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Plan

•PBHs


•Axions


•String-Domain Wall network collapse



PBHs



PBHs

• Perfect Dark Matter candidate (in principle)


• Even if < 100% of DM, PBHs are candidates 
for LIGO (+ coming) events


• However, many loose ends: formation 
mechanism? How come < 100% ?



PBHs
Carr et al 1607.06077



PBHs
Carr et al 1705.05567



Formation Mechanisms
Vanilla option: from inflation.  
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Vanilla option: from inflation.  



Formation Mechanisms
Power spectrum enhanced at scales << CMB by factor 103

(picture from 
Ali-Haimoud)
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How about alternative 
formation mechanisms? 

• Obvious potential candidate: phase transitions in the 
Early Universe. 

• Several obvious ‘violent’ phenomena that can assist 
gravitational collapse/generate large overdensities 
naturally: bubble collisions, topological defect 
networks 

• Here, Axionic Strin-Wall network



Axions



Strong CP problem
2 sources of CP violation in the SM:


Arg[Det[Mq ]]
Required for the       
.          meson 
mass splitting
η −η '

Neutron electic 
dipole moment

tot



• Axion solution = dynamical/cosmological relaxation


• Introduce global Peccei-Quinn symm, U(1)A


• U(1)A  is spontaneously broken at 


• Explicitly (but mildly) broken by QCD                                                        

Φ =ρ eia/f

Φ = f

Strong CP problem

f
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Solution

V (Φ) = λ(|Φ| 2 −η2 )2 +εΦ + h.c.
Φmq q q + h.c.

At low energies, 

V (a,T ) = m2(T ) f 2 1− cos a / f( )⎡⎣ ⎤⎦



Bonus 1: Dark Matter candidate



Bonus 1: Dark Matter candidate

Focus on 
the most 
constraine
d case,

f < Treh
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Bonus 2: topological defects generated



2 very different types of models according to whether  

NDW = 1 

NDW > 1 

Bonus 2: topological defects generated
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ΛQCD

fPQ

U(1)→1→1
       

SSB
   

expl

SSB

expl SB
Strings & DWs

Strings

Bonus 2: topological defects generated

NDW = 1

1 DW per string 

DWs make the whole network disappear quickly



T

ΛQCD

fPQ

Strings & DWs

Strings

Bonus 2: topological defects generated

NDW > 1

Network stable  

DW problem! 

U(1)→ ZNDW
→1

SSB

expl SB
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Strings

Bonus 2: topological defects generated

NDW > 1

String-DW network epoch 

U(1)→ ZNDW
→1

ΛQCD’

SSB

expl SB1

expl SB2{



NDW > 1

U(1)→ ZNDW
→1

+

Bonus 2: topological defects generated



One additional parameter, ΛQCD’ 

(assume                   )� = O(1)
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Wall-string Network



T

T1

fPQ

Strings 
& DWs

Strings

T2

3H(T1) = ma(T1)
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aDW =
�V

�
⇠ H(T2)
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DWs form when

DW+string network ends when







Summary

• Axion models with NDW  > 1 contain a long        

               NETWORK ANIHILATION EPOCH 

Q) Does this lead to BH formation? 



To make some progress we 
study a simpler (but related) 
problem:  

Collapse of a single closed 
DW with initial size ~ horizon

T

ΛQCD

fPQ

Strings 
& DWs

Strings

ΛQCD’

During string+DWs epoch, there are 
closed structures ‘entering’ the horizon, 
which can collapse



Domain wall collapse
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BH!



Primordial Basketball



Primordial Basketball

If you ‘score’, the ball 
turns…



Primordial Basketball



Mass

If BHs formed at all, then



Formation criterium:  

Surface gravity > MP
2

S = E
R



Spherical DWs
• Thin wall 

(Nambu-Goto action)   =>  

=> surface gravity goes unbounded => BH formed


However, the approximation (thin & no radiation) breaks 
down
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Non-spherical DWs

• Thin wall Widrow ‘89

r(t,θ ,φ) = R(t)+ Δ(t,θ ,φ)

Δ(t,θ ,φ)→ const

Typical Δ~H-1 so figure of merit

p = RS H
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QCD axion



P being small = DWs being subdominant, 
so is it a no-go? 

The thin wall (Nambu-Goto) approximation 
needs to be corrected by 

- DW radiation emission 

- finite thickness effects 

- Bias (ΔV)



Thickness + radiation

0 10 20 30 40 50 60
-4

-2

0

2

4

R

Log T00

Radiation for the spherical DW

⇤a = V 0(a)
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Thick & spherical wall
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<latexit sha1_base64="jxqfRQYFpJmPxGgVEIq5MkCw0WU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoUEpShLosiuCyFvuAJobJdNIOnUnCzEQoIWs3/oobF4q49Qvc+TdOHwttPXDhcM693HuPHzMqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oyygRmLRwxCLR9ZEkjIakpahipBsLgrjPSMcfXU38zgMRkkbhnRrHxOVoENKAYqS05JnHTiAQTq+ztJk5knJY4h5yyrDpWWf3abVcyzyzaFWsKeAyseekCOZoeOaX049wwkmoMENS9mwrVm6KhKKYkazgJJLECI/QgPQ0DREn0k2nr2TwVCt9GERCV6jgVP09kSIu5Zj7upMjNZSL3kT8z+slKrhwUxrGiSIhni0KEgZVBCe5wD4VBCs21gRhQfWtEA+Rzkbp9Ao6BHvx5WXSrlZsq2Lfnhfrl/M48uAInIASsEEN1MENaIAWwOARPINX8GY8GS/Gu/Exa80Z85lD8AfG5w8MQpkr</latexit><latexit sha1_base64="jxqfRQYFpJmPxGgVEIq5MkCw0WU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoUEpShLosiuCyFvuAJobJdNIOnUnCzEQoIWs3/oobF4q49Qvc+TdOHwttPXDhcM693HuPHzMqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oyygRmLRwxCLR9ZEkjIakpahipBsLgrjPSMcfXU38zgMRkkbhnRrHxOVoENKAYqS05JnHTiAQTq+ztJk5knJY4h5yyrDpWWf3abVcyzyzaFWsKeAyseekCOZoeOaX049wwkmoMENS9mwrVm6KhKKYkazgJJLECI/QgPQ0DREn0k2nr2TwVCt9GERCV6jgVP09kSIu5Zj7upMjNZSL3kT8z+slKrhwUxrGiSIhni0KEgZVBCe5wD4VBCs21gRhQfWtEA+Rzkbp9Ao6BHvx5WXSrlZsq2Lfnhfrl/M48uAInIASsEEN1MENaIAWwOARPINX8GY8GS/Gu/Exa80Z85lD8AfG5w8MQpkr</latexit><latexit sha1_base64="jxqfRQYFpJmPxGgVEIq5MkCw0WU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoUEpShLosiuCyFvuAJobJdNIOnUnCzEQoIWs3/oobF4q49Qvc+TdOHwttPXDhcM693HuPHzMqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oyygRmLRwxCLR9ZEkjIakpahipBsLgrjPSMcfXU38zgMRkkbhnRrHxOVoENKAYqS05JnHTiAQTq+ztJk5knJY4h5yyrDpWWf3abVcyzyzaFWsKeAyseekCOZoeOaX049wwkmoMENS9mwrVm6KhKKYkazgJJLECI/QgPQ0DREn0k2nr2TwVCt9GERCV6jgVP09kSIu5Zj7upMjNZSL3kT8z+slKrhwUxrGiSIhni0KEgZVBCe5wD4VBCs21gRhQfWtEA+Rzkbp9Ao6BHvx5WXSrlZsq2Lfnhfrl/M48uAInIASsEEN1MENaIAWwOARPINX8GY8GS/Gu/Exa80Z85lD8AfG5w8MQpkr</latexit><latexit sha1_base64="jxqfRQYFpJmPxGgVEIq5MkCw0WU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoUEpShLosiuCyFvuAJobJdNIOnUnCzEQoIWs3/oobF4q49Qvc+TdOHwttPXDhcM693HuPHzMqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oyygRmLRwxCLR9ZEkjIakpahipBsLgrjPSMcfXU38zgMRkkbhnRrHxOVoENKAYqS05JnHTiAQTq+ztJk5knJY4h5yyrDpWWf3abVcyzyzaFWsKeAyseekCOZoeOaX049wwkmoMENS9mwrVm6KhKKYkazgJJLECI/QgPQ0DREn0k2nr2TwVCt9GERCV6jgVP09kSIu5Zj7upMjNZSL3kT8z+slKrhwUxrGiSIhni0KEgZVBCe5wD4VBCs21gRhQfWtEA+Rzkbp9Ao6BHvx5WXSrlZsq2Lfnhfrl/M48uAInIASsEEN1MENaIAWwOARPINX8GY8GS/Gu/Exa80Z85lD8AfG5w8MQpkr</latexit>

Thickness + radiation



Thick wall • The DW keeps much more 
the shape during collapse,  

• However it transfers its 
energy into axion quanta 
more efficiently 

• S can scale much mildlier, 
down to

E

R
⇠ maR0

<latexit sha1_base64="JYj3SAP1fDfvzCSxjFkEvrKcZg4=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSiKDHoggea7Ef0JSw2W7apbtJ2N0IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/OChDOlHefbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHstugBXlLKItzTSn3URSLAJOO8H4Zup3HqlULI4e9CShfYGHEQsZwdpIvn3khRKT7DbPmrmnmEDCx6jpO75ddWrODGiZuAWpQoGGb395g5ikgkaacKxUz3US3c+w1Ixwmle8VNEEkzEe0p6hERZU9bPZAzk6NcoAhbE0FWk0U39PZFgoNRGB6RRYj9SiNxX/83qpDq/6GYuSVNOIzBeFKUc6RtM00IBJSjSfGIKJZOZWREbYJKJNZhUTgrv48jJpn9dcp+beX1Tr10UcZTiGEzgDFy6hDnfQgBYQyOEZXuHNerJerHfrY95asoqZQ/gD6/MHB9OWAw==</latexit><latexit sha1_base64="JYj3SAP1fDfvzCSxjFkEvrKcZg4=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSiKDHoggea7Ef0JSw2W7apbtJ2N0IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/OChDOlHefbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHstugBXlLKItzTSn3URSLAJOO8H4Zup3HqlULI4e9CShfYGHEQsZwdpIvn3khRKT7DbPmrmnmEDCx6jpO75ddWrODGiZuAWpQoGGb395g5ikgkaacKxUz3US3c+w1Ixwmle8VNEEkzEe0p6hERZU9bPZAzk6NcoAhbE0FWk0U39PZFgoNRGB6RRYj9SiNxX/83qpDq/6GYuSVNOIzBeFKUc6RtM00IBJSjSfGIKJZOZWREbYJKJNZhUTgrv48jJpn9dcp+beX1Tr10UcZTiGEzgDFy6hDnfQgBYQyOEZXuHNerJerHfrY95asoqZQ/gD6/MHB9OWAw==</latexit><latexit sha1_base64="JYj3SAP1fDfvzCSxjFkEvrKcZg4=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSiKDHoggea7Ef0JSw2W7apbtJ2N0IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/OChDOlHefbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHstugBXlLKItzTSn3URSLAJOO8H4Zup3HqlULI4e9CShfYGHEQsZwdpIvn3khRKT7DbPmrmnmEDCx6jpO75ddWrODGiZuAWpQoGGb395g5ikgkaacKxUz3US3c+w1Ixwmle8VNEEkzEe0p6hERZU9bPZAzk6NcoAhbE0FWk0U39PZFgoNRGB6RRYj9SiNxX/83qpDq/6GYuSVNOIzBeFKUc6RtM00IBJSjSfGIKJZOZWREbYJKJNZhUTgrv48jJpn9dcp+beX1Tr10UcZTiGEzgDFy6hDnfQgBYQyOEZXuHNerJerHfrY95asoqZQ/gD6/MHB9OWAw==</latexit><latexit sha1_base64="JYj3SAP1fDfvzCSxjFkEvrKcZg4=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSiKDHoggea7Ef0JSw2W7apbtJ2N0IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/OChDOlHefbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHstugBXlLKItzTSn3URSLAJOO8H4Zup3HqlULI4e9CShfYGHEQsZwdpIvn3khRKT7DbPmrmnmEDCx6jpO75ddWrODGiZuAWpQoGGb395g5ikgkaacKxUz3US3c+w1Ixwmle8VNEEkzEe0p6hERZU9bPZAzk6NcoAhbE0FWk0U39PZFgoNRGB6RRYj9SiNxX/83qpDq/6GYuSVNOIzBeFKUc6RtM00IBJSjSfGIKJZOZWREbYJKJNZhUTgrv48jJpn9dcp+beX1Tr10UcZTiGEzgDFy6hDnfQgBYQyOEZXuHNerJerHfrY95asoqZQ/gD6/MHB9OWAw==</latexit>

Thickness + radiation



• Unfortunately, it seems that there is no 

spherification effect…



Bias is important

• For ‘late birds’, the BH mass is 
dominated by bias term, and M 
scales like volume 

  

• The anihilation epoch doesn’t have 
a sharp end 

• There is a (small but nonzero) 
fraction of DWs present below T2

T

ΛQCD

fPQ

ΛQCD’{

M ⇠ �R2 +�V R3
<latexit sha1_base64="Xat/QfPMM0R1iN2N5K8mkpIojH4=">AAACCHicbVDLSgMxFM34rPU16tKFwSIIQpmpgi6LunAjVLEP6Iwlk962ocnMkGSEMnTpxl9x40IRt36CO//GtJ2Fth5IODnnXm7uCWLOlHacb2tufmFxaTm3kl9dW9/YtLe2aypKJIUqjXgkGwFRwFkIVc00h0YsgYiAQz3oX4z8+gNIxaLwTg9i8AXphqzDKNFGatl7155iApurKwi+vS/hI+xdAtcE18zzuGUXnKIzBp4lbkYKKEOlZX957YgmAkJNOVGq6Tqx9lMiNaMchnkvURAT2iddaBoaEgHKT8eLDPGBUdq4E0lzQo3H6u+OlAilBiIwlYLonpr2RuJ/XjPRnTM/ZWGcaAjpZFAn4VhHeJQKbjMJVPOBIYRKZv6KaY9IQrXJLm9CcKdXniW1UtF1iu7NSaF8nsWRQ7toHx0iF52iMrpCFVRFFD2iZ/SK3qwn68V6tz4mpXNW1rOD/sD6/AFCKJeM</latexit><latexit sha1_base64="Xat/QfPMM0R1iN2N5K8mkpIojH4=">AAACCHicbVDLSgMxFM34rPU16tKFwSIIQpmpgi6LunAjVLEP6Iwlk962ocnMkGSEMnTpxl9x40IRt36CO//GtJ2Fth5IODnnXm7uCWLOlHacb2tufmFxaTm3kl9dW9/YtLe2aypKJIUqjXgkGwFRwFkIVc00h0YsgYiAQz3oX4z8+gNIxaLwTg9i8AXphqzDKNFGatl7155iApurKwi+vS/hI+xdAtcE18zzuGUXnKIzBp4lbkYKKEOlZX957YgmAkJNOVGq6Tqx9lMiNaMchnkvURAT2iddaBoaEgHKT8eLDPGBUdq4E0lzQo3H6u+OlAilBiIwlYLonpr2RuJ/XjPRnTM/ZWGcaAjpZFAn4VhHeJQKbjMJVPOBIYRKZv6KaY9IQrXJLm9CcKdXniW1UtF1iu7NSaF8nsWRQ7toHx0iF52iMrpCFVRFFD2iZ/SK3qwn68V6tz4mpXNW1rOD/sD6/AFCKJeM</latexit><latexit sha1_base64="Xat/QfPMM0R1iN2N5K8mkpIojH4=">AAACCHicbVDLSgMxFM34rPU16tKFwSIIQpmpgi6LunAjVLEP6Iwlk962ocnMkGSEMnTpxl9x40IRt36CO//GtJ2Fth5IODnnXm7uCWLOlHacb2tufmFxaTm3kl9dW9/YtLe2aypKJIUqjXgkGwFRwFkIVc00h0YsgYiAQz3oX4z8+gNIxaLwTg9i8AXphqzDKNFGatl7155iApurKwi+vS/hI+xdAtcE18zzuGUXnKIzBp4lbkYKKEOlZX957YgmAkJNOVGq6Tqx9lMiNaMchnkvURAT2iddaBoaEgHKT8eLDPGBUdq4E0lzQo3H6u+OlAilBiIwlYLonpr2RuJ/XjPRnTM/ZWGcaAjpZFAn4VhHeJQKbjMJVPOBIYRKZv6KaY9IQrXJLm9CcKdXniW1UtF1iu7NSaF8nsWRQ7toHx0iF52iMrpCFVRFFD2iZ/SK3qwn68V6tz4mpXNW1rOD/sD6/AFCKJeM</latexit><latexit sha1_base64="Xat/QfPMM0R1iN2N5K8mkpIojH4=">AAACCHicbVDLSgMxFM34rPU16tKFwSIIQpmpgi6LunAjVLEP6Iwlk962ocnMkGSEMnTpxl9x40IRt36CO//GtJ2Fth5IODnnXm7uCWLOlHacb2tufmFxaTm3kl9dW9/YtLe2aypKJIUqjXgkGwFRwFkIVc00h0YsgYiAQz3oX4z8+gNIxaLwTg9i8AXphqzDKNFGatl7155iApurKwi+vS/hI+xdAtcE18zzuGUXnKIzBp4lbkYKKEOlZX957YgmAkJNOVGq6Tqx9lMiNaMchnkvURAT2iddaBoaEgHKT8eLDPGBUdq4E0lzQo3H6u+OlAilBiIwlYLonpr2RuJ/XjPRnTM/ZWGcaAjpZFAn4VhHeJQKbjMJVPOBIYRKZv6KaY9IQrXJLm9CcKdXniW1UtF1iu7NSaF8nsWRQ7toHx0iF52iMrpCFVRFFD2iZ/SK3qwn68V6tz4mpXNW1rOD/sD6/AFCKJeM</latexit>

M ⇠ �V M3
P

T 6
<latexit sha1_base64="rLRz6GeE5/9s76jy2d0QIYzza8g=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQqKrgp6sJNoUJf0KRhMp20Q2eSMDMRSsjejb/ixoUibv0Bd/6N0zYLrR64cDjnXu69x48ZlcqyvozC0vLK6lpxvbSxubW9Y+7utWWUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjj6+nfueeCEmjsKkmMXE5GoY0oBgpLXlmue5IyqETCIRT54YwhWDbuYR1r9E/ydJm/yzzzIpVtWaAf4mdkwrI0fDMT2cQ4YSTUGGGpOzZVqzcFAlFMSNZyUkkiREeoyHpaRoiTqSbzn7J4KFWBjCIhK5QwZn6cyJFXMoJ93UnR2okF72p+J/XS1Rw4aY0jBNFQjxfFCQMqghOg4EDKghWbKIJwoLqWyEeIR2L0vGVdAj24st/Sfu4altV++60UrvK4yiCA1AGR8AG56AGbkEDtAAGD+AJvIBX49F4Nt6M93lrwchn9sEvGB/fOxSZ4Q==</latexit><latexit sha1_base64="rLRz6GeE5/9s76jy2d0QIYzza8g=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQqKrgp6sJNoUJf0KRhMp20Q2eSMDMRSsjejb/ixoUibv0Bd/6N0zYLrR64cDjnXu69x48ZlcqyvozC0vLK6lpxvbSxubW9Y+7utWWUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjj6+nfueeCEmjsKkmMXE5GoY0oBgpLXlmue5IyqETCIRT54YwhWDbuYR1r9E/ydJm/yzzzIpVtWaAf4mdkwrI0fDMT2cQ4YSTUGGGpOzZVqzcFAlFMSNZyUkkiREeoyHpaRoiTqSbzn7J4KFWBjCIhK5QwZn6cyJFXMoJ93UnR2okF72p+J/XS1Rw4aY0jBNFQjxfFCQMqghOg4EDKghWbKIJwoLqWyEeIR2L0vGVdAj24st/Sfu4altV++60UrvK4yiCA1AGR8AG56AGbkEDtAAGD+AJvIBX49F4Nt6M93lrwchn9sEvGB/fOxSZ4Q==</latexit><latexit sha1_base64="rLRz6GeE5/9s76jy2d0QIYzza8g=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQqKrgp6sJNoUJf0KRhMp20Q2eSMDMRSsjejb/ixoUibv0Bd/6N0zYLrR64cDjnXu69x48ZlcqyvozC0vLK6lpxvbSxubW9Y+7utWWUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjj6+nfueeCEmjsKkmMXE5GoY0oBgpLXlmue5IyqETCIRT54YwhWDbuYR1r9E/ydJm/yzzzIpVtWaAf4mdkwrI0fDMT2cQ4YSTUGGGpOzZVqzcFAlFMSNZyUkkiREeoyHpaRoiTqSbzn7J4KFWBjCIhK5QwZn6cyJFXMoJ93UnR2okF72p+J/XS1Rw4aY0jBNFQjxfFCQMqghOg4EDKghWbKIJwoLqWyEeIR2L0vGVdAj24st/Sfu4altV++60UrvK4yiCA1AGR8AG56AGbkEDtAAGD+AJvIBX49F4Nt6M93lrwchn9sEvGB/fOxSZ4Q==</latexit><latexit sha1_base64="rLRz6GeE5/9s76jy2d0QIYzza8g=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQqKrgp6sJNoUJf0KRhMp20Q2eSMDMRSsjejb/ixoUibv0Bd/6N0zYLrR64cDjnXu69x48ZlcqyvozC0vLK6lpxvbSxubW9Y+7utWWUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjj6+nfueeCEmjsKkmMXE5GoY0oBgpLXlmue5IyqETCIRT54YwhWDbuYR1r9E/ydJm/yzzzIpVtWaAf4mdkwrI0fDMT2cQ4YSTUGGGpOzZVqzcFAlFMSNZyUkkiREeoyHpaRoiTqSbzn7J4KFWBjCIhK5QwZn6cyJFXMoJ93UnR2okF72p+J/XS1Rw4aY0jBNFQjxfFCQMqghOg4EDKghWbKIJwoLqWyEeIR2L0vGVdAj24st/Sfu4altV++60UrvK4yiCA1AGR8AG56AGbkEDtAAGD+AJvIBX49F4Nt6M93lrwchn9sEvGB/fOxSZ4Q==</latexit>

RSH ⇠ �V

T 4
<latexit sha1_base64="8PBVfZb9+8/3gstb8YPqchIdzGw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQKuizqosuqfUETw2Q6aYfOTMLMRCihOzf+ihsXirj1F9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtLS2vrK6tFzaKm1vbO7v23n5LxanEpIljFstOiBRhVJCmppqRTiIJ4iEj7XB4NfHbD0QqGouGHiXE56gvaEQx0kYK7KPb4A7WPEU59CKJcOZdE6YRbI2zxn1lHNglp+xMAReJm5MSyFEP7C+vF+OUE6ExQ0p1XSfRfoakppiRcdFLFUkQHqI+6RoqECfKz6Z/jOGJUXowiqUpoeFU/T2RIa7UiIemkyM9UPPeRPzP66Y6uvAzKpJUE4Fni6KUQR3DSSiwRyXBmo0MQVhScyvEA2Ti0Ca6ognBnX95kbTOyq5Tdm8qpeplHkcBHIJjcApccA6qoAbqoAkweATP4BW8WU/Wi/Vufcxal6x85gD8gfX5A7aGmJI=</latexit><latexit sha1_base64="8PBVfZb9+8/3gstb8YPqchIdzGw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQKuizqosuqfUETw2Q6aYfOTMLMRCihOzf+ihsXirj1F9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtLS2vrK6tFzaKm1vbO7v23n5LxanEpIljFstOiBRhVJCmppqRTiIJ4iEj7XB4NfHbD0QqGouGHiXE56gvaEQx0kYK7KPb4A7WPEU59CKJcOZdE6YRbI2zxn1lHNglp+xMAReJm5MSyFEP7C+vF+OUE6ExQ0p1XSfRfoakppiRcdFLFUkQHqI+6RoqECfKz6Z/jOGJUXowiqUpoeFU/T2RIa7UiIemkyM9UPPeRPzP66Y6uvAzKpJUE4Fni6KUQR3DSSiwRyXBmo0MQVhScyvEA2Ti0Ca6ognBnX95kbTOyq5Tdm8qpeplHkcBHIJjcApccA6qoAbqoAkweATP4BW8WU/Wi/Vufcxal6x85gD8gfX5A7aGmJI=</latexit><latexit sha1_base64="8PBVfZb9+8/3gstb8YPqchIdzGw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQKuizqosuqfUETw2Q6aYfOTMLMRCihOzf+ihsXirj1F9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtLS2vrK6tFzaKm1vbO7v23n5LxanEpIljFstOiBRhVJCmppqRTiIJ4iEj7XB4NfHbD0QqGouGHiXE56gvaEQx0kYK7KPb4A7WPEU59CKJcOZdE6YRbI2zxn1lHNglp+xMAReJm5MSyFEP7C+vF+OUE6ExQ0p1XSfRfoakppiRcdFLFUkQHqI+6RoqECfKz6Z/jOGJUXowiqUpoeFU/T2RIa7UiIemkyM9UPPeRPzP66Y6uvAzKpJUE4Fni6KUQR3DSSiwRyXBmo0MQVhScyvEA2Ti0Ca6ognBnX95kbTOyq5Tdm8qpeplHkcBHIJjcApccA6qoAbqoAkweATP4BW8WU/Wi/Vufcxal6x85gD8gfX5A7aGmJI=</latexit><latexit sha1_base64="8PBVfZb9+8/3gstb8YPqchIdzGw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQKuizqosuqfUETw2Q6aYfOTMLMRCihOzf+ihsXirj1F9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtLS2vrK6tFzaKm1vbO7v23n5LxanEpIljFstOiBRhVJCmppqRTiIJ4iEj7XB4NfHbD0QqGouGHiXE56gvaEQx0kYK7KPb4A7WPEU59CKJcOZdE6YRbI2zxn1lHNglp+xMAReJm5MSyFEP7C+vF+OUE6ExQ0p1XSfRfoakppiRcdFLFUkQHqI+6RoqECfKz6Z/jOGJUXowiqUpoeFU/T2RIa7UiIemkyM9UPPeRPzP66Y6uvAzKpJUE4Fni6KUQR3DSSiwRyXBmo0MQVhScyvEA2Ti0Ca6ognBnX95kbTOyq5Tdm8qpeplHkcBHIJjcApccA6qoAbqoAkweATP4BW8WU/Wi/Vufcxal6x85gD8gfX5A7aGmJI=</latexit>
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Late-birds

Heavy BHs 
easily 
formed!







Conclusions
• Axionic String-Wall Network collapse seems to be a PBH 

formation mechanism — not tied to inflation!  

• For the QCD axion,    MPBH ~ 106                       

• Fraction depends on DW+string network collapse details         
— a problem worth studying more closely 

• In this mechanism PBHs are a fraction of DM naturally 

• (not lunar mass, as previously claimed)

M⊙



Thank you


