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Scenario I: no PQ restoration after inflation Scenario I: no PQ restoration after inflation 
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T ≫ ΛQCD

Scenario I:Scenario I:
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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
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PQ phase transitionPQ phase transition

similarly if similarly if H ≳ fa



  

Axionic StringsAxionic Strings
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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))

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



  

N ≈ 1k – 4k – 8k 

Numerical SimulationNumerical Simulation
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The Bottle NeckThe Bottle Neck



  

1/mr1/H
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1/mr ~ R ~ t1/21/H

The Bottle NeckThe Bottle Neck

fat string trick



  

The Scaling Solution is an Attractive Solution The Scaling Solution is an Attractive Solution 

1806.04677 – Gorghetto, Hardy, GV



  

Scaling ViolationScaling Violation 1806.04677 – Gorghetto, Hardy, GV

Also observed in:
1509.00026 – Fleury, Moore
1806.05566 – Kawasaki et al.
1906.00967 – Buschmann, Foster, Safdi
 preliminary – Redondo, Saikawa, ...
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Gorghetto, Hardy, GVScaling Violation (4k simulation)Scaling Violation (4k simulation)



  

Loop DistributionLoop Distribution
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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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Axion Spectra VS Axion NumberAxion Spectra VS Axion Number

Davies, Shellard, ... Davies, Shellard, ... 

Sikivie, ... Sikivie, ... 

q >1
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Axion Spectra VS Axion NumberAxion Spectra VS Axion Number

IR dominatedIR dominated

scale invariantscale invariant

UV dominatedUV dominated



  

Axion SpectrumAxion Spectrum
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Axion SpectrumAxion Spectrum 1806.04677 – Gorghetto, Hardy, GV



  

log=4 5 6 7 7.9 Gorghetto, Hardy, GV

Axion Spectrum @ 4kAxion Spectrum @ 4k



  

Axion Instantaneous SpectrumAxion Instantaneous Spectrum

1806.04677 – Gorghetto, Hardy, GV



  

Axion Number DensityAxion Number Density
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Axion Number Density → ExtrapolationAxion Number Density → Extrapolation

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)



  

Gorghetto, Hardy, GV

Running of the spectral index (in 4k)Running of the spectral index (in 4k)



  

Parameters at DW formation time:Parameters at DW formation time:
simulations vs physical case simulations vs physical case 



  

(Preliminary) Conclusions:(Preliminary) Conclusions:

● Towards reasonable understanding of string evolution and axion spectrumTowards reasonable understanding of string evolution and axion spectrum

● String dynamics is evolving during scaling regime (→ NG strings)String dynamics is evolving during scaling regime (→ NG strings)

● Strings/DW behavior @ physical parameters could be Strings/DW behavior @ physical parameters could be 

completely different from the simulated (or naively extrapolated) one completely different from the simulated (or naively extrapolated) one 



  

Some Open Questions:Some Open Questions:

● What is the initial field configuration at the QCD time?What is the initial field configuration at the QCD time?

● How many relic axions are produced from the radiation of strings?How many relic axions are produced from the radiation of strings?

● How can we reliably reconstruct How can we reliably reconstruct 
the right dynamics of the DW/string network ?   the right dynamics of the DW/string network ?   
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