∂φ

∂t

)2
− 1

2

(
∂φ

∂x

)2
− V(φ) (1)

We can rewrite the potential

V(φ) = (φ− φ̄i)
ki(φ− φ̄i+1)

ki+1V1(φ) (2)

φ̄i and φ̄i+1 are zeros of V(φ) of orders ki and ki+1 respectively.
ki and ki+1 are even; V1(φ̄i) > 0,V1(φ̄i+1) > 0.
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Asymptotics of kinks

If ki > 2 and ki+1 > 2

φ(φ̄i,φ̄i+1) ≈ φ̄i + C1 ·
1

|x|2/(ki−2) , x → −∞; (3)

φ(φ̄i,φ̄i+1) ≈ φ̄i+1 − C2 ·
1

|x|2/(ki+1−2) , x → +∞. (4)
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The model φ8

We consider φ8 model with the
potential V(φ) = φ4(1 − φ2)2.

After inserting this potential into
the equation of motion and
integrating we obtain two kinks

2
√

2x = − 2
φ
+ ln1 + φ

1 − φ
(5)
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The model φ8

Consider the kink φ(−1,0)(x):

• Asymptotics at x → +∞: φ(−1,0) ≈ − 1√
2x ;

• Asymptotics at x → −∞: φ(−1,0) ≈ −1 + 2
e2 e2

√
2x.

For the kink φ(0,1)(x):

• Asymptotics at x → −∞: φ(0,1) ≈ − 1√
2x ;

• Asymptotics at x → +∞: φ(0,1) ≈ 1 − 2
e2 e2

√
2x.
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Collective coordinate approximation

Consider the configurations:
• For power-law tails:
φ(x, ξ) = φ(−1,0)(x + ξ) + φ(0,−1)(x − ξ);

• For exponential tails:
φ(x, ξ) = φ(0,1)(x + ξ) + φ(1,0)(x − ξ)− 1;

Ueff(ξ) =

∫ +∞

−∞

[
1
2

(
∂φ

∂x

)2
+ V(φ)

]
dx, (6)

F(ξ) = −dUeff/dξ. (7)
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Manton’s method

F[φ] ≃ FM[φ] =

[
V(φ)− 1

2

(
∂φ

∂x

)2
]∣∣∣∣∣

x=0

(8)

Asymptotic expressions (φ = φ(−1,0) + φ(0,−1)):

• F ∼ FM = 4
ξ4

• UM = 4
3ξ3

Asymptotic expressions (φ = φ(0,1) + φ(1,0) − 1):

• F ∼ FM = 64e−4(
√

2ξ+1)

• UM = 8
√

2e−4(
√

2ξ+1)
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Results (power-law tails)

Power-law tails:
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Collective coordinate Manton
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Thanks for your attention!
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Some formulas

φ̄i and φ̄i+1 are zeros of V(φ) of orders ki and ki+1 respectively. ki
and ki+1 are even; assume φ̄i < φ̄i+1.

V(φ) = (φ− φ̄i)
ki (φ− φ̄i+1)

ki+1 V1(φ), (9)

V1(φ̄i) > 0,V1(φ̄i+1) > 0;

dφ
dx =

√
2V(φ), (10)

∫
dx =

∫ dφ
(φ− φ̄i)

ki/2
(φ̄i+1 − φ)

ki+1/2 √2V1(φ)
≈

≈ 1
(φ̄i+1 − φ̄i)

ki+1/2 √2V1(φ̄i)

∫ dφ
(φ− φ̄i)

ki/2 (11)



Some formulas

The effective force of the interaction can be found by considering
the wave momentum P[φ] = −

∫ b
−∞

∂φ
∂t

∂φ
∂x dx;

F[φ] = dP
dt = −

[
1
2

(
∂φ

∂t

)2
+

1
2

(
∂φ

∂x

)2
− V(φ)

]∣∣∣∣∣
b

−∞

(12)

F[φ] ≃ FM[φ] =

[
V(φ)− 1

2

(
∂φ

∂x

)2
]∣∣∣∣∣

x=b

(13)
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