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no free parameters from intial conditions
abundance calculable! (in principle)

● misalignment (0-mode)
(0) 

● misalignment (k-modes)

● topological defects (strings and domain walls)

Multiple contributions:Multiple contributions:
ε

Scenario II:Scenario II: PQ restoration after inflation PQ restoration after inflation



  

?

DIGA/LatticeDIGA/Lattice

A
B
R
AC
A
DA
B
R
A

Q
UA
X

Lattice OldLattice Old

DIGA/LatticeDIGA/Lattice



  

PQ phase transitionPQ phase transition

similarly if similarly if H ≳ fa



  

Axionic StringsAxionic Strings



  

Axionic StringsAxionic Strings



  

Axionic StringsAxionic Strings

radial
core



  

Axionic StringsAxionic Strings

radial
core

axion
field



  

Axionic StringsAxionic Strings

radial
core

axion
field



  

free stringsfree strings

H -1



  

free stringsfree strings

H -1



  

free stringsfree strings string recombinationstring recombination

H -1



  

free stringsfree strings string recombinationstring recombination

H -1

scaling solutionscaling solution

ξξ = (# strings) / (Hubble Patch) = (# strings) / (Hubble Patch)



  

free stringsfree strings string recombinationstring recombination

H -1

scaling solutionscaling solution

ξξ = (# strings) / (Hubble Patch) = (# strings) / (Hubble Patch)

difference goes in radiationdifference goes in radiation



  

@ @ H~mH~maa ( (TT~~ΛΛQCDQCD))



  

@ @ H~mH~maa ( (TT~~ΛΛQCDQCD))

NNDWDW  =1 case=1 case



  

@ @ H~mH~maa ( (TT~~ΛΛQCDQCD))

T,H T,H ≳ ≳ ffaa H~mH~maa ( (TT~~ΛΛQCDQCD)) todaytoday

scaling regimescaling regime

log(log(mmrr//HH)) 1÷151÷15 ~70~70

NNDWDW  =1 case=1 case
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 preliminary – Redondo, Saikawa, ...
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What is the large What is the large ξξ behavior? behavior?

Origin of scaling violation?Origin of scaling violation?

Larger physical simulations suggest some curvature (log^2?)Larger physical simulations suggest some curvature (log^2?)

Scaling violation observed also in local U(1) string networks...Scaling violation observed also in local U(1) string networks...
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Short/Long string ratio also observed by:
1806.05566 – Kawasaki et al.
1906.00967 – Buschmann, Foster, Safdi
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Shellard et al.   (Shellard et al.   (qq>1, >1, ξ ξ ~13)~13)

Sikivie et al.   (Sikivie et al.   (q=q=1, 1, ξ ξ ~1)~1)

Kawasaki et al.   (Kawasaki et al.   (q>q>1, 1, ξ ξ ~1)~1)

Moore et al.   (Moore et al.   (q=q=??, , ξ ξ ~ 5)~ 5)
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Conclusions:Conclusions:

Still a lot to be understood...Still a lot to be understood...
→→

Far away from a reliable computation of the axion abundanceFar away from a reliable computation of the axion abundance

(feasible?) near-term goal:(feasible?) near-term goal:

lower bound from strings productionlower bound from strings production
(after educated guesses of extrapolated scaling properties)(after educated guesses of extrapolated scaling properties)
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