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Can fPBH=O(0.1)-O(1)% be of a help in 
search for  

(large decay constant) QCD axion DM? 



Outline
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• Large decay constant axion & EMD era 

• Higher chance of PBH formation


• Ultra Compact Minihalo (UCMH) formation


• PBH-assisted search for QCD axion DM



Large decay constant axion
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• Correct axion DM relic abundance with θi ~ O(1) 
 
 
 
 
→ Fa < 1012 GeV
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EMD era & Entropy production
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• Not really a contrived set-up 
if we can naturally accommodate a heavy particle


• In SUSY models or string theory 
→ saxion or moduli (σ)


• If σ decays before BBN & produces enough radiation 
→ Ωa can be sufficiently diluted
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• Not really a contrived set-up 
if we can naturally accommodate a heavy particle


• In SUSY models or string theory 
→ saxion or moduli (σ)


• If σ decays before BBN & produces enough radiation 
→ Ωa can be sufficiently diluted


• Necessarily accompanied by  
                   early matter dominated (EMD) era! 
 



EMD era & Entropy production
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• Quantifying the newly produced entropy



EMD era & Entropy production
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• Diluting axion abundance by σ-decay 



PBH formation probability
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• PBH formation probability (                        ) 
→ much higher in MD era than RD era 
 
                                   >> 
 
                                                  T. Harada et al. (Astrophys.J, 2016) 
                     B. Carr (Astrophys. J. 201, 1 (1975)), T. Harada et al. (PRD, 2013) 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Can we have a large enough Pζ(k)?
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• In fact, Pζ(k) in small scales are much less constrained 
than CMB scale                            A. Gow et al. arxiv: 2008.03289
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• In fact, Pζ(k) in small scales are much less constrained 
than CMB scale                            A. Gow et al. arxiv: 2008.03289

ZS$+*"(S#$B&T$B*$W"#[%$"((FR*$*#&"#W*.$@\:]?$S#$(R",,$(W",*($

6



Pζ(k) on small scales  &  fPBH
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Pζ(k) on small scales  &  fPBH
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Pζ(k) on small scales  &  fPBH
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UCMH (PBH+axion halo) formation
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• Axion accretion around (stationary and isolated) PBH  
→ UCMH formation 
→ efficient during matter-dominated era 
                                               E. Bertschinger (APJS 58, 39 (1985)) 
                      K. Mack, J. Ostriker, M. Ricotti (Astrophys. J. 665, 1277 (2007)) 
                                         M. Ricotti, A. Gould (Astrophys. J. 707, 979 (2009))
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Axion Tidal Stream



Axion tidal stream (ATS)
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• Inside UCMH, ρa > ρDM 
→ If disruption happens, this gives axion tidal streams 
→ If ρa in the tidal stream satisfies ρa > ρDM,  
     this can be of help to direct axion DM searches
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• Inside UCMH, ρa > ρDM 
→ If disruption happens, this gives axion tidal streams 
→ If ρa in the tidal stream satisfies ρa > ρDM,  
     this can be of help to direct axion DM searches
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Disruption probability
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• ΔEint(bc) = Ebinding
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Disruption probability
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• disruption probability for a single encounter 
 → ΔEint/Ebinding


• Total = one-off disruptive events (b < bc) 
            + contribution from multiple encounters (b > bc) 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• disruption probability for a single encounter 
 → ΔEint/Ebinding


• Total = one-off disruptive events (b < bc) 
            + contribution from multiple encounters (b > bc) 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Encounter rate
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• The rate for earth to encounter the axion stream?
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• The rate for earth to encounter the axion stream?
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• The rate for earth to encounter the axion stream?
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Encounter rate
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• Enhancement in ρa  
→ improve the sensitivity of experimental search


• For instance, in ABRACADABRA 
 
 
oscillating magnetic field flux through pick-up loop
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• Enhancement in ρa  
→ improve the sensitivity of experimental search


• For instance, in ABRACADABRA 
 
 
oscillating magnetic field flux through pick-up loop
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Transient Radio Signal
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Transient radio signals
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• UCMH encounter with a neutron star 
→ at r satisfying ma = wp (conversion radius),  
     resonant axion conversion to photon 


• Power per solid angle
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Transient radio signals
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• What matters in terms of detection  
→ “spectral flux density”, i.e. 
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• What matters in terms of detection  
→ “spectral flux density”, i.e. 
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Transient radio signals
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• What matters in terms of detection  
→ “spectral flux density”, i.e. 

i7$A7$Q"%%T*$*%$",7$:KLM@C$=2=1?
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Transient radio signals

41

• What matters in terms of detection  
→ “spectral flux density”, i.e. 

I*$,SS]$"%$R"$0$<2DLn$G$14Ln$:U"$o$121=$0$<-121>$4*5?X



Transient radio signals
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• Compare to minimum detectable flux of  
the chosen radio telescope (SKA1-low, SKA-mid)



Transient radio signals
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• Compare to minimum detectable flux of  
the chosen radio telescope (SKA1-low, SKA-mid)
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• Large decay constant axion DM may imply 
early matter domination (EMD) era


• EMD era can be the environment facilitating PBH 
formation


• 0.1-1% PBH + axion DM evolve to UCMH


• MPBH~10-15-10-14Msun can gives O(10) enhancement in 
axion DM energy density via tidal stream


• SKA can probe ma ~ 50MHz - 1GHz (Fa = 1012 ~ 5x1013 

GeV) via detection of transient radio signal

Summary


