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First Order Phase Transitions
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First Order Phase Transitions





Model
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Standard Description
@2�I

@r2E
+

d

rE

@�I

@rE
� @V

@�
= 0 @�I

@rE
(0) = 0 �(1) = �fv

0 5 10 15 20 25 30 35 40

mrE

−0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

φ

r2E = ⌧2 + r2 ⌧ = it



• Single negative eigenmode
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Decay Rates

SI = SE[�B]� SE[�fv]

SE = Ad+1

Z
drEr

d
E

✓
�02

2
+ V (�)

◆



Nucleation Rates
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Real-Time Interpretation

[Figure courtesy of Andrew Pontzen]
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Ad-Hoc Nucleation

[Figure courtesy of Andrew Pontzen]

�(x, t = 0) = �I(|x|)

No real-time classical description



Some Questions
• QFT exponentially complex.  Approximations needed. 

• Time-dependent description of nucleation 

• Bubble precursor?  Init. cond. at nucleation 

• Bubble-bubble correlations 

• Fast decay/large fluctuation limit? 

• Time evolving background/potential 

• Nonvacuum state



Full Evolution?

[Figure courtesy of Andrew Pontzen]
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Classically-Allowed Vacuum Decay



Numerical Reversibility



Destroyed by Addition of Noise



Decay Rates?
Prediction

InstantonO(1) ⇠ V 00(�fv)

V (�) = V0

✓
� cos

✓
�

�0

◆
+

�2

2
sin2

✓
�

�0

◆
+ 1

◆

�(1+1)
I

L
⇡ g(�, V0,�0)m

2
e↵�

2
0C(�)e�2⇡�2

0C(�)



0 5 10 15 20 25 30 35

φ−1

0

√

V0x

0

5

10

15

20

25

30

35
φ
−
1

0

√

V
0
t

−1

0

1

co
s(
φ
)

t(i)decay



t(i)decay
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Conclusions

• False Vacuum decay can occur via classical 
time-evolution (quantum is in initial state) 

• Decay rates ~ Euclidean Calculations 
• Alternative description of instanton (no tunnelling) 
• Complimentary to instanton (Euclidean rate wrong) 
• (Magic cancellation of amplitudes)

Physical Process: False Vacuum Decay
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Current/Future Work
• Real-time               Instanton 

• Renormalisation, Fluc. Determinant, Wigner 

• Mean bubble profile = instanton? 

• Bubble-bubble correlations? 

• Time-dependent background or potential 

• Non-vacuum initial states (pure or mixed)





Numerical Reversibility



Destroyed by Addition of Noise
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