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AXION MONODROMY
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Figure 1. The double cosine potential in units of ⇤1, for di↵erent values of  ⌘ ⇤1/⇤2. The colored
gridlines correspond to the three di↵erent initial field values �i used for the lattice simulations. In
units of the period (p = 2⇡ f) we used the following initial conditions: �i = �0.44p (blue), �i = �0.47p
(green), �i = �0.49p (red)

2 Results

In this section we present the results of numerical lattice simulations. The simulations have
been performed in 2+1 dimensions with 5122 lattice points. The comoving volume of the
box was set to V = L

2, with

L = H
�1
i /5 , (2.1)

where Hi =
p
V (�i)/3 is the initial Hubble parameter. In what follows we will briefly discuss

some preliminary results.

2.1 Means and variances

Figure 2 shows the time evolution of the mean h�i (left) and the variance h��
2
i (right) for

di↵erent initial conditions �i and di↵erent potentials characterised by di↵erent choices of
 = ⇤1/⇤2. One can see, that in all of the considered cases the variance grows quickly (due
to the growth of fluctuations) within a few oscillations (. O(10)) and that the evolution of
the mean eventually departs from that of a homogenous field.

We observe that for di↵erent values of  the evolution of the field can be qualitatively
di↵erent. On the other hand, changing the initial field value �i does not have a strong impact
on the field evolution. Contrary to a purely homogeneous evolution, where the field can get
stuck in one of the wrong vacua, we find that at some point the field will always oscillate
around the global minimum of the potential (at least for the cases considered here).

The orange regions in Figure 2 correspond to regions where tachyonic instabilities can
lead to growth of fluctuations, as the field rolls down the potential and to a decrease as the
field rolls upwards. Ultimately, the expansion of the universe leads to a net growth of the
fluctuations.

2

nX

i=1

⇤4
n


1� cos

✓
n�

f

◆�

<latexit sha1_base64="WVJ1fu1JxcYpWzcsx0RBXrQMhHc="></latexit><latexit sha1_base64="WVJ1fu1JxcYpWzcsx0RBXrQMhHc="></latexit><latexit sha1_base64="WVJ1fu1JxcYpWzcsx0RBXrQMhHc="></latexit><latexit sha1_base64="WVJ1fu1JxcYpWzcsx0RBXrQMhHc="></latexit>

 ⌘ ⇤4
1

⇤4
n

<latexit sha1_base64="IgeVF5fapujAI1p7vX8+tvT9LXc="></latexit><latexit sha1_base64="IgeVF5fapujAI1p7vX8+tvT9LXc="></latexit><latexit sha1_base64="IgeVF5fapujAI1p7vX8+tvT9LXc="></latexit><latexit sha1_base64="IgeVF5fapujAI1p7vX8+tvT9LXc="></latexit>



ϕ� = -������ Λ� =��� Λ�
� � = ����
ϕ/�

-���

-���

�

���

���
ρ/<ρ>

�

�

�

�

�

��

� � = ����
ϕ/�

-���

-���

�

���

���
ρ/<ρ>

�

�

�

�

�

��

� � = ����
ϕ/�

-���

-���

�

���

���
ρ/<ρ>

�

�

�

�

�

��

� � = �����
ϕ/�

-���

-���

�

���

���
ρ/<ρ>

�

�

�

�

�

��

Figure 4. Spatial distribution of � and ⇢ for  = 0.5 (left column) and  = 1 (right column) at
di↵erent moments in time.
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Figure 5. Spatial distribution of � and ⇢ for  = 5 (left column) and  = 30 (right column) at
di↵erent moments in time.
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Figure 5. Spatial distribution of � and ⇢ for  = 5 (left column) and  = 30 (right column) at
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SUMMARY & OUTLOOK

AXIONS & NON-LINEAR EFFECTS

▸ 2+1 lattice simulations show appearance of oscillons 

▸ oscillons are long-lived stable objects  

▸ 3+1 lattice simulations confirm appearance 

▸ Oscillons generic for             monodromy potentials 

▸ Also seemingly generic for corrected potential 

▸ Post-reheating, accessible effects washed out

 > 1
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AXIONS & NON-LINEAR EFFECTS

Thanks!

▸ 2+1 lattice simulations show appearance of oscillons 

▸ oscillons are long-lived stable objects  

▸ 3+1 lattice simulations confirm appearance 

▸ Oscillons generic for             monodromy potentials 

▸ Also seemingly generic for corrected potential 

▸ Post-reheating, accessible effects washed out
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