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We correct the result in D = 4, including a contribution to the functional determinant
missed in the first version. The additional term is present inside Ĩ2, introduced in eq. (6.12)
of [1], and contributes to the complete renormalized determinant. The Ĩ2 integral is defined
in the first line of eq. (6.14):

Ĩ2 =
∫ ∞

0
dρ ρ3

(
V (2)2 − V (2)2

FV

)(1
ε

+ γE + 1 + ln
(
µρ

2

))
. (1)

It can be written as

Ĩ2 = I2

(1
ε

+ γE + 1 + ln
(
µR

2

))
+
∫ ∞

0
dρ ρ3

(
V (2)2 − V (2)2

FV

)
ln ρ

R
. (2)

Here, I2 is the UV integral given in eq. (6.13) of [1], where R = r/(
√
λv) ' r0/(

√
λv∆) is

the bubble radius, with r0 = 1 in D = 4. The first term in (2) corresponds to the second
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line in eq. (6.14) in [1]. The second term was dropped in [1], however it also contains a
contribution that scales as 1/∆3, and must therefore be counted as leading order.

To perform the integral with ln ρ/R, we switch to the dimensionless variables used
throughout [1],

r3
∫ ∞
−r

dz
(

1 + z

r

)3 (
Ṽ (2)2 − Ṽ (2)2

FV

)
ln
(

1 + z

r

)
, (3)

and expand the log term ln
(
1 + z

r

)
=
∑∞

n=1
(−1)n−1

n

(
z
r

)n . It is also useful to expand the
second derivative of the potential squared in powers of ∆(

Ṽ (2)2 − Ṽ (2)2
FV

)
=
(
Ṽ (2)2 − Ṽ (2)2

FV

)
0

+ ∆
(
Ṽ (2)2 − Ṽ (2)2

FV

)
1

+O(∆2) , (4)

where (
Ṽ (2)2 − Ṽ (2)2

FV

)
0

= 3
4

(
3 tanh4

(
z

2

)
− 2 tanh2

(
z

2

)
− 1

)
, (5)(

Ṽ (2)2 − Ṽ (2)2
FV

)
1

= −9 tanh3
(
z

2

)
+ 3 tanh

(
z

2

)
+ 6 ≡ h1(z) . (6)

The zeroth order in (5), is an even function of z which vanishes exponentially at z → ±∞.
In that case we can then extend the lower limit of integration to −∞ in (3), and the final
contribution is ∆2 suppressed.

The first order in (6) vanishes exponentially at z → ∞, but goes to a constant at
z → −∞:

h1(z → −∞) = 12 . (7)

This gives a contribution at the lower boundary of integration in (3). To compute it we
integrate by parts:

∆r3
∞∑

n=1

(−1)n−1

n

∫ ∞
−r

dz
(
z

r

)n (
1 + z

r

)3
h1(z) (8)

= ∆r3
∞∑

n=1

(−1)n−1

n

[
z

(
z

r

)n
(

1
n+ 1 + 3z

r

1
n+ 2 + 3z

2

r2
1

n+ 3 + z3

r3
1

n+ 4

)
h1

∣∣∣∣∣
∞

−r

(9)

−
∫ ∞
−∞

dz z
(
z

r

)n
(

1
n+ 1 + 3z

r

1
n+ 2 + 3z

2

r2
1

n+ 3 + z3

r3
1

n+ 4

)
dh1
dz

]
. (10)

In (10) we can extend the lower limit of integration to −∞, as dh1/dz vanishes exponentially
at z → ±∞. We can drop the contribution from that line, as it is also ∆2 suppressed.
In (9), the contribution at ∞ vanishes, because of h1(z), while at −r we have h1(−r) '
h1(z → −∞) = 12, so we have

∆r3
∞∑

n=1

(−1)n−1

n

[
−12(−r)(−1)n

( 1
n+ 1 − 3 1

n+ 2 + 3 1
n+ 3 −

1
n+ 4

)]
(11)

= −12∆r4
∞∑

n=1

1
n

( 1
n+ 1 − 3 1

n+ 2 + 3 1
n+ 3 −

1
n+ 4

)
= −3

4r0

(
r0
∆

)3
. (12)
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To summarize, the leading order contribution to the second term in (2) is∫ ∞
0

dρ ρ3
(
V (2)2 − V (2)2

FV

)
ln ρ

R
= −3

4r0

(
r0
∆

)3
(1 +O(∆)) . (13)

In D = 4, where r0 = 1, this equals to I2/4, so in the end we get

Ĩ2 = I2

(1
ε

+ γE + 5
4 + ln

(
µ

2
√
λv∆

))
. (D = 4) (14)

This corrects the second line of eq. (6.14) in [1]: the +1 is replaced by +5/4. In turn,
this changes the last term of eq. (6.21) in [1] from 1/∆3((45− 4π

√
3)/192) to 1/∆3((27−

2π
√

3)/96). The final result in eq. (2.2) in [1] for D = 4, changes accordingly. The corrected
one reads

Γ
V
'
((

S

2π

) 12
eD−1λv

2
)D/2

exp
(
−S − 1

∆D−1
27− 2π

√
3

96

)
, D = 4 . (15)

The D = 3 result is unchanged.
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