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PBHs as DM 
• Interest: alternative, traditionally astrophysical, DM 

candidate.

Taken from: Carr et al., arXiv:1607.06077
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Assumption:  
monochromatic 
mass distribution

However:



Interest in heavy BHs
• We (can) hear them! (LIGO-LISA-etc) 

• We “see” them! (Super-Massive BHs at the centre 
of galaxies, maybe primordial?) 

• Small fraction of very heavy (                  ) PBHs: 
helps in generation of cosmological structures and 
may alleviate problems of CDM on sub-galactic 
scales! (Clesse et al. ´15, Carr and Silk ´18).
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Focus of this talk
• Most studied formation mechanism: gravitational 

collapse of density fluctuations from Inflation. 

• Alternative formation mechanism: collapse of 
topological defects in the early Universe. 

• Examples: strings (Vilenkin ´81, …), domain walls (Khlopov
´05,…, Deng et al. ´17).
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Focus of this talk
• Most studied formation mechanism: gravitational 

collapse of density fluctuations from Inflation. 

• Alternative formation mechanism: collapse of 
topological defects in the early Universe. 

• Examples: strings (Vilenkin ´81, …), domain walls (Khlopov
´05,…, Deng et al. ´17).

Collapse driven by tension!



PBHs from domain walls (DWs)

• DW collapses once 
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Wall tension
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H
�1
? ⌘ H

�1(T?) ⇠ R?
<latexit sha1_base64="yacmu3V2q3c/PtFE8TaDQFKLsrg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1YUmkoMuimy6r9AVNDJPppB06eTgzKZSQH3Hjr7hxoYgLN+LfOE1T0NYDA+eecy937nEjRoU0jG9tZXVtfWOzsFXc3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk445upn5nTLigYdCUk4jYPhoE1KMYSSU5erXuJJaQiKf3ybmZWuQhpmNYz4pyc+6dWYL68G5eOnrJqBgZ4DIxc1ICORqO/mn1Qxz7JJCYISF6phFJO0FcUsxIWrRiQSKER2hAeooGyCfCTrLrUniqlD70Qq5eIGGm/p5IkC/ExHdVp4/kUCx6U/E/rxdL78pOaBDFkgR4tsiLGZQhnEYF+5QTLNlEEYQ5VX+FeIg4wlIFWlQhmIsnL5P2RcU0KuZttVS7zuMogGNwAsrABJegBuqgAVoAg0fwDF7Bm/akvWjv2sesdUXLZ47AH2hfP8OEolQ=</latexit><latexit sha1_base64="yacmu3V2q3c/PtFE8TaDQFKLsrg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1YUmkoMuimy6r9AVNDJPppB06eTgzKZSQH3Hjr7hxoYgLN+LfOE1T0NYDA+eecy937nEjRoU0jG9tZXVtfWOzsFXc3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk445upn5nTLigYdCUk4jYPhoE1KMYSSU5erXuJJaQiKf3ybmZWuQhpmNYz4pyc+6dWYL68G5eOnrJqBgZ4DIxc1ICORqO/mn1Qxz7JJCYISF6phFJO0FcUsxIWrRiQSKER2hAeooGyCfCTrLrUniqlD70Qq5eIGGm/p5IkC/ExHdVp4/kUCx6U/E/rxdL78pOaBDFkgR4tsiLGZQhnEYF+5QTLNlEEYQ5VX+FeIg4wlIFWlQhmIsnL5P2RcU0KuZttVS7zuMogGNwAsrABJegBuqgAVoAg0fwDF7Bm/akvWjv2sesdUXLZ47AH2hfP8OEolQ=</latexit><latexit sha1_base64="yacmu3V2q3c/PtFE8TaDQFKLsrg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1YUmkoMuimy6r9AVNDJPppB06eTgzKZSQH3Hjr7hxoYgLN+LfOE1T0NYDA+eecy937nEjRoU0jG9tZXVtfWOzsFXc3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk445upn5nTLigYdCUk4jYPhoE1KMYSSU5erXuJJaQiKf3ybmZWuQhpmNYz4pyc+6dWYL68G5eOnrJqBgZ4DIxc1ICORqO/mn1Qxz7JJCYISF6phFJO0FcUsxIWrRiQSKER2hAeooGyCfCTrLrUniqlD70Qq5eIGGm/p5IkC/ExHdVp4/kUCx6U/E/rxdL78pOaBDFkgR4tsiLGZQhnEYF+5QTLNlEEYQ5VX+FeIg4wlIFWlQhmIsnL5P2RcU0KuZttVS7zuMogGNwAsrABJegBuqgAVoAg0fwDF7Bm/akvWjv2sesdUXLZ47AH2hfP8OEolQ=</latexit><latexit sha1_base64="yacmu3V2q3c/PtFE8TaDQFKLsrg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1YUmkoMuimy6r9AVNDJPppB06eTgzKZSQH3Hjr7hxoYgLN+LfOE1T0NYDA+eecy937nEjRoU0jG9tZXVtfWOzsFXc3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk445upn5nTLigYdCUk4jYPhoE1KMYSSU5erXuJJaQiKf3ybmZWuQhpmNYz4pyc+6dWYL68G5eOnrJqBgZ4DIxc1ICORqO/mn1Qxz7JJCYISF6phFJO0FcUsxIWrRiQSKER2hAeooGyCfCTrLrUniqlD70Qq5eIGGm/p5IkC/ExHdVp4/kUCx6U/E/rxdL78pOaBDFkgR4tsiLGZQhnEYF+5QTLNlEEYQ5VX+FeIg4wlIFWlQhmIsnL5P2RcU0KuZttVS7zuMogGNwAsrABJegBuqgAVoAg0fwDF7Bm/akvWjv2sesdUXLZ47AH2hfP8OEolQ=</latexit>

VA
<latexit sha1_base64="MDG3NO1ehjbyJDOY8xb3ioRTGYw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJb/Xzm2m/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AtIaOmg==</latexit><latexit sha1_base64="MDG3NO1ehjbyJDOY8xb3ioRTGYw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJb/Xzm2m/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AtIaOmg==</latexit><latexit sha1_base64="MDG3NO1ehjbyJDOY8xb3ioRTGYw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJb/Xzm2m/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AtIaOmg==</latexit><latexit sha1_base64="MDG3NO1ehjbyJDOY8xb3ioRTGYw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJb/Xzm2m/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AtIaOmg==</latexit>



PBHs from domain walls (DWs)

• DW collapses once 

R?<latexit sha1_base64="bqJqF2P0MwDlImqxV7sWX+4p8LE=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnFxEhyhL3NJlmyu3fszgnhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFpRdRyKTRvoEDJW4nhVEWSP0Sj66n/8MSNFbG+x3HCQ0UHWvQFo+ikx7tu1rFIzaRbrvhVfwayTIKcVCBHvVv+6vRiliqukUlqbTvwEwwzalAwySelTmp5QtmIDnjbUU0Vt2E2O3hCTpzSI/3YuNJIZurviYwqa8cqcp2K4tAuelPxP6+dYv8yzIROUuSazRf1U0kwJtPvSU8YzlCOHaHMCHcrYUNqKEOXUcmFECy+vEyaZ9XArwa355XaVR5HEY7gGE4hgAuowQ3UoQEMFDzDK7x5xnvx3r2PeWvBy2cO4Q+8zx8TyZCT</latexit><latexit sha1_base64="bqJqF2P0MwDlImqxV7sWX+4p8LE=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnFxEhyhL3NJlmyu3fszgnhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFpRdRyKTRvoEDJW4nhVEWSP0Sj66n/8MSNFbG+x3HCQ0UHWvQFo+ikx7tu1rFIzaRbrvhVfwayTIKcVCBHvVv+6vRiliqukUlqbTvwEwwzalAwySelTmp5QtmIDnjbUU0Vt2E2O3hCTpzSI/3YuNJIZurviYwqa8cqcp2K4tAuelPxP6+dYv8yzIROUuSazRf1U0kwJtPvSU8YzlCOHaHMCHcrYUNqKEOXUcmFECy+vEyaZ9XArwa355XaVR5HEY7gGE4hgAuowQ3UoQEMFDzDK7x5xnvx3r2PeWvBy2cO4Q+8zx8TyZCT</latexit><latexit sha1_base64="bqJqF2P0MwDlImqxV7sWX+4p8LE=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnFxEhyhL3NJlmyu3fszgnhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFpRdRyKTRvoEDJW4nhVEWSP0Sj66n/8MSNFbG+x3HCQ0UHWvQFo+ikx7tu1rFIzaRbrvhVfwayTIKcVCBHvVv+6vRiliqukUlqbTvwEwwzalAwySelTmp5QtmIDnjbUU0Vt2E2O3hCTpzSI/3YuNJIZurviYwqa8cqcp2K4tAuelPxP6+dYv8yzIROUuSazRf1U0kwJtPvSU8YzlCOHaHMCHcrYUNqKEOXUcmFECy+vEyaZ9XArwa355XaVR5HEY7gGE4hgAuowQ3UoQEMFDzDK7x5xnvx3r2PeWvBy2cO4Q+8zx8TyZCT</latexit><latexit sha1_base64="bqJqF2P0MwDlImqxV7sWX+4p8LE=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnFxEhyhL3NJlmyu3fszgnhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFpRdRyKTRvoEDJW4nhVEWSP0Sj66n/8MSNFbG+x3HCQ0UHWvQFo+ikx7tu1rFIzaRbrvhVfwayTIKcVCBHvVv+6vRiliqukUlqbTvwEwwzalAwySelTmp5QtmIDnjbUU0Vt2E2O3hCTpzSI/3YuNJIZurviYwqa8cqcp2K4tAuelPxP6+dYv8yzIROUuSazRf1U0kwJtPvSU8YzlCOHaHMCHcrYUNqKEOXUcmFECy+vEyaZ9XArwa355XaVR5HEY7gGE4hgAuowQ3UoQEMFDzDK7x5xnvx3r2PeWvBy2cO4Q+8zx8TyZCT</latexit>

• Collapsing mass

Wall tension
�

<latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit>
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<latexit sha1_base64="5l5L7nrmHoBV8ksif1a4JRebRuY="></latexit><latexit sha1_base64="5l5L7nrmHoBV8ksif1a4JRebRuY="></latexit><latexit sha1_base64="5l5L7nrmHoBV8ksif1a4JRebRuY="></latexit><latexit sha1_base64="5l5L7nrmHoBV8ksif1a4JRebRuY="></latexit>

VB . VA
<latexit sha1_base64="9CoFUGYoHGscTu3cOGvG4oGdgLo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMdaLx4r2FpoQ9hsJ+3SzSbsboQQ4l/x4kERr/4Qb/4bt20O2vpg4O17M+zMCxLOlHacb6uytr6xuVXdru3s7u0f2IdHPRWnkkKXxjyW/YAo4ExAVzPNoZ9IIFHA4SGY3sz8h0eQisXiXmcJeBEZCxYySrSRfLve8/N2MeSglGIRNq/rwrcbTtOZA68StyQNVKLj21/DUUzTCISmnCg1cJ1EezmRmlEORW2YKkgInZIxDAwVJALl5fPlC3xqlBEOY2lKaDxXf0/kJFIqiwLTGRE9UcveTPzPG6Q6vPJyJpJUg6CLj8KUYx3jWRJ4xCRQzTNDCJXM7IrphEhCtcmrZkJwl09eJb3zpus03buLRqtdxlFFx+gEnSEXXaIWukUd1EUUZegZvaI368l6sd6tj0VrxSpn6ugPrM8fqCaUwg==</latexit><latexit sha1_base64="9CoFUGYoHGscTu3cOGvG4oGdgLo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMdaLx4r2FpoQ9hsJ+3SzSbsboQQ4l/x4kERr/4Qb/4bt20O2vpg4O17M+zMCxLOlHacb6uytr6xuVXdru3s7u0f2IdHPRWnkkKXxjyW/YAo4ExAVzPNoZ9IIFHA4SGY3sz8h0eQisXiXmcJeBEZCxYySrSRfLve8/N2MeSglGIRNq/rwrcbTtOZA68StyQNVKLj21/DUUzTCISmnCg1cJ1EezmRmlEORW2YKkgInZIxDAwVJALl5fPlC3xqlBEOY2lKaDxXf0/kJFIqiwLTGRE9UcveTPzPG6Q6vPJyJpJUg6CLj8KUYx3jWRJ4xCRQzTNDCJXM7IrphEhCtcmrZkJwl09eJb3zpus03buLRqtdxlFFx+gEnSEXXaIWukUd1EUUZegZvaI368l6sd6tj0VrxSpn6ugPrM8fqCaUwg==</latexit><latexit sha1_base64="9CoFUGYoHGscTu3cOGvG4oGdgLo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMdaLx4r2FpoQ9hsJ+3SzSbsboQQ4l/x4kERr/4Qb/4bt20O2vpg4O17M+zMCxLOlHacb6uytr6xuVXdru3s7u0f2IdHPRWnkkKXxjyW/YAo4ExAVzPNoZ9IIFHA4SGY3sz8h0eQisXiXmcJeBEZCxYySrSRfLve8/N2MeSglGIRNq/rwrcbTtOZA68StyQNVKLj21/DUUzTCISmnCg1cJ1EezmRmlEORW2YKkgInZIxDAwVJALl5fPlC3xqlBEOY2lKaDxXf0/kJFIqiwLTGRE9UcveTPzPG6Q6vPJyJpJUg6CLj8KUYx3jWRJ4xCRQzTNDCJXM7IrphEhCtcmrZkJwl09eJb3zpus03buLRqtdxlFFx+gEnSEXXaIWukUd1EUUZegZvaI368l6sd6tj0VrxSpn6ugPrM8fqCaUwg==</latexit><latexit sha1_base64="9CoFUGYoHGscTu3cOGvG4oGdgLo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMdaLx4r2FpoQ9hsJ+3SzSbsboQQ4l/x4kERr/4Qb/4bt20O2vpg4O17M+zMCxLOlHacb6uytr6xuVXdru3s7u0f2IdHPRWnkkKXxjyW/YAo4ExAVzPNoZ9IIFHA4SGY3sz8h0eQisXiXmcJeBEZCxYySrSRfLve8/N2MeSglGIRNq/rwrcbTtOZA68StyQNVKLj21/DUUzTCISmnCg1cJ1EezmRmlEORW2YKkgInZIxDAwVJALl5fPlC3xqlBEOY2lKaDxXf0/kJFIqiwLTGRE9UcveTPzPG6Q6vPJyJpJUg6CLj8KUYx3jWRJ4xCRQzTNDCJXM7IrphEhCtcmrZkJwl09eJb3zpus03buLRqtdxlFFx+gEnSEXXaIWukUd1EUUZegZvaI368l6sd6tj0VrxSpn6ugPrM8fqCaUwg==</latexit>
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�1(T?) ⇠ R?
<latexit sha1_base64="yacmu3V2q3c/PtFE8TaDQFKLsrg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1YUmkoMuimy6r9AVNDJPppB06eTgzKZSQH3Hjr7hxoYgLN+LfOE1T0NYDA+eecy937nEjRoU0jG9tZXVtfWOzsFXc3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk445upn5nTLigYdCUk4jYPhoE1KMYSSU5erXuJJaQiKf3ybmZWuQhpmNYz4pyc+6dWYL68G5eOnrJqBgZ4DIxc1ICORqO/mn1Qxz7JJCYISF6phFJO0FcUsxIWrRiQSKER2hAeooGyCfCTrLrUniqlD70Qq5eIGGm/p5IkC/ExHdVp4/kUCx6U/E/rxdL78pOaBDFkgR4tsiLGZQhnEYF+5QTLNlEEYQ5VX+FeIg4wlIFWlQhmIsnL5P2RcU0KuZttVS7zuMogGNwAsrABJegBuqgAVoAg0fwDF7Bm/akvWjv2sesdUXLZ47AH2hfP8OEolQ=</latexit><latexit sha1_base64="yacmu3V2q3c/PtFE8TaDQFKLsrg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1YUmkoMuimy6r9AVNDJPppB06eTgzKZSQH3Hjr7hxoYgLN+LfOE1T0NYDA+eecy937nEjRoU0jG9tZXVtfWOzsFXc3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk445upn5nTLigYdCUk4jYPhoE1KMYSSU5erXuJJaQiKf3ybmZWuQhpmNYz4pyc+6dWYL68G5eOnrJqBgZ4DIxc1ICORqO/mn1Qxz7JJCYISF6phFJO0FcUsxIWrRiQSKER2hAeooGyCfCTrLrUniqlD70Qq5eIGGm/p5IkC/ExHdVp4/kUCx6U/E/rxdL78pOaBDFkgR4tsiLGZQhnEYF+5QTLNlEEYQ5VX+FeIg4wlIFWlQhmIsnL5P2RcU0KuZttVS7zuMogGNwAsrABJegBuqgAVoAg0fwDF7Bm/akvWjv2sesdUXLZ47AH2hfP8OEolQ=</latexit><latexit sha1_base64="yacmu3V2q3c/PtFE8TaDQFKLsrg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1YUmkoMuimy6r9AVNDJPppB06eTgzKZSQH3Hjr7hxoYgLN+LfOE1T0NYDA+eecy937nEjRoU0jG9tZXVtfWOzsFXc3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk445upn5nTLigYdCUk4jYPhoE1KMYSSU5erXuJJaQiKf3ybmZWuQhpmNYz4pyc+6dWYL68G5eOnrJqBgZ4DIxc1ICORqO/mn1Qxz7JJCYISF6phFJO0FcUsxIWrRiQSKER2hAeooGyCfCTrLrUniqlD70Qq5eIGGm/p5IkC/ExHdVp4/kUCx6U/E/rxdL78pOaBDFkgR4tsiLGZQhnEYF+5QTLNlEEYQ5VX+FeIg4wlIFWlQhmIsnL5P2RcU0KuZttVS7zuMogGNwAsrABJegBuqgAVoAg0fwDF7Bm/akvWjv2sesdUXLZ47AH2hfP8OEolQ=</latexit><latexit sha1_base64="yacmu3V2q3c/PtFE8TaDQFKLsrg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1YUmkoMuimy6r9AVNDJPppB06eTgzKZSQH3Hjr7hxoYgLN+LfOE1T0NYDA+eecy937nEjRoU0jG9tZXVtfWOzsFXc3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk445upn5nTLigYdCUk4jYPhoE1KMYSSU5erXuJJaQiKf3ybmZWuQhpmNYz4pyc+6dWYL68G5eOnrJqBgZ4DIxc1ICORqO/mn1Qxz7JJCYISF6phFJO0FcUsxIWrRiQSKER2hAeooGyCfCTrLrUniqlD70Qq5eIGGm/p5IkC/ExHdVp4/kUCx6U/E/rxdL78pOaBDFkgR4tsiLGZQhnEYF+5QTLNlEEYQ5VX+FeIg4wlIFWlQhmIsnL5P2RcU0KuZttVS7zuMogGNwAsrABJegBuqgAVoAg0fwDF7Bm/akvWjv2sesdUXLZ47AH2hfP8OEolQ=</latexit>

VA
<latexit sha1_base64="MDG3NO1ehjbyJDOY8xb3ioRTGYw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJb/Xzm2m/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AtIaOmg==</latexit><latexit sha1_base64="MDG3NO1ehjbyJDOY8xb3ioRTGYw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJb/Xzm2m/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AtIaOmg==</latexit><latexit sha1_base64="MDG3NO1ehjbyJDOY8xb3ioRTGYw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJb/Xzm2m/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AtIaOmg==</latexit><latexit sha1_base64="MDG3NO1ehjbyJDOY8xb3ioRTGYw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJb/Xzm2m/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AtIaOmg==</latexit>



PBHs from domain walls (DWs)

• DW collapses once 

R?<latexit sha1_base64="bqJqF2P0MwDlImqxV7sWX+4p8LE=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnFxEhyhL3NJlmyu3fszgnhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFpRdRyKTRvoEDJW4nhVEWSP0Sj66n/8MSNFbG+x3HCQ0UHWvQFo+ikx7tu1rFIzaRbrvhVfwayTIKcVCBHvVv+6vRiliqukUlqbTvwEwwzalAwySelTmp5QtmIDnjbUU0Vt2E2O3hCTpzSI/3YuNJIZurviYwqa8cqcp2K4tAuelPxP6+dYv8yzIROUuSazRf1U0kwJtPvSU8YzlCOHaHMCHcrYUNqKEOXUcmFECy+vEyaZ9XArwa355XaVR5HEY7gGE4hgAuowQ3UoQEMFDzDK7x5xnvx3r2PeWvBy2cO4Q+8zx8TyZCT</latexit><latexit sha1_base64="bqJqF2P0MwDlImqxV7sWX+4p8LE=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnFxEhyhL3NJlmyu3fszgnhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFpRdRyKTRvoEDJW4nhVEWSP0Sj66n/8MSNFbG+x3HCQ0UHWvQFo+ikx7tu1rFIzaRbrvhVfwayTIKcVCBHvVv+6vRiliqukUlqbTvwEwwzalAwySelTmp5QtmIDnjbUU0Vt2E2O3hCTpzSI/3YuNJIZurviYwqa8cqcp2K4tAuelPxP6+dYv8yzIROUuSazRf1U0kwJtPvSU8YzlCOHaHMCHcrYUNqKEOXUcmFECy+vEyaZ9XArwa355XaVR5HEY7gGE4hgAuowQ3UoQEMFDzDK7x5xnvx3r2PeWvBy2cO4Q+8zx8TyZCT</latexit><latexit sha1_base64="bqJqF2P0MwDlImqxV7sWX+4p8LE=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnFxEhyhL3NJlmyu3fszgnhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFpRdRyKTRvoEDJW4nhVEWSP0Sj66n/8MSNFbG+x3HCQ0UHWvQFo+ikx7tu1rFIzaRbrvhVfwayTIKcVCBHvVv+6vRiliqukUlqbTvwEwwzalAwySelTmp5QtmIDnjbUU0Vt2E2O3hCTpzSI/3YuNJIZurviYwqa8cqcp2K4tAuelPxP6+dYv8yzIROUuSazRf1U0kwJtPvSU8YzlCOHaHMCHcrYUNqKEOXUcmFECy+vEyaZ9XArwa355XaVR5HEY7gGE4hgAuowQ3UoQEMFDzDK7x5xnvx3r2PeWvBy2cO4Q+8zx8TyZCT</latexit><latexit sha1_base64="bqJqF2P0MwDlImqxV7sWX+4p8LE=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnFxEhyhL3NJlmyu3fszgnhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFpRdRyKTRvoEDJW4nhVEWSP0Sj66n/8MSNFbG+x3HCQ0UHWvQFo+ikx7tu1rFIzaRbrvhVfwayTIKcVCBHvVv+6vRiliqukUlqbTvwEwwzalAwySelTmp5QtmIDnjbUU0Vt2E2O3hCTpzSI/3YuNJIZurviYwqa8cqcp2K4tAuelPxP6+dYv8yzIROUuSazRf1U0kwJtPvSU8YzlCOHaHMCHcrYUNqKEOXUcmFECy+vEyaZ9XArwa355XaVR5HEY7gGE4hgAuowQ3UoQEMFDzDK7x5xnvx3r2PeWvBy2cO4Q+8zx8TyZCT</latexit>

• Collapsing mass

Wall tension
�

<latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit>
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<latexit sha1_base64="5l5L7nrmHoBV8ksif1a4JRebRuY="></latexit><latexit sha1_base64="5l5L7nrmHoBV8ksif1a4JRebRuY="></latexit><latexit sha1_base64="5l5L7nrmHoBV8ksif1a4JRebRuY="></latexit><latexit sha1_base64="5l5L7nrmHoBV8ksif1a4JRebRuY="></latexit>

VB . VA
<latexit sha1_base64="9CoFUGYoHGscTu3cOGvG4oGdgLo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMdaLx4r2FpoQ9hsJ+3SzSbsboQQ4l/x4kERr/4Qb/4bt20O2vpg4O17M+zMCxLOlHacb6uytr6xuVXdru3s7u0f2IdHPRWnkkKXxjyW/YAo4ExAVzPNoZ9IIFHA4SGY3sz8h0eQisXiXmcJeBEZCxYySrSRfLve8/N2MeSglGIRNq/rwrcbTtOZA68StyQNVKLj21/DUUzTCISmnCg1cJ1EezmRmlEORW2YKkgInZIxDAwVJALl5fPlC3xqlBEOY2lKaDxXf0/kJFIqiwLTGRE9UcveTPzPG6Q6vPJyJpJUg6CLj8KUYx3jWRJ4xCRQzTNDCJXM7IrphEhCtcmrZkJwl09eJb3zpus03buLRqtdxlFFx+gEnSEXXaIWukUd1EUUZegZvaI368l6sd6tj0VrxSpn6ugPrM8fqCaUwg==</latexit><latexit sha1_base64="9CoFUGYoHGscTu3cOGvG4oGdgLo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMdaLx4r2FpoQ9hsJ+3SzSbsboQQ4l/x4kERr/4Qb/4bt20O2vpg4O17M+zMCxLOlHacb6uytr6xuVXdru3s7u0f2IdHPRWnkkKXxjyW/YAo4ExAVzPNoZ9IIFHA4SGY3sz8h0eQisXiXmcJeBEZCxYySrSRfLve8/N2MeSglGIRNq/rwrcbTtOZA68StyQNVKLj21/DUUzTCISmnCg1cJ1EezmRmlEORW2YKkgInZIxDAwVJALl5fPlC3xqlBEOY2lKaDxXf0/kJFIqiwLTGRE9UcveTPzPG6Q6vPJyJpJUg6CLj8KUYx3jWRJ4xCRQzTNDCJXM7IrphEhCtcmrZkJwl09eJb3zpus03buLRqtdxlFFx+gEnSEXXaIWukUd1EUUZegZvaI368l6sd6tj0VrxSpn6ugPrM8fqCaUwg==</latexit><latexit sha1_base64="9CoFUGYoHGscTu3cOGvG4oGdgLo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMdaLx4r2FpoQ9hsJ+3SzSbsboQQ4l/x4kERr/4Qb/4bt20O2vpg4O17M+zMCxLOlHacb6uytr6xuVXdru3s7u0f2IdHPRWnkkKXxjyW/YAo4ExAVzPNoZ9IIFHA4SGY3sz8h0eQisXiXmcJeBEZCxYySrSRfLve8/N2MeSglGIRNq/rwrcbTtOZA68StyQNVKLj21/DUUzTCISmnCg1cJ1EezmRmlEORW2YKkgInZIxDAwVJALl5fPlC3xqlBEOY2lKaDxXf0/kJFIqiwLTGRE9UcveTPzPG6Q6vPJyJpJUg6CLj8KUYx3jWRJ4xCRQzTNDCJXM7IrphEhCtcmrZkJwl09eJb3zpus03buLRqtdxlFFx+gEnSEXXaIWukUd1EUUZegZvaI368l6sd6tj0VrxSpn6ugPrM8fqCaUwg==</latexit><latexit sha1_base64="9CoFUGYoHGscTu3cOGvG4oGdgLo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMdaLx4r2FpoQ9hsJ+3SzSbsboQQ4l/x4kERr/4Qb/4bt20O2vpg4O17M+zMCxLOlHacb6uytr6xuVXdru3s7u0f2IdHPRWnkkKXxjyW/YAo4ExAVzPNoZ9IIFHA4SGY3sz8h0eQisXiXmcJeBEZCxYySrSRfLve8/N2MeSglGIRNq/rwrcbTtOZA68StyQNVKLj21/DUUzTCISmnCg1cJ1EezmRmlEORW2YKkgInZIxDAwVJALl5fPlC3xqlBEOY2lKaDxXf0/kJFIqiwLTGRE9UcveTPzPG6Q6vPJyJpJUg6CLj8KUYx3jWRJ4xCRQzTNDCJXM7IrphEhCtcmrZkJwl09eJb3zpus03buLRqtdxlFFx+gEnSEXXaIWukUd1EUUZegZvaI368l6sd6tj0VrxSpn6ugPrM8fqCaUwg==</latexit>

<latexit sha1_base64="/VaIRFIwHl74r36EppTUnLi4vqo=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWBIp6LLoxmWFvqCJYTKdtENnJmFmIoQQf8WNC0Xc+iHu/BunbRbaeuDC4Zx7ufeeMGFUacf5ttbWNza3tis71d29/YND++i4p+JUYtLFMYvlIESKMCpIV1PNyCCRBPGQkX44vZ35/UciFY1FR2cJ8TkaCxpRjLSRArvmKcphJ8g9pZEsHvKLZhHYdafhzAFXiVuSOijRDuwvbxTjlBOhMUNKDV0n0X6OpKaYkaLqpYokCE/RmAwNFYgT5efz4wt4ZpQRjGJpSmg4V39P5IgrlfHQdHKkJ2rZm4n/ecNUR9d+TkWSaiLwYlGUMqhjOEsCjqgkWLPMEIQlNbdCPEESYW3yqpoQ3OWXV0nvsuE6Dfe+WW/dlHFUwAk4BefABVegBe5AG3QBBhl4Bq/gzXqyXqx362PRumaVMzXwB9bnD3xXlKY=</latexit> <latexit sha1_base64="NEewH7YCJDx1ZqPC/cl1l3iPA2w=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWBIRdVl047JCX9DEMJlO2qEzkzAzEUKIv+LGhSJu/RB3/o3TNgttPXDhcM693HtPmDCqtON8Wyura+sbm5Wt6vbO7t6+fXDYVXEqMengmMWyHyJFGBWko6lmpJ9IgnjISC+c3E793iORisairbOE+ByNBI0oRtpIgV3zFOWwHeSe0kgWD/nZZRHYdafhzACXiVuSOijRCuwvbxjjlBOhMUNKDVwn0X6OpKaYkaLqpYokCE/QiAwMFYgT5eez4wt4YpQhjGJpSmg4U39P5IgrlfHQdHKkx2rRm4r/eYNUR9d+TkWSaiLwfFGUMqhjOE0CDqkkWLPMEIQlNbdCPEYSYW3yqpoQ3MWXl0n3vOE6Dff+ot68KeOogCNwDE6BC65AE9yBFugADDLwDF7Bm/VkvVjv1se8dcUqZ2rgD6zPH39hlKg=</latexit>
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<latexit sha1_base64="yacmu3V2q3c/PtFE8TaDQFKLsrg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1YUmkoMuimy6r9AVNDJPppB06eTgzKZSQH3Hjr7hxoYgLN+LfOE1T0NYDA+eecy937nEjRoU0jG9tZXVtfWOzsFXc3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk445upn5nTLigYdCUk4jYPhoE1KMYSSU5erXuJJaQiKf3ybmZWuQhpmNYz4pyc+6dWYL68G5eOnrJqBgZ4DIxc1ICORqO/mn1Qxz7JJCYISF6phFJO0FcUsxIWrRiQSKER2hAeooGyCfCTrLrUniqlD70Qq5eIGGm/p5IkC/ExHdVp4/kUCx6U/E/rxdL78pOaBDFkgR4tsiLGZQhnEYF+5QTLNlEEYQ5VX+FeIg4wlIFWlQhmIsnL5P2RcU0KuZttVS7zuMogGNwAsrABJegBuqgAVoAg0fwDF7Bm/akvWjv2sesdUXLZ47AH2hfP8OEolQ=</latexit><latexit sha1_base64="yacmu3V2q3c/PtFE8TaDQFKLsrg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1YUmkoMuimy6r9AVNDJPppB06eTgzKZSQH3Hjr7hxoYgLN+LfOE1T0NYDA+eecy937nEjRoU0jG9tZXVtfWOzsFXc3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk445upn5nTLigYdCUk4jYPhoE1KMYSSU5erXuJJaQiKf3ybmZWuQhpmNYz4pyc+6dWYL68G5eOnrJqBgZ4DIxc1ICORqO/mn1Qxz7JJCYISF6phFJO0FcUsxIWrRiQSKER2hAeooGyCfCTrLrUniqlD70Qq5eIGGm/p5IkC/ExHdVp4/kUCx6U/E/rxdL78pOaBDFkgR4tsiLGZQhnEYF+5QTLNlEEYQ5VX+FeIg4wlIFWlQhmIsnL5P2RcU0KuZttVS7zuMogGNwAsrABJegBuqgAVoAg0fwDF7Bm/akvWjv2sesdUXLZ47AH2hfP8OEolQ=</latexit><latexit sha1_base64="yacmu3V2q3c/PtFE8TaDQFKLsrg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1YUmkoMuimy6r9AVNDJPppB06eTgzKZSQH3Hjr7hxoYgLN+LfOE1T0NYDA+eecy937nEjRoU0jG9tZXVtfWOzsFXc3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk445upn5nTLigYdCUk4jYPhoE1KMYSSU5erXuJJaQiKf3ybmZWuQhpmNYz4pyc+6dWYL68G5eOnrJqBgZ4DIxc1ICORqO/mn1Qxz7JJCYISF6phFJO0FcUsxIWrRiQSKER2hAeooGyCfCTrLrUniqlD70Qq5eIGGm/p5IkC/ExHdVp4/kUCx6U/E/rxdL78pOaBDFkgR4tsiLGZQhnEYF+5QTLNlEEYQ5VX+FeIg4wlIFWlQhmIsnL5P2RcU0KuZttVS7zuMogGNwAsrABJegBuqgAVoAg0fwDF7Bm/akvWjv2sesdUXLZ47AH2hfP8OEolQ=</latexit><latexit sha1_base64="yacmu3V2q3c/PtFE8TaDQFKLsrg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1YUmkoMuimy6r9AVNDJPppB06eTgzKZSQH3Hjr7hxoYgLN+LfOE1T0NYDA+eecy937nEjRoU0jG9tZXVtfWOzsFXc3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk445upn5nTLigYdCUk4jYPhoE1KMYSSU5erXuJJaQiKf3ybmZWuQhpmNYz4pyc+6dWYL68G5eOnrJqBgZ4DIxc1ICORqO/mn1Qxz7JJCYISF6phFJO0FcUsxIWrRiQSKER2hAeooGyCfCTrLrUniqlD70Qq5eIGGm/p5IkC/ExHdVp4/kUCx6U/E/rxdL78pOaBDFkgR4tsiLGZQhnEYF+5QTLNlEEYQ5VX+FeIg4wlIFWlQhmIsnL5P2RcU0KuZttVS7zuMogGNwAsrABJegBuqgAVoAg0fwDF7Bm/akvWjv2sesdUXLZ47AH2hfP8OEolQ=</latexit>
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<latexit sha1_base64="MDG3NO1ehjbyJDOY8xb3ioRTGYw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJb/Xzm2m/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AtIaOmg==</latexit><latexit sha1_base64="MDG3NO1ehjbyJDOY8xb3ioRTGYw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJb/Xzm2m/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AtIaOmg==</latexit><latexit sha1_base64="MDG3NO1ehjbyJDOY8xb3ioRTGYw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJb/Xzm2m/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AtIaOmg==</latexit><latexit sha1_base64="MDG3NO1ehjbyJDOY8xb3ioRTGYw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJb/Xzm2m/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AtIaOmg==</latexit>
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<latexit sha1_base64="HDtAxEBldEseJyN4GPJpv85p2+c=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWJIi6LLoxmWFvqCJYTKdtENnJmFmIoQQf8WNC0Xc+iHu/BunbRbaeuDC4Zx7ufeeMGFUacf5ttbWNza3tis71d29/YND++i4p+JUYtLFMYvlIESKMCpIV1PNyCCRBPGQkX44vZ35/UciFY1FR2cJ8TkaCxpRjLSRArvmKcphJ8g9pZEsHvKLZhHYdafhzAFXiVuSOijRDuwvbxTjlBOhMUNKDV0n0X6OpKaYkaLqpYokCE/RmAwNFYgT5efz4wt4ZpQRjGJpSmg4V39P5IgrlfHQdHKkJ2rZm4n/ecNUR9d+TkWSaiLwYlGUMqhjOEsCjqgkWLPMEIQlNbdCPEESYW3yqpoQ3OWXV0mv2XCdhnt/WW/dlHFUwAk4BefABVegBe5AG3QBBhl4Bq/gzXqyXqx362PRumaVMzXwB9bnD3lNlKQ=</latexit> <latexit sha1_base64="/VaIRFIwHl74r36EppTUnLi4vqo=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWBIp6LLoxmWFvqCJYTKdtENnJmFmIoQQf8WNC0Xc+iHu/BunbRbaeuDC4Zx7ufeeMGFUacf5ttbWNza3tis71d29/YND++i4p+JUYtLFMYvlIESKMCpIV1PNyCCRBPGQkX44vZ35/UciFY1FR2cJ8TkaCxpRjLSRArvmKcphJ8g9pZEsHvKLZhHYdafhzAFXiVuSOijRDuwvbxTjlBOhMUNKDV0n0X6OpKaYkaLqpYokCE/RmAwNFYgT5efz4wt4ZpQRjGJpSmg4V39P5IgrlfHQdHKkJ2rZm4n/ecNUR9d+TkWSaiLwYlGUMqhjOEsCjqgkWLPMEIQlNbdCPEESYW3yqpoQ3OWXV0nvsuE6Dfe+WW/dlHFUwAk4BefABVegBe5AG3QBBhl4Bq/gzXqyXqx362PRumaVMzXwB9bnD3xXlKY=</latexit>
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PBHs more likely to form (p~0.1) if collapse 
occurs late!

Pictures by P. Baratella
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Focus of this talk
• New here: PBH formation from axionic hybrid string-

domain wall network. 

• Framework: QCD axion with domain wall number >1 (DFSZ 
and generalisations of KSVZ, see Vachaspati ´17 for =1 case). 

• Mechanism is independent of inflation! 

• DM made of axions and heavy PBHs!
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T1 ⇠ GeV : 3H(T1) = m(T1)
<latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit><latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit><latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit><latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit>

-π π a/v

V(a)

T 6PQ = v
<latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit><latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit><latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit><latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit>

Strings
DWs



Defects of the QCD axion
TRH

<latexit sha1_base64="M112WflR8pSK12Da5tQjM/czta0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa99FilX9CGstlO2qWbTdydFEvI7/DiQRGv/hhv/hu3bQ7a+mDg8d4MM/P8WHCNjvNtra1vbG5tF3aKu3v7B4elo+OWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fHdzG9PQGkeyQZOY/BCOpQ84IyikbxGP+0hPGH6UMuyfqnsVJw57FXi5qRMctT7pa/eIGJJCBKZoFp3XSdGL6UKOROQFXuJhpiyMR1C11BJQ9BeOj86s8+NMrCDSJmSaM/V3xMpDbWehr7pDCmO9LI3E//zugkGN17KZZwgSLZYFCTCxsieJWAPuAKGYmoIZYqbW202oooyNDkVTQju8surpHVZcZ2Ke39Vrt7mcRTIKTkjF8Ql16RKaqROmoSRR/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8fLhCSWg==</latexit><latexit sha1_base64="M112WflR8pSK12Da5tQjM/czta0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa99FilX9CGstlO2qWbTdydFEvI7/DiQRGv/hhv/hu3bQ7a+mDg8d4MM/P8WHCNjvNtra1vbG5tF3aKu3v7B4elo+OWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fHdzG9PQGkeyQZOY/BCOpQ84IyikbxGP+0hPGH6UMuyfqnsVJw57FXi5qRMctT7pa/eIGJJCBKZoFp3XSdGL6UKOROQFXuJhpiyMR1C11BJQ9BeOj86s8+NMrCDSJmSaM/V3xMpDbWehr7pDCmO9LI3E//zugkGN17KZZwgSLZYFCTCxsieJWAPuAKGYmoIZYqbW202oooyNDkVTQju8surpHVZcZ2Ke39Vrt7mcRTIKTkjF8Ql16RKaqROmoSRR/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8fLhCSWg==</latexit><latexit sha1_base64="M112WflR8pSK12Da5tQjM/czta0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa99FilX9CGstlO2qWbTdydFEvI7/DiQRGv/hhv/hu3bQ7a+mDg8d4MM/P8WHCNjvNtra1vbG5tF3aKu3v7B4elo+OWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fHdzG9PQGkeyQZOY/BCOpQ84IyikbxGP+0hPGH6UMuyfqnsVJw57FXi5qRMctT7pa/eIGJJCBKZoFp3XSdGL6UKOROQFXuJhpiyMR1C11BJQ9BeOj86s8+NMrCDSJmSaM/V3xMpDbWehr7pDCmO9LI3E//zugkGN17KZZwgSLZYFCTCxsieJWAPuAKGYmoIZYqbW202oooyNDkVTQju8surpHVZcZ2Ke39Vrt7mcRTIKTkjF8Ql16RKaqROmoSRR/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8fLhCSWg==</latexit><latexit sha1_base64="M112WflR8pSK12Da5tQjM/czta0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa99FilX9CGstlO2qWbTdydFEvI7/DiQRGv/hhv/hu3bQ7a+mDg8d4MM/P8WHCNjvNtra1vbG5tF3aKu3v7B4elo+OWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fHdzG9PQGkeyQZOY/BCOpQ84IyikbxGP+0hPGH6UMuyfqnsVJw57FXi5qRMctT7pa/eIGJJCBKZoFp3XSdGL6UKOROQFXuJhpiyMR1C11BJQ9BeOj86s8+NMrCDSJmSaM/V3xMpDbWehr7pDCmO9LI3E//zugkGN17KZZwgSLZYFCTCxsieJWAPuAKGYmoIZYqbW202oooyNDkVTQju8surpHVZcZ2Ke39Vrt7mcRTIKTkjF8Ql16RKaqROmoSRR/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8fLhCSWg==</latexit>

T1 ⇠ GeV : 3H(T1) = m(T1)
<latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit><latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit><latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit><latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit>

-π π a/v

V(a)

T 6PQ = v
<latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit><latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit><latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit><latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit>

F ⌘ v/NDW
<latexit sha1_base64="UHYWitOj3KoNVw7vCFcno+qG7qk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qokIeiwq4kkq2A9oQ9hsN+3SzSbubgIl9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HritzIqFYvFox4l1ItwX7CQEayN5Nv2bZc+pSxD2em9n9+0xr5dcarOFGiRuAWpQIG6b391ezFJIyo04Vipjusk2sux1IxwOi53U0UTTIa4TzuGChxR5eXTy8fo2Cg9FMbSlNBoqv6eyHGk1CgKTGeE9UDNexPxP6+T6vDSy5lIUk0FmS0KU450jCYxoB6TlGg+MgQTycytiAywxESbsMomBHf+5UXSPKu6TtV9OK/Uroo4SnAIR3ACLlxADe6gDg0gkMEzvMKblVsv1rv1MWtdsoqZA/gD6/MHz0CTHA==</latexit><latexit sha1_base64="UHYWitOj3KoNVw7vCFcno+qG7qk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qokIeiwq4kkq2A9oQ9hsN+3SzSbubgIl9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HritzIqFYvFox4l1ItwX7CQEayN5Nv2bZc+pSxD2em9n9+0xr5dcarOFGiRuAWpQIG6b391ezFJIyo04Vipjusk2sux1IxwOi53U0UTTIa4TzuGChxR5eXTy8fo2Cg9FMbSlNBoqv6eyHGk1CgKTGeE9UDNexPxP6+T6vDSy5lIUk0FmS0KU450jCYxoB6TlGg+MgQTycytiAywxESbsMomBHf+5UXSPKu6TtV9OK/Uroo4SnAIR3ACLlxADe6gDg0gkMEzvMKblVsv1rv1MWtdsoqZA/gD6/MHz0CTHA==</latexit><latexit sha1_base64="UHYWitOj3KoNVw7vCFcno+qG7qk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qokIeiwq4kkq2A9oQ9hsN+3SzSbubgIl9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HritzIqFYvFox4l1ItwX7CQEayN5Nv2bZc+pSxD2em9n9+0xr5dcarOFGiRuAWpQIG6b391ezFJIyo04Vipjusk2sux1IxwOi53U0UTTIa4TzuGChxR5eXTy8fo2Cg9FMbSlNBoqv6eyHGk1CgKTGeE9UDNexPxP6+T6vDSy5lIUk0FmS0KU450jCYxoB6TlGg+MgQTycytiAywxESbsMomBHf+5UXSPKu6TtV9OK/Uroo4SnAIR3ACLlxADe6gDg0gkMEzvMKblVsv1rv1MWtdsoqZA/gD6/MHz0CTHA==</latexit><latexit sha1_base64="UHYWitOj3KoNVw7vCFcno+qG7qk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qokIeiwq4kkq2A9oQ9hsN+3SzSbubgIl9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HritzIqFYvFox4l1ItwX7CQEayN5Nv2bZc+pSxD2em9n9+0xr5dcarOFGiRuAWpQIG6b391ezFJIyo04Vipjusk2sux1IxwOi53U0UTTIa4TzuGChxR5eXTy8fo2Cg9FMbSlNBoqv6eyHGk1CgKTGeE9UDNexPxP6+T6vDSy5lIUk0FmS0KU450jCYxoB6TlGg+MgQTycytiAywxESbsMomBHf+5UXSPKu6TtV9OK/Uroo4SnAIR3ACLlxADe6gDg0gkMEzvMKblVsv1rv1MWtdsoqZA/gD6/MHz0CTHA==</latexit>

Strings
DWs



Defects of the QCD axion
TRH

<latexit sha1_base64="M112WflR8pSK12Da5tQjM/czta0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa99FilX9CGstlO2qWbTdydFEvI7/DiQRGv/hhv/hu3bQ7a+mDg8d4MM/P8WHCNjvNtra1vbG5tF3aKu3v7B4elo+OWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fHdzG9PQGkeyQZOY/BCOpQ84IyikbxGP+0hPGH6UMuyfqnsVJw57FXi5qRMctT7pa/eIGJJCBKZoFp3XSdGL6UKOROQFXuJhpiyMR1C11BJQ9BeOj86s8+NMrCDSJmSaM/V3xMpDbWehr7pDCmO9LI3E//zugkGN17KZZwgSLZYFCTCxsieJWAPuAKGYmoIZYqbW202oooyNDkVTQju8surpHVZcZ2Ke39Vrt7mcRTIKTkjF8Ql16RKaqROmoSRR/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8fLhCSWg==</latexit><latexit sha1_base64="M112WflR8pSK12Da5tQjM/czta0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa99FilX9CGstlO2qWbTdydFEvI7/DiQRGv/hhv/hu3bQ7a+mDg8d4MM/P8WHCNjvNtra1vbG5tF3aKu3v7B4elo+OWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fHdzG9PQGkeyQZOY/BCOpQ84IyikbxGP+0hPGH6UMuyfqnsVJw57FXi5qRMctT7pa/eIGJJCBKZoFp3XSdGL6UKOROQFXuJhpiyMR1C11BJQ9BeOj86s8+NMrCDSJmSaM/V3xMpDbWehr7pDCmO9LI3E//zugkGN17KZZwgSLZYFCTCxsieJWAPuAKGYmoIZYqbW202oooyNDkVTQju8surpHVZcZ2Ke39Vrt7mcRTIKTkjF8Ql16RKaqROmoSRR/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8fLhCSWg==</latexit><latexit sha1_base64="M112WflR8pSK12Da5tQjM/czta0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa99FilX9CGstlO2qWbTdydFEvI7/DiQRGv/hhv/hu3bQ7a+mDg8d4MM/P8WHCNjvNtra1vbG5tF3aKu3v7B4elo+OWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fHdzG9PQGkeyQZOY/BCOpQ84IyikbxGP+0hPGH6UMuyfqnsVJw57FXi5qRMctT7pa/eIGJJCBKZoFp3XSdGL6UKOROQFXuJhpiyMR1C11BJQ9BeOj86s8+NMrCDSJmSaM/V3xMpDbWehr7pDCmO9LI3E//zugkGN17KZZwgSLZYFCTCxsieJWAPuAKGYmoIZYqbW202oooyNDkVTQju8surpHVZcZ2Ke39Vrt7mcRTIKTkjF8Ql16RKaqROmoSRR/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8fLhCSWg==</latexit><latexit sha1_base64="M112WflR8pSK12Da5tQjM/czta0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa99FilX9CGstlO2qWbTdydFEvI7/DiQRGv/hhv/hu3bQ7a+mDg8d4MM/P8WHCNjvNtra1vbG5tF3aKu3v7B4elo+OWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fHdzG9PQGkeyQZOY/BCOpQ84IyikbxGP+0hPGH6UMuyfqnsVJw57FXi5qRMctT7pa/eIGJJCBKZoFp3XSdGL6UKOROQFXuJhpiyMR1C11BJQ9BeOj86s8+NMrCDSJmSaM/V3xMpDbWehr7pDCmO9LI3E//zugkGN17KZZwgSLZYFCTCxsieJWAPuAKGYmoIZYqbW202oooyNDkVTQju8surpHVZcZ2Ke39Vrt7mcRTIKTkjF8Ql16RKaqROmoSRR/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8fLhCSWg==</latexit>

T1 ⇠ GeV : 3H(T1) = m(T1)
<latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit><latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit><latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit><latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit>

-π π a/v

V(a)

T 6PQ = v
<latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit><latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit><latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit><latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit>

F ⌘ v/NDW
<latexit sha1_base64="UHYWitOj3KoNVw7vCFcno+qG7qk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qokIeiwq4kkq2A9oQ9hsN+3SzSbubgIl9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HritzIqFYvFox4l1ItwX7CQEayN5Nv2bZc+pSxD2em9n9+0xr5dcarOFGiRuAWpQIG6b391ezFJIyo04Vipjusk2sux1IxwOi53U0UTTIa4TzuGChxR5eXTy8fo2Cg9FMbSlNBoqv6eyHGk1CgKTGeE9UDNexPxP6+T6vDSy5lIUk0FmS0KU450jCYxoB6TlGg+MgQTycytiAywxESbsMomBHf+5UXSPKu6TtV9OK/Uroo4SnAIR3ACLlxADe6gDg0gkMEzvMKblVsv1rv1MWtdsoqZA/gD6/MHz0CTHA==</latexit><latexit sha1_base64="UHYWitOj3KoNVw7vCFcno+qG7qk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qokIeiwq4kkq2A9oQ9hsN+3SzSbubgIl9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HritzIqFYvFox4l1ItwX7CQEayN5Nv2bZc+pSxD2em9n9+0xr5dcarOFGiRuAWpQIG6b391ezFJIyo04Vipjusk2sux1IxwOi53U0UTTIa4TzuGChxR5eXTy8fo2Cg9FMbSlNBoqv6eyHGk1CgKTGeE9UDNexPxP6+T6vDSy5lIUk0FmS0KU450jCYxoB6TlGg+MgQTycytiAywxESbsMomBHf+5UXSPKu6TtV9OK/Uroo4SnAIR3ACLlxADe6gDg0gkMEzvMKblVsv1rv1MWtdsoqZA/gD6/MHz0CTHA==</latexit><latexit sha1_base64="UHYWitOj3KoNVw7vCFcno+qG7qk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qokIeiwq4kkq2A9oQ9hsN+3SzSbubgIl9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HritzIqFYvFox4l1ItwX7CQEayN5Nv2bZc+pSxD2em9n9+0xr5dcarOFGiRuAWpQIG6b391ezFJIyo04Vipjusk2sux1IxwOi53U0UTTIa4TzuGChxR5eXTy8fo2Cg9FMbSlNBoqv6eyHGk1CgKTGeE9UDNexPxP6+T6vDSy5lIUk0FmS0KU450jCYxoB6TlGg+MgQTycytiAywxESbsMomBHf+5UXSPKu6TtV9OK/Uroo4SnAIR3ACLlxADe6gDg0gkMEzvMKblVsv1rv1MWtdsoqZA/gD6/MHz0CTHA==</latexit><latexit sha1_base64="UHYWitOj3KoNVw7vCFcno+qG7qk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qokIeiwq4kkq2A9oQ9hsN+3SzSbubgIl9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HritzIqFYvFox4l1ItwX7CQEayN5Nv2bZc+pSxD2em9n9+0xr5dcarOFGiRuAWpQIG6b391ezFJIyo04Vipjusk2sux1IxwOi53U0UTTIa4TzuGChxR5eXTy8fo2Cg9FMbSlNBoqv6eyHGk1CgKTGeE9UDNexPxP6+T6vDSy5lIUk0FmS0KU450jCYxoB6TlGg+MgQTycytiAywxESbsMomBHf+5UXSPKu6TtV9OK/Uroo4SnAIR3ACLlxADe6gDg0gkMEzvMKblVsv1rv1MWtdsoqZA/gD6/MHz0CTHA==</latexit>

Strings
DWs

Network: 
each string attached  

to           wallsNDW
<latexit sha1_base64="ALh3tPNp20pgUtzlgk2x3vQY17I=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegHjxJBPOAZAmzk95kyOzDmd5gWPY7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9bRVWVtfWN4qbpa3tnd298v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9dRvjUFpEYUPOInBDdggFL7gDI3k3vXSLsITpjetLOuVK3bVnoEuEycnFZKj3it/dfsRTwIIkUumdcexY3RTplBwCVmpm2iIGR+xAXQMDVkA2k1nR2f0xCh96kfKVIh0pv6eSFmg9STwTGfAcKgXvan4n9dJ0L90UxHGCULI54v8RFKM6DQB2hcKOMqJIYwrYW6lfMgU42hyKpkQnMWXl0nzrOrYVef+vFK7yuMokiNyTE6JQy5IjdySOmkQTh7JM3klb9bYerHerY95a8HKZw7JH1ifPyYoklU=</latexit><latexit sha1_base64="ALh3tPNp20pgUtzlgk2x3vQY17I=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegHjxJBPOAZAmzk95kyOzDmd5gWPY7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9bRVWVtfWN4qbpa3tnd298v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9dRvjUFpEYUPOInBDdggFL7gDI3k3vXSLsITpjetLOuVK3bVnoEuEycnFZKj3it/dfsRTwIIkUumdcexY3RTplBwCVmpm2iIGR+xAXQMDVkA2k1nR2f0xCh96kfKVIh0pv6eSFmg9STwTGfAcKgXvan4n9dJ0L90UxHGCULI54v8RFKM6DQB2hcKOMqJIYwrYW6lfMgU42hyKpkQnMWXl0nzrOrYVef+vFK7yuMokiNyTE6JQy5IjdySOmkQTh7JM3klb9bYerHerY95a8HKZw7JH1ifPyYoklU=</latexit><latexit sha1_base64="ALh3tPNp20pgUtzlgk2x3vQY17I=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegHjxJBPOAZAmzk95kyOzDmd5gWPY7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9bRVWVtfWN4qbpa3tnd298v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9dRvjUFpEYUPOInBDdggFL7gDI3k3vXSLsITpjetLOuVK3bVnoEuEycnFZKj3it/dfsRTwIIkUumdcexY3RTplBwCVmpm2iIGR+xAXQMDVkA2k1nR2f0xCh96kfKVIh0pv6eSFmg9STwTGfAcKgXvan4n9dJ0L90UxHGCULI54v8RFKM6DQB2hcKOMqJIYwrYW6lfMgU42hyKpkQnMWXl0nzrOrYVef+vFK7yuMokiNyTE6JQy5IjdySOmkQTh7JM3klb9bYerHerY95a8HKZw7JH1ifPyYoklU=</latexit><latexit sha1_base64="ALh3tPNp20pgUtzlgk2x3vQY17I=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegHjxJBPOAZAmzk95kyOzDmd5gWPY7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9bRVWVtfWN4qbpa3tnd298v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9dRvjUFpEYUPOInBDdggFL7gDI3k3vXSLsITpjetLOuVK3bVnoEuEycnFZKj3it/dfsRTwIIkUumdcexY3RTplBwCVmpm2iIGR+xAXQMDVkA2k1nR2f0xCh96kfKVIh0pv6eSFmg9STwTGfAcKgXvan4n9dJ0L90UxHGCULI54v8RFKM6DQB2hcKOMqJIYwrYW6lfMgU42hyKpkQnMWXl0nzrOrYVef+vFK7yuMokiNyTE6JQy5IjdySOmkQTh7JM3klb9bYerHerY95a8HKZw7JH1ifPyYoklU=</latexit>

T2
<latexit sha1_base64="5hh7LnP/wW0qHB8ygQs8xXHBDLw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rFC0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5n/udJ1SaJ7JlpikGMR1JHnFGjZX81iCvzwaVqltzFyDrxCtIFQo0B5Wv/jBhWYzSMEG17nluaoKcKsOZwFm5n2lMKZvQEfYslTRGHeSLY2fk0ipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n7INwVt9eZ206zXPrXmP19XGXRFHCc7hAq7AgxtowAM0wQcGHJ7hFd4c6bw4787HsnXDKWbO4A+czx+aq46J</latexit><latexit sha1_base64="5hh7LnP/wW0qHB8ygQs8xXHBDLw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rFC0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5n/udJ1SaJ7JlpikGMR1JHnFGjZX81iCvzwaVqltzFyDrxCtIFQo0B5Wv/jBhWYzSMEG17nluaoKcKsOZwFm5n2lMKZvQEfYslTRGHeSLY2fk0ipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n7INwVt9eZ206zXPrXmP19XGXRFHCc7hAq7AgxtowAM0wQcGHJ7hFd4c6bw4787HsnXDKWbO4A+czx+aq46J</latexit><latexit sha1_base64="5hh7LnP/wW0qHB8ygQs8xXHBDLw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rFC0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5n/udJ1SaJ7JlpikGMR1JHnFGjZX81iCvzwaVqltzFyDrxCtIFQo0B5Wv/jBhWYzSMEG17nluaoKcKsOZwFm5n2lMKZvQEfYslTRGHeSLY2fk0ipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n7INwVt9eZ206zXPrXmP19XGXRFHCc7hAq7AgxtowAM0wQcGHJ7hFd4c6bw4787HsnXDKWbO4A+czx+aq46J</latexit><latexit sha1_base64="5hh7LnP/wW0qHB8ygQs8xXHBDLw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rFC0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5n/udJ1SaJ7JlpikGMR1JHnFGjZX81iCvzwaVqltzFyDrxCtIFQo0B5Wv/jBhWYzSMEG17nluaoKcKsOZwFm5n2lMKZvQEfYslTRGHeSLY2fk0ipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n7INwVt9eZ206zXPrXmP19XGXRFHCc7hAq7AgxtowAM0wQcGHJ7hFd4c6bw4787HsnXDKWbO4A+czx+aq46J</latexit>



Defects of the QCD axion
TRH

<latexit sha1_base64="M112WflR8pSK12Da5tQjM/czta0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa99FilX9CGstlO2qWbTdydFEvI7/DiQRGv/hhv/hu3bQ7a+mDg8d4MM/P8WHCNjvNtra1vbG5tF3aKu3v7B4elo+OWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fHdzG9PQGkeyQZOY/BCOpQ84IyikbxGP+0hPGH6UMuyfqnsVJw57FXi5qRMctT7pa/eIGJJCBKZoFp3XSdGL6UKOROQFXuJhpiyMR1C11BJQ9BeOj86s8+NMrCDSJmSaM/V3xMpDbWehr7pDCmO9LI3E//zugkGN17KZZwgSLZYFCTCxsieJWAPuAKGYmoIZYqbW202oooyNDkVTQju8surpHVZcZ2Ke39Vrt7mcRTIKTkjF8Ql16RKaqROmoSRR/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8fLhCSWg==</latexit><latexit sha1_base64="M112WflR8pSK12Da5tQjM/czta0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa99FilX9CGstlO2qWbTdydFEvI7/DiQRGv/hhv/hu3bQ7a+mDg8d4MM/P8WHCNjvNtra1vbG5tF3aKu3v7B4elo+OWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fHdzG9PQGkeyQZOY/BCOpQ84IyikbxGP+0hPGH6UMuyfqnsVJw57FXi5qRMctT7pa/eIGJJCBKZoFp3XSdGL6UKOROQFXuJhpiyMR1C11BJQ9BeOj86s8+NMrCDSJmSaM/V3xMpDbWehr7pDCmO9LI3E//zugkGN17KZZwgSLZYFCTCxsieJWAPuAKGYmoIZYqbW202oooyNDkVTQju8surpHVZcZ2Ke39Vrt7mcRTIKTkjF8Ql16RKaqROmoSRR/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8fLhCSWg==</latexit><latexit sha1_base64="M112WflR8pSK12Da5tQjM/czta0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa99FilX9CGstlO2qWbTdydFEvI7/DiQRGv/hhv/hu3bQ7a+mDg8d4MM/P8WHCNjvNtra1vbG5tF3aKu3v7B4elo+OWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fHdzG9PQGkeyQZOY/BCOpQ84IyikbxGP+0hPGH6UMuyfqnsVJw57FXi5qRMctT7pa/eIGJJCBKZoFp3XSdGL6UKOROQFXuJhpiyMR1C11BJQ9BeOj86s8+NMrCDSJmSaM/V3xMpDbWehr7pDCmO9LI3E//zugkGN17KZZwgSLZYFCTCxsieJWAPuAKGYmoIZYqbW202oooyNDkVTQju8surpHVZcZ2Ke39Vrt7mcRTIKTkjF8Ql16RKaqROmoSRR/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8fLhCSWg==</latexit><latexit sha1_base64="M112WflR8pSK12Da5tQjM/czta0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa99FilX9CGstlO2qWbTdydFEvI7/DiQRGv/hhv/hu3bQ7a+mDg8d4MM/P8WHCNjvNtra1vbG5tF3aKu3v7B4elo+OWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fHdzG9PQGkeyQZOY/BCOpQ84IyikbxGP+0hPGH6UMuyfqnsVJw57FXi5qRMctT7pa/eIGJJCBKZoFp3XSdGL6UKOROQFXuJhpiyMR1C11BJQ9BeOj86s8+NMrCDSJmSaM/V3xMpDbWehr7pDCmO9LI3E//zugkGN17KZZwgSLZYFCTCxsieJWAPuAKGYmoIZYqbW202oooyNDkVTQju8surpHVZcZ2Ke39Vrt7mcRTIKTkjF8Ql16RKaqROmoSRR/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8fLhCSWg==</latexit>

T1 ⇠ GeV : 3H(T1) = m(T1)
<latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit><latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit><latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit><latexit sha1_base64="UWerhUWn2t015O+EnQNYvAb3XzA=">AAACEXicbZA9SwNBEIb34leMX1FLm8UgaBPuVFAEIWihpYKJgdwR9jYTXbJ7d+zOieHIX7Dxr9hYKGJrZ+e/cZNcodGBhYf3nWF23jCRwqDrfjmFqemZ2bnifGlhcWl5pby61jBxqjnUeSxj3QyZASkiqKNACc1EA1OhhOuwdzr0r+9AGxFHV9hPIFDsJhJdwRlaqV3evmpn3sA3QlEf4R6zM2gMjuje+djYOVY5tMsVt+qOiv4FL4cKyeuiXf70OzFPFUTIJTOm5bkJBhnTKLiEQclPDSSM99gNtCxGTIEJstFFA7pllQ7txtq+COlI/TmRMWVMX4W2UzG8NZPeUPzPa6XYPQwyESUpQsTHi7qppBjTYTy0IzRwlH0LjGth/0r5LdOMow2xZEPwJk/+C43dqudWvcv9Su0kj6NINsgm2SYeOSA1ck4uSJ1w8kCeyAt5dR6dZ+fNeR+3Fpx8Zp38KufjG/0jm9A=</latexit>

-π π a/v

V(a)

T 6PQ = v
<latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit><latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit><latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit><latexit sha1_base64="fLQJAFvLrlNyPRob2ewT118WxOU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkoigl6EohePLfQLmhA22027dLMJu5NiCQH/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCmw7W+jtLa+sblV3q7s7O7tH5iHRx0Vp5LQNol5LHsBVpQzQdvAgNNeIimOAk67wfh+5ncnVCoWixZME+pFeChYyAgGLfnmScvPXBFD5gJ9hKzRzPP8duKbVbtmz2GtEqcgVVSg4Ztf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXz83PrXCsDK4ylLgHWXP09keFIqWkU6M4Iw0gtezPxP6+fQnjjZUwkKVBBFovClFsQW7MsrAGTlACfaoKJZPpWi4ywxAR0YhUdgrP88irpXNYcu+Y0r6r1uyKOMjpFZ+gCOega1dEDaqA2IihDz+gVvRlPxovxbnwsWktGMXOM/sD4/AEiaJY6</latexit>

F ⌘ v/NDW
<latexit sha1_base64="UHYWitOj3KoNVw7vCFcno+qG7qk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qokIeiwq4kkq2A9oQ9hsN+3SzSbubgIl9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HritzIqFYvFox4l1ItwX7CQEayN5Nv2bZc+pSxD2em9n9+0xr5dcarOFGiRuAWpQIG6b391ezFJIyo04Vipjusk2sux1IxwOi53U0UTTIa4TzuGChxR5eXTy8fo2Cg9FMbSlNBoqv6eyHGk1CgKTGeE9UDNexPxP6+T6vDSy5lIUk0FmS0KU450jCYxoB6TlGg+MgQTycytiAywxESbsMomBHf+5UXSPKu6TtV9OK/Uroo4SnAIR3ACLlxADe6gDg0gkMEzvMKblVsv1rv1MWtdsoqZA/gD6/MHz0CTHA==</latexit><latexit sha1_base64="UHYWitOj3KoNVw7vCFcno+qG7qk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qokIeiwq4kkq2A9oQ9hsN+3SzSbubgIl9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HritzIqFYvFox4l1ItwX7CQEayN5Nv2bZc+pSxD2em9n9+0xr5dcarOFGiRuAWpQIG6b391ezFJIyo04Vipjusk2sux1IxwOi53U0UTTIa4TzuGChxR5eXTy8fo2Cg9FMbSlNBoqv6eyHGk1CgKTGeE9UDNexPxP6+T6vDSy5lIUk0FmS0KU450jCYxoB6TlGg+MgQTycytiAywxESbsMomBHf+5UXSPKu6TtV9OK/Uroo4SnAIR3ACLlxADe6gDg0gkMEzvMKblVsv1rv1MWtdsoqZA/gD6/MHz0CTHA==</latexit><latexit sha1_base64="UHYWitOj3KoNVw7vCFcno+qG7qk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qokIeiwq4kkq2A9oQ9hsN+3SzSbubgIl9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HritzIqFYvFox4l1ItwX7CQEayN5Nv2bZc+pSxD2em9n9+0xr5dcarOFGiRuAWpQIG6b391ezFJIyo04Vipjusk2sux1IxwOi53U0UTTIa4TzuGChxR5eXTy8fo2Cg9FMbSlNBoqv6eyHGk1CgKTGeE9UDNexPxP6+T6vDSy5lIUk0FmS0KU450jCYxoB6TlGg+MgQTycytiAywxESbsMomBHf+5UXSPKu6TtV9OK/Uroo4SnAIR3ACLlxADe6gDg0gkMEzvMKblVsv1rv1MWtdsoqZA/gD6/MHz0CTHA==</latexit><latexit sha1_base64="UHYWitOj3KoNVw7vCFcno+qG7qk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qokIeiwq4kkq2A9oQ9hsN+3SzSbubgIl9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HritzIqFYvFox4l1ItwX7CQEayN5Nv2bZc+pSxD2em9n9+0xr5dcarOFGiRuAWpQIG6b391ezFJIyo04Vipjusk2sux1IxwOi53U0UTTIa4TzuGChxR5eXTy8fo2Cg9FMbSlNBoqv6eyHGk1CgKTGeE9UDNexPxP6+T6vDSy5lIUk0FmS0KU450jCYxoB6TlGg+MgQTycytiAywxESbsMomBHf+5UXSPKu6TtV9OK/Uroo4SnAIR3ACLlxADe6gDg0gkMEzvMKblVsv1rv1MWtdsoqZA/gD6/MHz0CTHA==</latexit>

Strings
DWs

Network: 
each string attached  

to           wallsNDW
<latexit sha1_base64="ALh3tPNp20pgUtzlgk2x3vQY17I=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegHjxJBPOAZAmzk95kyOzDmd5gWPY7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9bRVWVtfWN4qbpa3tnd298v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9dRvjUFpEYUPOInBDdggFL7gDI3k3vXSLsITpjetLOuVK3bVnoEuEycnFZKj3it/dfsRTwIIkUumdcexY3RTplBwCVmpm2iIGR+xAXQMDVkA2k1nR2f0xCh96kfKVIh0pv6eSFmg9STwTGfAcKgXvan4n9dJ0L90UxHGCULI54v8RFKM6DQB2hcKOMqJIYwrYW6lfMgU42hyKpkQnMWXl0nzrOrYVef+vFK7yuMokiNyTE6JQy5IjdySOmkQTh7JM3klb9bYerHerY95a8HKZw7JH1ifPyYoklU=</latexit><latexit sha1_base64="ALh3tPNp20pgUtzlgk2x3vQY17I=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegHjxJBPOAZAmzk95kyOzDmd5gWPY7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9bRVWVtfWN4qbpa3tnd298v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9dRvjUFpEYUPOInBDdggFL7gDI3k3vXSLsITpjetLOuVK3bVnoEuEycnFZKj3it/dfsRTwIIkUumdcexY3RTplBwCVmpm2iIGR+xAXQMDVkA2k1nR2f0xCh96kfKVIh0pv6eSFmg9STwTGfAcKgXvan4n9dJ0L90UxHGCULI54v8RFKM6DQB2hcKOMqJIYwrYW6lfMgU42hyKpkQnMWXl0nzrOrYVef+vFK7yuMokiNyTE6JQy5IjdySOmkQTh7JM3klb9bYerHerY95a8HKZw7JH1ifPyYoklU=</latexit><latexit sha1_base64="ALh3tPNp20pgUtzlgk2x3vQY17I=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegHjxJBPOAZAmzk95kyOzDmd5gWPY7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9bRVWVtfWN4qbpa3tnd298v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9dRvjUFpEYUPOInBDdggFL7gDI3k3vXSLsITpjetLOuVK3bVnoEuEycnFZKj3it/dfsRTwIIkUumdcexY3RTplBwCVmpm2iIGR+xAXQMDVkA2k1nR2f0xCh96kfKVIh0pv6eSFmg9STwTGfAcKgXvan4n9dJ0L90UxHGCULI54v8RFKM6DQB2hcKOMqJIYwrYW6lfMgU42hyKpkQnMWXl0nzrOrYVef+vFK7yuMokiNyTE6JQy5IjdySOmkQTh7JM3klb9bYerHerY95a8HKZw7JH1ifPyYoklU=</latexit><latexit sha1_base64="ALh3tPNp20pgUtzlgk2x3vQY17I=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegHjxJBPOAZAmzk95kyOzDmd5gWPY7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9bRVWVtfWN4qbpa3tnd298v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9dRvjUFpEYUPOInBDdggFL7gDI3k3vXSLsITpjetLOuVK3bVnoEuEycnFZKj3it/dfsRTwIIkUumdcexY3RTplBwCVmpm2iIGR+xAXQMDVkA2k1nR2f0xCh96kfKVIh0pv6eSFmg9STwTGfAcKgXvan4n9dJ0L90UxHGCULI54v8RFKM6DQB2hcKOMqJIYwrYW6lfMgU42hyKpkQnMWXl0nzrOrYVef+vFK7yuMokiNyTE6JQy5IjdySOmkQTh7JM3klb9bYerHerY95a8HKZw7JH1ifPyYoklU=</latexit>

T2
<latexit sha1_base64="5hh7LnP/wW0qHB8ygQs8xXHBDLw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rFC0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5n/udJ1SaJ7JlpikGMR1JHnFGjZX81iCvzwaVqltzFyDrxCtIFQo0B5Wv/jBhWYzSMEG17nluaoKcKsOZwFm5n2lMKZvQEfYslTRGHeSLY2fk0ipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n7INwVt9eZ206zXPrXmP19XGXRFHCc7hAq7AgxtowAM0wQcGHJ7hFd4c6bw4787HsnXDKWbO4A+czx+aq46J</latexit><latexit sha1_base64="5hh7LnP/wW0qHB8ygQs8xXHBDLw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rFC0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5n/udJ1SaJ7JlpikGMR1JHnFGjZX81iCvzwaVqltzFyDrxCtIFQo0B5Wv/jBhWYzSMEG17nluaoKcKsOZwFm5n2lMKZvQEfYslTRGHeSLY2fk0ipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n7INwVt9eZ206zXPrXmP19XGXRFHCc7hAq7AgxtowAM0wQcGHJ7hFd4c6bw4787HsnXDKWbO4A+czx+aq46J</latexit><latexit sha1_base64="5hh7LnP/wW0qHB8ygQs8xXHBDLw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rFC0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5n/udJ1SaJ7JlpikGMR1JHnFGjZX81iCvzwaVqltzFyDrxCtIFQo0B5Wv/jBhWYzSMEG17nluaoKcKsOZwFm5n2lMKZvQEfYslTRGHeSLY2fk0ipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n7INwVt9eZ206zXPrXmP19XGXRFHCc7hAq7AgxtowAM0wQcGHJ7hFd4c6bw4787HsnXDKWbO4A+czx+aq46J</latexit><latexit sha1_base64="5hh7LnP/wW0qHB8ygQs8xXHBDLw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rFC0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5n/udJ1SaJ7JlpikGMR1JHnFGjZX81iCvzwaVqltzFyDrxCtIFQo0B5Wv/jBhWYzSMEG17nluaoKcKsOZwFm5n2lMKZvQEfYslTRGHeSLY2fk0ipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n7INwVt9eZ206zXPrXmP19XGXRFHCc7hAq7AgxtowAM0wQcGHJ7hFd4c6bw4787HsnXDKWbO4A+czx+aq46J</latexit>

String-wall 
Network



QCD axion with NDW > 1
•                    : network is unstable, rapidly decays.NDW = 1

<latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit>

•                   : network is stable, DW problem!NDW > 1
<latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit>



QCD axion with NDW > 1
•                    : network is unstable, rapidly decays.NDW = 1

<latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit>

•                   : network is stable, DW problem!NDW > 1
<latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit>

-π π a/v

V(a)

Way out: 
add bias term
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B

<latexit sha1_base64="lcs+0YtMUoMhC976w2G6GWWIFSU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtSNy5cVLAPaMeSyWTa0EwyJplCGfodblwo4taPceffmLaz0NYDgcM553JvTpBwpo3rfjuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdQKsKWeCNg0znHYSRXEccNoORjczvz2mSjMpHswkoX6MB4JFjGBjJb93Z6Mh7mf16eNlv1xxq+4caJV4OalAjka//NULJUljKgzhWOuu5ybGz7AyjHA6LfVSTRNMRnhAu5YKHFPtZ/Ojp+jMKiGKpLJPGDRXf09kONZ6Egc2GWMz1MveTPzP66YmuvYzJpLUUEEWi6KUIyPRrAEUMkWJ4RNLMFHM3orIECtMjO2pZEvwlr+8SloXVc+teveXlVo9r6MIJ3AK5+DBFdTgFhrQBAJP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBIXpHE</latexit><latexit sha1_base64="lcs+0YtMUoMhC976w2G6GWWIFSU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtSNy5cVLAPaMeSyWTa0EwyJplCGfodblwo4taPceffmLaz0NYDgcM553JvTpBwpo3rfjuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdQKsKWeCNg0znHYSRXEccNoORjczvz2mSjMpHswkoX6MB4JFjGBjJb93Z6Mh7mf16eNlv1xxq+4caJV4OalAjka//NULJUljKgzhWOuu5ybGz7AyjHA6LfVSTRNMRnhAu5YKHFPtZ/Ojp+jMKiGKpLJPGDRXf09kONZ6Egc2GWMz1MveTPzP66YmuvYzJpLUUEEWi6KUIyPRrAEUMkWJ4RNLMFHM3orIECtMjO2pZEvwlr+8SloXVc+teveXlVo9r6MIJ3AK5+DBFdTgFhrQBAJP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBIXpHE</latexit><latexit sha1_base64="lcs+0YtMUoMhC976w2G6GWWIFSU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtSNy5cVLAPaMeSyWTa0EwyJplCGfodblwo4taPceffmLaz0NYDgcM553JvTpBwpo3rfjuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdQKsKWeCNg0znHYSRXEccNoORjczvz2mSjMpHswkoX6MB4JFjGBjJb93Z6Mh7mf16eNlv1xxq+4caJV4OalAjka//NULJUljKgzhWOuu5ybGz7AyjHA6LfVSTRNMRnhAu5YKHFPtZ/Ojp+jMKiGKpLJPGDRXf09kONZ6Egc2GWMz1MveTPzP66YmuvYzJpLUUEEWi6KUIyPRrAEUMkWJ4RNLMFHM3orIECtMjO2pZEvwlr+8SloXVc+teveXlVo9r6MIJ3AK5+DBFdTgFhrQBAJP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBIXpHE</latexit><latexit sha1_base64="lcs+0YtMUoMhC976w2G6GWWIFSU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtSNy5cVLAPaMeSyWTa0EwyJplCGfodblwo4taPceffmLaz0NYDgcM553JvTpBwpo3rfjuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdQKsKWeCNg0znHYSRXEccNoORjczvz2mSjMpHswkoX6MB4JFjGBjJb93Z6Mh7mf16eNlv1xxq+4caJV4OalAjka//NULJUljKgzhWOuu5ybGz7AyjHA6LfVSTRNMRnhAu5YKHFPtZ/Ojp+jMKiGKpLJPGDRXf09kONZ6Egc2GWMz1MveTPzP66YmuvYzJpLUUEEWi6KUIyPRrAEUMkWJ4RNLMFHM3orIECtMjO2pZEvwlr+8SloXVc+teveXlVo9r6MIJ3AK5+DBFdTgFhrQBAJP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBIXpHE</latexit>



QCD axion with NDW > 1
•                    : network is unstable, rapidly decays.NDW = 1

<latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit>

•                   : network is stable, DW problem!NDW > 1
<latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit>
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<latexit sha1_base64="IZYHv88cJaEXHed/Hfn0bIETICE="></latexit><latexit sha1_base64="IZYHv88cJaEXHed/Hfn0bIETICE="></latexit><latexit sha1_base64="IZYHv88cJaEXHed/Hfn0bIETICE="></latexit><latexit sha1_base64="IZYHv88cJaEXHed/Hfn0bIETICE="></latexit>

-π π a/v

V(a)

Way out: 
add bias term

Network starts 
decaying when balance 

between tension and 
pressure is achieved!
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<latexit sha1_base64="lcs+0YtMUoMhC976w2G6GWWIFSU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtSNy5cVLAPaMeSyWTa0EwyJplCGfodblwo4taPceffmLaz0NYDgcM553JvTpBwpo3rfjuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdQKsKWeCNg0znHYSRXEccNoORjczvz2mSjMpHswkoX6MB4JFjGBjJb93Z6Mh7mf16eNlv1xxq+4caJV4OalAjka//NULJUljKgzhWOuu5ybGz7AyjHA6LfVSTRNMRnhAu5YKHFPtZ/Ojp+jMKiGKpLJPGDRXf09kONZ6Egc2GWMz1MveTPzP66YmuvYzJpLUUEEWi6KUIyPRrAEUMkWJ4RNLMFHM3orIECtMjO2pZEvwlr+8SloXVc+teveXlVo9r6MIJ3AK5+DBFdTgFhrQBAJP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBIXpHE</latexit><latexit sha1_base64="lcs+0YtMUoMhC976w2G6GWWIFSU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtSNy5cVLAPaMeSyWTa0EwyJplCGfodblwo4taPceffmLaz0NYDgcM553JvTpBwpo3rfjuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdQKsKWeCNg0znHYSRXEccNoORjczvz2mSjMpHswkoX6MB4JFjGBjJb93Z6Mh7mf16eNlv1xxq+4caJV4OalAjka//NULJUljKgzhWOuu5ybGz7AyjHA6LfVSTRNMRnhAu5YKHFPtZ/Ojp+jMKiGKpLJPGDRXf09kONZ6Egc2GWMz1MveTPzP66YmuvYzJpLUUEEWi6KUIyPRrAEUMkWJ4RNLMFHM3orIECtMjO2pZEvwlr+8SloXVc+teveXlVo9r6MIJ3AK5+DBFdTgFhrQBAJP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBIXpHE</latexit><latexit sha1_base64="lcs+0YtMUoMhC976w2G6GWWIFSU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtSNy5cVLAPaMeSyWTa0EwyJplCGfodblwo4taPceffmLaz0NYDgcM553JvTpBwpo3rfjuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdQKsKWeCNg0znHYSRXEccNoORjczvz2mSjMpHswkoX6MB4JFjGBjJb93Z6Mh7mf16eNlv1xxq+4caJV4OalAjka//NULJUljKgzhWOuu5ybGz7AyjHA6LfVSTRNMRnhAu5YKHFPtZ/Ojp+jMKiGKpLJPGDRXf09kONZ6Egc2GWMz1MveTPzP66YmuvYzJpLUUEEWi6KUIyPRrAEUMkWJ4RNLMFHM3orIECtMjO2pZEvwlr+8SloXVc+teveXlVo9r6MIJ3AK5+DBFdTgFhrQBAJP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBIXpHE</latexit><latexit sha1_base64="lcs+0YtMUoMhC976w2G6GWWIFSU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtSNy5cVLAPaMeSyWTa0EwyJplCGfodblwo4taPceffmLaz0NYDgcM553JvTpBwpo3rfjuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdQKsKWeCNg0znHYSRXEccNoORjczvz2mSjMpHswkoX6MB4JFjGBjJb93Z6Mh7mf16eNlv1xxq+4caJV4OalAjka//NULJUljKgzhWOuu5ybGz7AyjHA6LfVSTRNMRnhAu5YKHFPtZ/Ojp+jMKiGKpLJPGDRXf09kONZ6Egc2GWMz1MveTPzP66YmuvYzJpLUUEEWi6KUIyPRrAEUMkWJ4RNLMFHM3orIECtMjO2pZEvwlr+8SloXVc+teveXlVo9r6MIJ3AK5+DBFdTgFhrQBAJP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBIXpHE</latexit>
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Taken from: Kawasaki et al. ´14, arXiv: 1412.0789 
 



QCD axion with NDW > 1
•                    : network is unstable, rapidly decays.NDW = 1

<latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit>

•                   : network is stable, DW problem!NDW > 1
<latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit>

Taken from: Kawasaki et al. ´14, arXiv: 1412.0789 
 



QCD axion with NDW > 1
•                    : network is unstable, rapidly decays.NDW = 1

<latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit><latexit sha1_base64="vfRY/65tgDm4NaR+StUlASPqpNw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigl6Eoh48SQX7AW0Im+2mXbrZhN2JWEN+iRcPinj1p3jz37htc9Dqg4HHezPMzAsSwTU4zpdVWlpeWV0rr1c2Nre2q/bOblvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6c+p17pjSP5R1MEuZFZCh5yCkBI/l29cbP+sAeILvq5Pm569s1p+7MgP8StyA1VKDp25/9QUzTiEmggmjdc50EvIwo4FSwvNJPNUsIHZMh6xkqScS0l80Oz/GhUQY4jJUpCXim/pzISKT1JApMZ0RgpBe9qfif10shPPMyLpMUmKTzRWEqMMR4mgIecMUoiIkhhCpubsV0RBShYLKqmBDcxZf/kvZx3XXq7u1JrXFRxFFG++gAHSEXnaIGukZN1EIUpegJvaBX69F6tt6s93lrySpm9tAvWB/fmY2TCA==</latexit>

•                   : network is stable, DW problem!NDW > 1
<latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit>

Taken from: Kawasaki et al. ´14, arXiv: 1412.0789 
 



Axion DM with NDW > 1
<latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit>

SN 1987A
Chang et al. ' 18 PDG ' 18
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NDW = 2

<latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit><latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit><latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit><latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit>

 Largest bias 
offset to keep 

CP conserving 
minimum

⌦a = ⌦mis

+ ⌦strings

+ ⌦NW
<latexit sha1_base64="xO7BLYp0TlA5WAmIw/EDbUE03ZE=">AAACO3icbZDLSwMxEMazvq2vqkcvi8UiCGVXBL0IohdPvrC20C0lm05rMMkuyaxYlv2/vPhPePPixYMiXr2b1gr2MRD48X0zTOYLY8ENet6LMzE5NT0zOzefW1hcWl7Jr67dmCjRDMosEpGuhtSA4ArKyFFANdZAZSigEt6ddP3KPWjDI3WNnRjqkrYVb3FG0UqN/FVwLqFNGynNiod/HCA8YCq5ybIgyBV3BnWDmqv2eO+skmWNfMEreb1yR8HvQ4H066KRfw6aEUskKGSCGlPzvRjrKdXImYAsFyQGYsruaBtqFhWVYOpp7/bM3bJK021F2j6Fbk/9P5FSaUxHhrZTUrw1w15XHOfVEmwd1FOu4gRBsd9FrUS4GLndIN0m18BQdCxQprn9q8tuqaYMbdw5G4I/fPIo3OyWfK/kX+4Vjo77ccyRDbJJtolP9skROSUXpEwYeSSv5J18OE/Om/PpfP22Tjj9mXUyUM73D1gZr3w=</latexit><latexit sha1_base64="xO7BLYp0TlA5WAmIw/EDbUE03ZE=">AAACO3icbZDLSwMxEMazvq2vqkcvi8UiCGVXBL0IohdPvrC20C0lm05rMMkuyaxYlv2/vPhPePPixYMiXr2b1gr2MRD48X0zTOYLY8ENet6LMzE5NT0zOzefW1hcWl7Jr67dmCjRDMosEpGuhtSA4ArKyFFANdZAZSigEt6ddP3KPWjDI3WNnRjqkrYVb3FG0UqN/FVwLqFNGynNiod/HCA8YCq5ybIgyBV3BnWDmqv2eO+skmWNfMEreb1yR8HvQ4H066KRfw6aEUskKGSCGlPzvRjrKdXImYAsFyQGYsruaBtqFhWVYOpp7/bM3bJK021F2j6Fbk/9P5FSaUxHhrZTUrw1w15XHOfVEmwd1FOu4gRBsd9FrUS4GLndIN0m18BQdCxQprn9q8tuqaYMbdw5G4I/fPIo3OyWfK/kX+4Vjo77ccyRDbJJtolP9skROSUXpEwYeSSv5J18OE/Om/PpfP22Tjj9mXUyUM73D1gZr3w=</latexit><latexit sha1_base64="xO7BLYp0TlA5WAmIw/EDbUE03ZE=">AAACO3icbZDLSwMxEMazvq2vqkcvi8UiCGVXBL0IohdPvrC20C0lm05rMMkuyaxYlv2/vPhPePPixYMiXr2b1gr2MRD48X0zTOYLY8ENet6LMzE5NT0zOzefW1hcWl7Jr67dmCjRDMosEpGuhtSA4ArKyFFANdZAZSigEt6ddP3KPWjDI3WNnRjqkrYVb3FG0UqN/FVwLqFNGynNiod/HCA8YCq5ybIgyBV3BnWDmqv2eO+skmWNfMEreb1yR8HvQ4H066KRfw6aEUskKGSCGlPzvRjrKdXImYAsFyQGYsruaBtqFhWVYOpp7/bM3bJK021F2j6Fbk/9P5FSaUxHhrZTUrw1w15XHOfVEmwd1FOu4gRBsd9FrUS4GLndIN0m18BQdCxQprn9q8tuqaYMbdw5G4I/fPIo3OyWfK/kX+4Vjo77ccyRDbJJtolP9skROSUXpEwYeSSv5J18OE/Om/PpfP22Tjj9mXUyUM73D1gZr3w=</latexit><latexit sha1_base64="xO7BLYp0TlA5WAmIw/EDbUE03ZE=">AAACO3icbZDLSwMxEMazvq2vqkcvi8UiCGVXBL0IohdPvrC20C0lm05rMMkuyaxYlv2/vPhPePPixYMiXr2b1gr2MRD48X0zTOYLY8ENet6LMzE5NT0zOzefW1hcWl7Jr67dmCjRDMosEpGuhtSA4ArKyFFANdZAZSigEt6ddP3KPWjDI3WNnRjqkrYVb3FG0UqN/FVwLqFNGynNiod/HCA8YCq5ybIgyBV3BnWDmqv2eO+skmWNfMEreb1yR8HvQ4H066KRfw6aEUskKGSCGlPzvRjrKdXImYAsFyQGYsruaBtqFhWVYOpp7/bM3bJK021F2j6Fbk/9P5FSaUxHhrZTUrw1w15XHOfVEmwd1FOu4gRBsd9FrUS4GLndIN0m18BQdCxQprn9q8tuqaYMbdw5G4I/fPIo3OyWfK/kX+4Vjo77ccyRDbJJtolP9skROSUXpEwYeSSv5J18OE/Om/PpfP22Tjj9mXUyUM73D1gZr3w=</latexit>



Axion DM with NDW > 1
<latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit>

SN 1987A
Chang et al. ' 18 PDG ' 18
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NDW = 2

<latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit><latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit><latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit><latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit>

 Largest bias 
offset to keep 

CP conserving 
minimum

Criterium to 
numerically 

fix T2: 
only 10% of 

network 
survives 

1412.0789 

⌦a = ⌦mis

+ ⌦strings

+ ⌦NW
<latexit sha1_base64="xO7BLYp0TlA5WAmIw/EDbUE03ZE=">AAACO3icbZDLSwMxEMazvq2vqkcvi8UiCGVXBL0IohdPvrC20C0lm05rMMkuyaxYlv2/vPhPePPixYMiXr2b1gr2MRD48X0zTOYLY8ENet6LMzE5NT0zOzefW1hcWl7Jr67dmCjRDMosEpGuhtSA4ArKyFFANdZAZSigEt6ddP3KPWjDI3WNnRjqkrYVb3FG0UqN/FVwLqFNGynNiod/HCA8YCq5ybIgyBV3BnWDmqv2eO+skmWNfMEreb1yR8HvQ4H066KRfw6aEUskKGSCGlPzvRjrKdXImYAsFyQGYsruaBtqFhWVYOpp7/bM3bJK021F2j6Fbk/9P5FSaUxHhrZTUrw1w15XHOfVEmwd1FOu4gRBsd9FrUS4GLndIN0m18BQdCxQprn9q8tuqaYMbdw5G4I/fPIo3OyWfK/kX+4Vjo77ccyRDbJJtolP9skROSUXpEwYeSSv5J18OE/Om/PpfP22Tjj9mXUyUM73D1gZr3w=</latexit><latexit sha1_base64="xO7BLYp0TlA5WAmIw/EDbUE03ZE=">AAACO3icbZDLSwMxEMazvq2vqkcvi8UiCGVXBL0IohdPvrC20C0lm05rMMkuyaxYlv2/vPhPePPixYMiXr2b1gr2MRD48X0zTOYLY8ENet6LMzE5NT0zOzefW1hcWl7Jr67dmCjRDMosEpGuhtSA4ArKyFFANdZAZSigEt6ddP3KPWjDI3WNnRjqkrYVb3FG0UqN/FVwLqFNGynNiod/HCA8YCq5ybIgyBV3BnWDmqv2eO+skmWNfMEreb1yR8HvQ4H066KRfw6aEUskKGSCGlPzvRjrKdXImYAsFyQGYsruaBtqFhWVYOpp7/bM3bJK021F2j6Fbk/9P5FSaUxHhrZTUrw1w15XHOfVEmwd1FOu4gRBsd9FrUS4GLndIN0m18BQdCxQprn9q8tuqaYMbdw5G4I/fPIo3OyWfK/kX+4Vjo77ccyRDbJJtolP9skROSUXpEwYeSSv5J18OE/Om/PpfP22Tjj9mXUyUM73D1gZr3w=</latexit><latexit sha1_base64="xO7BLYp0TlA5WAmIw/EDbUE03ZE=">AAACO3icbZDLSwMxEMazvq2vqkcvi8UiCGVXBL0IohdPvrC20C0lm05rMMkuyaxYlv2/vPhPePPixYMiXr2b1gr2MRD48X0zTOYLY8ENet6LMzE5NT0zOzefW1hcWl7Jr67dmCjRDMosEpGuhtSA4ArKyFFANdZAZSigEt6ddP3KPWjDI3WNnRjqkrYVb3FG0UqN/FVwLqFNGynNiod/HCA8YCq5ybIgyBV3BnWDmqv2eO+skmWNfMEreb1yR8HvQ4H066KRfw6aEUskKGSCGlPzvRjrKdXImYAsFyQGYsruaBtqFhWVYOpp7/bM3bJK021F2j6Fbk/9P5FSaUxHhrZTUrw1w15XHOfVEmwd1FOu4gRBsd9FrUS4GLndIN0m18BQdCxQprn9q8tuqaYMbdw5G4I/fPIo3OyWfK/kX+4Vjo77ccyRDbJJtolP9skROSUXpEwYeSSv5J18OE/Om/PpfP22Tjj9mXUyUM73D1gZr3w=</latexit><latexit sha1_base64="xO7BLYp0TlA5WAmIw/EDbUE03ZE=">AAACO3icbZDLSwMxEMazvq2vqkcvi8UiCGVXBL0IohdPvrC20C0lm05rMMkuyaxYlv2/vPhPePPixYMiXr2b1gr2MRD48X0zTOYLY8ENet6LMzE5NT0zOzefW1hcWl7Jr67dmCjRDMosEpGuhtSA4ArKyFFANdZAZSigEt6ddP3KPWjDI3WNnRjqkrYVb3FG0UqN/FVwLqFNGynNiod/HCA8YCq5ybIgyBV3BnWDmqv2eO+skmWNfMEreb1yR8HvQ4H066KRfw6aEUskKGSCGlPzvRjrKdXImYAsFyQGYsruaBtqFhWVYOpp7/bM3bJK021F2j6Fbk/9P5FSaUxHhrZTUrw1w15XHOfVEmwd1FOu4gRBsd9FrUS4GLndIN0m18BQdCxQprn9q8tuqaYMbdw5G4I/fPIo3OyWfK/kX+4Vjo77ccyRDbJJtolP9skROSUXpEwYeSSv5J18OE/Om/PpfP22Tjj9mXUyUM73D1gZr3w=</latexit>



PBHs from closed walls in the network 
collapsing at T2
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<latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit><latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit><latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit><latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit>
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<latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit><latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit><latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit><latexit sha1_base64="DDN4ZhsHmK7SBjiMsaEoqloIcrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CUA+eJIJ5QLKE2UknGTI7u87MCmHJT3jxoIhXf8ebf+Mk2YMmFjQUVd10dwWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNlVp33fSmObmsdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2f3TsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+hd+ymWcGJRsvqifCGIiMn2e9LhCZsTYEsoUt7cSNqSKMmMjKtgQvMWXl0mjUvbcsnd/VqpeZXHk4QiO4RQ8OIcq3EIN6sBAwDO8wpvz6Lw4787HvDXnZDOH8AfO5w9OVY95</latexit>

Advantage 
of 

<latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit>

<latexit sha1_base64="sMmOGI8LgfyHxoThWJro0NOR1z8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69rBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUOO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAq elXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqx6btVrXFVqt3kcRTiBM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBYl2MpQ==</latexit>

Still small p!



Late collapses
• However: still around 10% of the network leftover 

at T2! 

• For walls collapsing after T2, volume contribution 
dominates:

• Need only one order of magnitude in T to reach 

<latexit sha1_base64="rLF8WzlFEuiLxdBUdS7ADAp1aUk=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgutCSlqMuiGzdChb6giWEynbRDZ5IwMxFKiN/hxl9x40IRV4IL/8ZpG0FbD1w4c869zL3HjxmVyrK+jIXFpeWV1cJacX1jc2vb3NltySgRmDRxxCLR8ZEkjIakqahipBMLgrjPSNsfXo799h0RkkZhQ41i4nLUD2lAMVJa8sxK7EjKYcNLHamQyG7Tk2p2fH/9855zTzPPLFllawI4T+yclECOumd+OL0IJ5yECjMkZde2YuWmSCiKGcmKTiJJjPAQ9UlX0xBxIt10clsGD7XSg0EkdIUKTtTfEyniUo64rzs5UgM5643F/7xuooJzN6VhnCgS4ulHQcKgiuA4KNijgmDFRpogLKjeFeIBEggrHWdRh2DPnjxPWpWybZXtm2qpdpHHUQD74AAcARucgRq4AnXQBBg8gCfwAl6NR+PZeDPep60LRj6zB/7A+PwG5Wih7w==</latexit>

<latexit sha1_base64="q2UC+ZoueYnXjJG6Vf//3Zr5lKQ=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubTbJk927ZnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZerKWw6PvfXmltfWNzq7xd2dnd2z+oHh61bZoZxlsslanpxNRyKRLeQoGSd7ThVMWSP8bj25n/+MSNFWnygBPNI0WHiRgIRtFJoQ6H6ExF/HrQq9b8uj8HWSVBQWpQoNmrfoX9lGWKJ8gktbYb+BqjnBoUTPJpJcws15SN6ZB3HU2o4jbK5zdPyZlT+mSQGlcJkrn6eyKnytqJil2nojiyy95M/M/rZji4jnKR6Ax5whaLBpkkmJJZAKQvDGcoJ45QZoS7lbARNZShi6niQgiWX14l7Yt64BK7v6w1boo4ynACp3AOAVxBA+6gCS1goOEZXuHNy7wX7937WLSWvGLmGP7A+/wBCvWRAw==</latexit>



Collapse after T2
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Example 

in the lower 
corner of 

parameter space



Collapse after T2
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PBH fraction
• Reasonable expectation:

<latexit sha1_base64="7UhTgAedReD2p7OIcYOJ3uPD064="></latexit>

Collapse of 
single 

structure

Decay of the 
whole network

•  N takes into account asphericities, ang. momentum 
etc. For large p, expect                 .

<latexit sha1_base64="B5RGBQuwQMTstAOTspsAelAQQVk=">AAAB8XicbVBNSwMxEJ2tX7V+rXr0EixCvZRdEfRY9OJJK9gPbJeSTbNtaJJdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0w408bzvp3Cyura+kZxs7S1vbO75+4fNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKR9dTv/VElWaxfDDjhAYCDySLGMHGSo+3Xc0Euqv4pz237FW9GdAy8XNShhz1nvvV7cckFVQawrHWHd9LTJBhZRjhdFLqppommIzwgHYslVhQHWSziyfoxCp9FMXKljRopv6eyLDQeixC2ymwGepFbyr+53VSE10GGZNJaqgk80VRypGJ0fR91GeKEsPHlmCimL0VkSFWmBgbUsmG4C++vEyaZ1Xfq/r35+XaVR5HEY7gGCrgwwXU4Abq0AACEp7hFd4c7bw4787HvLXg5DOH8AfO5w/tyI/C</latexit>

•  After T2 , network is dominated by bias term 
Surviving 

fraction of the 
network

⇢nw = Pnw⇤
4
B

<latexit sha1_base64="p5P5rL+lDpatYqyyhqKogyq+3GU=">AAACFnicbVC7TsMwFHXKq5RXgJElokJioUpQJViQqrIwMBSJPqQmRI7rtlYdJ7JvgCrKV7DwKywMIMSK2Pgb3MdQWo5k6fice699TxBzpsC2f4zc0vLK6lp+vbCxubW9Y+7uNVSUSELrJOKRbAVYUc4ErQMDTluxpDgMOG0Gg8uR37ynUrFI3MIwpl6Ie4J1GcGgJd88cWU/8lMX6COk4iHLLmqzN/daj+pgP61md2k5882iXbLHsBaJMyVFNEXNN7/dTkSSkAogHCvVduwYvBRLYITTrOAmisaYDHCPtjUVOKTKS8drZdaRVjpWN5L6CLDG6mxHikOlhmGgK0MMfTXvjcT/vHYC3XMvZSJOgAoyeaibcAsia5SR1WGSEuBDTTCRTP/VIn0sMQGdZEGH4MyvvEgapyXHLjk35WKlOo0jjw7QITpGDjpDFXSFaqiOCHpCL+gNvRvPxqvxYXxOSnPGtGcf/YHx9QvgP6EJ</latexit><latexit sha1_base64="p5P5rL+lDpatYqyyhqKogyq+3GU=">AAACFnicbVC7TsMwFHXKq5RXgJElokJioUpQJViQqrIwMBSJPqQmRI7rtlYdJ7JvgCrKV7DwKywMIMSK2Pgb3MdQWo5k6fice699TxBzpsC2f4zc0vLK6lp+vbCxubW9Y+7uNVSUSELrJOKRbAVYUc4ErQMDTluxpDgMOG0Gg8uR37ynUrFI3MIwpl6Ie4J1GcGgJd88cWU/8lMX6COk4iHLLmqzN/daj+pgP61md2k5882iXbLHsBaJMyVFNEXNN7/dTkSSkAogHCvVduwYvBRLYITTrOAmisaYDHCPtjUVOKTKS8drZdaRVjpWN5L6CLDG6mxHikOlhmGgK0MMfTXvjcT/vHYC3XMvZSJOgAoyeaibcAsia5SR1WGSEuBDTTCRTP/VIn0sMQGdZEGH4MyvvEgapyXHLjk35WKlOo0jjw7QITpGDjpDFXSFaqiOCHpCL+gNvRvPxqvxYXxOSnPGtGcf/YHx9QvgP6EJ</latexit><latexit sha1_base64="p5P5rL+lDpatYqyyhqKogyq+3GU=">AAACFnicbVC7TsMwFHXKq5RXgJElokJioUpQJViQqrIwMBSJPqQmRI7rtlYdJ7JvgCrKV7DwKywMIMSK2Pgb3MdQWo5k6fice699TxBzpsC2f4zc0vLK6lp+vbCxubW9Y+7uNVSUSELrJOKRbAVYUc4ErQMDTluxpDgMOG0Gg8uR37ynUrFI3MIwpl6Ie4J1GcGgJd88cWU/8lMX6COk4iHLLmqzN/daj+pgP61md2k5882iXbLHsBaJMyVFNEXNN7/dTkSSkAogHCvVduwYvBRLYITTrOAmisaYDHCPtjUVOKTKS8drZdaRVjpWN5L6CLDG6mxHikOlhmGgK0MMfTXvjcT/vHYC3XMvZSJOgAoyeaibcAsia5SR1WGSEuBDTTCRTP/VIn0sMQGdZEGH4MyvvEgapyXHLjk35WKlOo0jjw7QITpGDjpDFXSFaqiOCHpCL+gNvRvPxqvxYXxOSnPGtGcf/YHx9QvgP6EJ</latexit><latexit sha1_base64="p5P5rL+lDpatYqyyhqKogyq+3GU=">AAACFnicbVC7TsMwFHXKq5RXgJElokJioUpQJViQqrIwMBSJPqQmRI7rtlYdJ7JvgCrKV7DwKywMIMSK2Pgb3MdQWo5k6fice699TxBzpsC2f4zc0vLK6lp+vbCxubW9Y+7uNVSUSELrJOKRbAVYUc4ErQMDTluxpDgMOG0Gg8uR37ynUrFI3MIwpl6Ie4J1GcGgJd88cWU/8lMX6COk4iHLLmqzN/daj+pgP61md2k5882iXbLHsBaJMyVFNEXNN7/dTkSSkAogHCvVduwYvBRLYITTrOAmisaYDHCPtjUVOKTKS8drZdaRVjpWN5L6CLDG6mxHikOlhmGgK0MMfTXvjcT/vHYC3XMvZSJOgAoyeaibcAsia5SR1WGSEuBDTTCRTP/VIn0sMQGdZEGH4MyvvEgapyXHLjk35WKlOo0jjw7QITpGDjpDFXSFaqiOCHpCL+gNvRvPxqvxYXxOSnPGtGcf/YHx9QvgP6EJ</latexit>



PBH fraction
• For detailed estimate: need numerical simulations!

• For simplicity, assume

<latexit sha1_base64="lN4PmZ6D59gSNs7wLs94piuhSi0="></latexit>

• Simulations of Kawasaki et al. ´14 suggest            . <latexit sha1_base64="xWOxzrHb317+aCjrWxo2kRGCIE4=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiQj0WvXisYFuhCWWy3bRLN9lldyPW0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRZIzbTzv2ymtrW9sbpW3Kzu7e/tV9+Cwo0WmCG0TwYW6j0BTzlLaNsxwei8VhSTitBuNr2d+94EqzUR6ZyaShgkMUxYzAsZKfbcaAJcjCEBKJR5xo+/WvLo3B14lfkFqqECr734FA0GyhKaGcNC653vShDkowwin00qQaSqBjGFIe5amkFAd5vPDp/jUKgMcC2UrNXiu/p7IIdF6kkS2MwEz0sveTPzP62UmvgxzlsrM0JQsFsUZx0bgWQp4wBQlhk8sAaKYvRWTESggxmZVsSH4yy+vks553ffq/u1FrXlVxFFGx+gEnSEfNVAT3aAWaiOCMvSMXtGb8+S8OO/Ox6K15BQzR+gPnM8fdOeS8A==</latexit>

• For N=2, f peaks at             !                            ⇠ 10�6
<latexit sha1_base64="oD9UJLZbYEVtzDt0W1XexjOCZpE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4r2A9oYtlsN+3S3U3Y3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDv1O09UaRbLBzNJaCDwULKIEWys5PuaCeS5j9nZZd6v1ty6OwNaJl5BalCg2a9++YOYpIJKQzjWuue5iQkyrAwjnOYVP9U0wWSMh7RnqcSC6iCb3ZyjE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvan4n9dLTXQdZEwmqaGSzBdFKUcmRtMA0IApSgyfWIKJYvZWREZYYWJsTBUbgrf48jJpn9c9t+7dX9QaN0UcZTiCYzgFD66gAXfQhBYQSOAZXuHNSZ0X5935mLeWnGLmEP7A+fwBuvKQ0Q==</latexit><latexit sha1_base64="oD9UJLZbYEVtzDt0W1XexjOCZpE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4r2A9oYtlsN+3S3U3Y3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDv1O09UaRbLBzNJaCDwULKIEWys5PuaCeS5j9nZZd6v1ty6OwNaJl5BalCg2a9++YOYpIJKQzjWuue5iQkyrAwjnOYVP9U0wWSMh7RnqcSC6iCb3ZyjE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvan4n9dLTXQdZEwmqaGSzBdFKUcmRtMA0IApSgyfWIKJYvZWREZYYWJsTBUbgrf48jJpn9c9t+7dX9QaN0UcZTiCYzgFD66gAXfQhBYQSOAZXuHNSZ0X5935mLeWnGLmEP7A+fwBuvKQ0Q==</latexit><latexit sha1_base64="oD9UJLZbYEVtzDt0W1XexjOCZpE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4r2A9oYtlsN+3S3U3Y3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDv1O09UaRbLBzNJaCDwULKIEWys5PuaCeS5j9nZZd6v1ty6OwNaJl5BalCg2a9++YOYpIJKQzjWuue5iQkyrAwjnOYVP9U0wWSMh7RnqcSC6iCb3ZyjE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvan4n9dLTXQdZEwmqaGSzBdFKUcmRtMA0IApSgyfWIKJYvZWREZYYWJsTBUbgrf48jJpn9c9t+7dX9QaN0UcZTiCYzgFD66gAXfQhBYQSOAZXuHNSZ0X5935mLeWnGLmEP7A+fwBuvKQ0Q==</latexit><latexit sha1_base64="oD9UJLZbYEVtzDt0W1XexjOCZpE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4r2A9oYtlsN+3S3U3Y3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDv1O09UaRbLBzNJaCDwULKIEWys5PuaCeS5j9nZZd6v1ty6OwNaJl5BalCg2a9++YOYpIJKQzjWuue5iQkyrAwjnOYVP9U0wWSMh7RnqcSC6iCb3ZyjE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvan4n9dLTXQdZEwmqaGSzBdFKUcmRtMA0IApSgyfWIKJYvZWREZYYWJsTBUbgrf48jJpn9c9t+7dX9QaN0UcZTiCYzgFD66gAXfQhBYQSOAZXuHNSZ0X5935mLeWnGLmEP7A+fwBuvKQ0Q==</latexit>



Conclusions
• QCD axion models with NDW > 1 are characterised by 

long-lived string-domain walls network. 

• Under reasonable expectations,                             PBHs 
can be obtained from the collapse of closed structures in 
the network. 

• Small fraction,                 . DM dominantly made of axion 
quanta. 

• Preferred region of axion parameter space

<latexit sha1_base64="jmZxWvrZNlv8P1ofwrwK8hNVz6E=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpJIoS6LbtwUKtgHNDFMJpN26CQTZiZCCVm58VfcuFDErd/gzr9x0nahrQcu93DOvczc4yeMSmVZ30ZpZXVtfaO8Wdna3tndM/cPupKnApMO5oyLvo8kYTQmHUUVI/1EEBT5jPT88XXh9x6IkJTHd2qSEDdCw5iGFCOlJc88bjmSRtC27rN6fl60Rg5bXubwgKvcM6tWzZoCLhN7TqpgjrZnfjkBx2lEYoUZknJgW4lyMyQUxYzkFSeVJEF4jIZkoGmMIiLdbHpGDk+1EsCQC12xglP190aGIiknka8nI6RGctErxP+8QarCSzejcZIqEuPZQ2HKoOKwyAQGVBCs2EQThAXVf4V4hATCSidX0SHYiycvk+5FzbZq9m292ryax1EGR+AEnAEbNEAT3IA26AAMHsEzeAVvxpPxYrwbH7PRkjHfOQR/YHz+AEZkl7s=</latexit>

<latexit sha1_base64="/ZIAKNVQsL4IiZHeNS4bhBOx8Kk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4sSQi6rHoxWMF+wFtLZvtpl262YTdSaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSKQw6Hnfzsrq2vrGZmGruL2zu7fvHhzWTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwTDu6nfGHFtRKwecZzwTkT7SoSCUbRS13XDdh+tHRHfe8rOryZdt+SVvRnIMvFzUoIc1a771e7FLI24QiapMS3fS7CTUY2CST4ptlPDE8qGtM9blioacdPJZpdPyKlVeiSMtS2FZKb+nshoZMw4CmxnRHFgFr2p+J/XSjG86WRCJSlyxeaLwlQSjMk0BtITmjOUY0so08LeStiAasrQhlW0IfiLLy+T+kXZ98r+w2WpcpvHUYBjOIEz8OEaKnAPVagBgxE8wyu8OZnz4rw7H/PWFSefOYI/cD5/AHDhkt0=</latexit>

<latexit sha1_base64="tyCCP2WxL4clzdAPGwrp4/3ReFE=">AAACI3icbVBNSwMxEM3Wr1q/qh69BIvgqeyK4MepKKhHFVuFbi3ZdNqGJrtLMquWpf4WL/4VLx4U8eLB/2Ja96DWBwOP92aSmRfEUhh03Q8nNzE5NT2Tny3MzS8sLhWXV2omSjSHKo9kpK8CZkCKEKooUMJVrIGpQMJl0Dsc+pc3oI2Iwgvsx9BQrBOKtuAMrdQs7h/5EowxQlHPvU73Bvc+wh2mx1Ab+Oei00WmdXRLld9B+4rKbGXtZrHklt0R6DjxMlIiGU6bxTe/FfFEQYhcMmPqnhtjI2UaBZcwKPiJgZjxHutA3dKQKTCNdHTjgG5YpUXbkbYVIh2pPydSpozpq8B2KoZd89cbiv959QTbu41UhHGCEPLvj9qJpBjRYWC0JTRwlH1LGNfC7kp5l2nG0cZasCF4f08eJ7WtsueWvbPtUuUgiyNP1sg62SQe2SEVckJOSZVw8kCeyAt5dR6dZ+fNef9uzTnZzCr5BefzC2BTpf0=</latexit>

To be explored at: 
IAXO, TASTE, 

ARIADNE, ALPSII, …

Outlook: bias term from dark QCD? Details of collapse?



Backup



Axion mass
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⇣
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<latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hyQ6qNfK5wDlfZ5C6HzHw4B5V74="></latexit><latexit sha1_base64="hyQ6qNfK5wDlfZ5C6HzHw4B5V74="></latexit><latexit sha1_base64="AKnYYTGx9cPaxb8Q/MVxo8o7eWQ="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hyQ6qNfK5wDlfZ5C6HzHw4B5V74="></latexit><latexit sha1_base64="hyQ6qNfK5wDlfZ5C6HzHw4B5V74="></latexit><latexit sha1_base64="AKnYYTGx9cPaxb8Q/MVxo8o7eWQ="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit><latexit sha1_base64="o3Bc+roZvLsCSZE9xNOdIev1DpM="></latexit>

Parameters determined from Dilute Instanton Gas 
Approximation (High T, Wantz et al.´10) and Lattice (Borsanyi et al.´16 )   

n ⇡ 7, T0 ⇡ 100 MeV
<latexit sha1_base64="Oun7xEEeNWIGdkz5cXZ6PgwCJ2A=">AAACEHicbVBNSwMxEM36WevXqkcvwSJ6kJIVoR5FL16ECm0V2lKy6bQGs9klmRXL0v4DL/4VLx4U8erRm//GtFbQ6oOBl/dmyMwLEyUtMvbhTU3PzM7N5xbyi0vLK6v+2nrNxqkRUBWxis1lyC0oqaGKEhVcJgZ4FCq4CK9Phv7FDRgrY13BXgLNiHe17EjB0Uktf0c3eJKY+JaW9gaVVsb63++AsUED4RazM6j1W36BFdkI9C8JxqRAxii3/PdGOxZpBBqF4tbWA5ZgM+MGpVDQzzdSCwkX17wLdUc1j8A2s9FBfbrtlDbtxMaVRjpSf05kPLK2F4WuM+J4ZSe9ofifV0+xc9jMpE5SBC2+PuqkimJMh+nQtjQgUPUc4cJItysVV9xwgS7DvAshmDz5L6ntFwNWDM4PCkfH4zhyZJNskV0SkBI5IqekTKpEkDvyQJ7Is3fvPXov3utX65Q3ntkgv+C9fQJBGJy3</latexit><latexit sha1_base64="Oun7xEEeNWIGdkz5cXZ6PgwCJ2A=">AAACEHicbVBNSwMxEM36WevXqkcvwSJ6kJIVoR5FL16ECm0V2lKy6bQGs9klmRXL0v4DL/4VLx4U8erRm//GtFbQ6oOBl/dmyMwLEyUtMvbhTU3PzM7N5xbyi0vLK6v+2nrNxqkRUBWxis1lyC0oqaGKEhVcJgZ4FCq4CK9Phv7FDRgrY13BXgLNiHe17EjB0Uktf0c3eJKY+JaW9gaVVsb63++AsUED4RazM6j1W36BFdkI9C8JxqRAxii3/PdGOxZpBBqF4tbWA5ZgM+MGpVDQzzdSCwkX17wLdUc1j8A2s9FBfbrtlDbtxMaVRjpSf05kPLK2F4WuM+J4ZSe9ofifV0+xc9jMpE5SBC2+PuqkimJMh+nQtjQgUPUc4cJItysVV9xwgS7DvAshmDz5L6ntFwNWDM4PCkfH4zhyZJNskV0SkBI5IqekTKpEkDvyQJ7Is3fvPXov3utX65Q3ntkgv+C9fQJBGJy3</latexit><latexit sha1_base64="Oun7xEEeNWIGdkz5cXZ6PgwCJ2A=">AAACEHicbVBNSwMxEM36WevXqkcvwSJ6kJIVoR5FL16ECm0V2lKy6bQGs9klmRXL0v4DL/4VLx4U8erRm//GtFbQ6oOBl/dmyMwLEyUtMvbhTU3PzM7N5xbyi0vLK6v+2nrNxqkRUBWxis1lyC0oqaGKEhVcJgZ4FCq4CK9Phv7FDRgrY13BXgLNiHe17EjB0Uktf0c3eJKY+JaW9gaVVsb63++AsUED4RazM6j1W36BFdkI9C8JxqRAxii3/PdGOxZpBBqF4tbWA5ZgM+MGpVDQzzdSCwkX17wLdUc1j8A2s9FBfbrtlDbtxMaVRjpSf05kPLK2F4WuM+J4ZSe9ofifV0+xc9jMpE5SBC2+PuqkimJMh+nQtjQgUPUc4cJItysVV9xwgS7DvAshmDz5L6ntFwNWDM4PCkfH4zhyZJNskV0SkBI5IqekTKpEkDvyQJ7Is3fvPXov3utX65Q3ntkgv+C9fQJBGJy3</latexit><latexit sha1_base64="Oun7xEEeNWIGdkz5cXZ6PgwCJ2A=">AAACEHicbVBNSwMxEM36WevXqkcvwSJ6kJIVoR5FL16ECm0V2lKy6bQGs9klmRXL0v4DL/4VLx4U8erRm//GtFbQ6oOBl/dmyMwLEyUtMvbhTU3PzM7N5xbyi0vLK6v+2nrNxqkRUBWxis1lyC0oqaGKEhVcJgZ4FCq4CK9Phv7FDRgrY13BXgLNiHe17EjB0Uktf0c3eJKY+JaW9gaVVsb63++AsUED4RazM6j1W36BFdkI9C8JxqRAxii3/PdGOxZpBBqF4tbWA5ZgM+MGpVDQzzdSCwkX17wLdUc1j8A2s9FBfbrtlDbtxMaVRjpSf05kPLK2F4WuM+J4ZSe9ofifV0+xc9jMpE5SBC2+PuqkimJMh+nQtjQgUPUc4cJItysVV9xwgS7DvAshmDz5L6ntFwNWDM4PCkfH4zhyZJNskV0SkBI5IqekTKpEkDvyQJ7Is3fvPXov3utX65Q3ntkgv+C9fQJBGJy3</latexit>

see Bonati et al.´16 for deviations 



Bias term
•                 :                         domain wall problem!NDW > 1

<latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit><latexit sha1_base64="H2J5t96g4v41BendtkRD4DzSQs8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIepKiHjxJBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geD3xm0+oNI/lgxkl6Ee0L3nIGTVWat11s5vm+NLrlspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTe8dk2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhMnic9rpAZMbKEMsXtrYQNqKLM2IiKNgRv/uVF0jiteG7Fuz8rV6/yOApwCEdwAh6cQxVuoQZ1YCDgGV7hzXl0Xpx352PWuuTkMwfwB87nD05Wj3k=</latexit>

⇢nw ⇠ a�2
<latexit sha1_base64="ybM9hytoYyZGgeTRQ7fqwFFn+ZQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSBF0W3bisYB/QxDCZTtqhk5kwM1FqCP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHCqNKO822VlpZXVtfK65WNza3tHXt3r61EKjFpYcGE7IZIEUY5aWmqGekmkqA4ZKQTjq4mfueeSEUFv9XjhPgxGnAaUYy0kQL7wJNDEWT8IfcUjSG6y07reWBXnZozBVwkbkGqoEAzsL+8vsBpTLjGDCnVc51E+xmSmmJG8oqXKpIgPEID0jOUo5goP5ten8Njo/RhJKQpruFU/T2RoVipcRyazhjpoZr3JuJ/Xi/V0YWfUZ6kmnA8WxSlDGoBJ1HAPpUEazY2BGFJza0QD5FEWJvAKiYEd/7lRdKu11yn5t6cVRuXRRxlcAiOwAlwwTlogGvQBC2AwSN4Bq/gzXqyXqx362PWWrKKmX3wB9bnD25AlS8=</latexit><latexit sha1_base64="ybM9hytoYyZGgeTRQ7fqwFFn+ZQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSBF0W3bisYB/QxDCZTtqhk5kwM1FqCP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHCqNKO822VlpZXVtfK65WNza3tHXt3r61EKjFpYcGE7IZIEUY5aWmqGekmkqA4ZKQTjq4mfueeSEUFv9XjhPgxGnAaUYy0kQL7wJNDEWT8IfcUjSG6y07reWBXnZozBVwkbkGqoEAzsL+8vsBpTLjGDCnVc51E+xmSmmJG8oqXKpIgPEID0jOUo5goP5ten8Njo/RhJKQpruFU/T2RoVipcRyazhjpoZr3JuJ/Xi/V0YWfUZ6kmnA8WxSlDGoBJ1HAPpUEazY2BGFJza0QD5FEWJvAKiYEd/7lRdKu11yn5t6cVRuXRRxlcAiOwAlwwTlogGvQBC2AwSN4Bq/gzXqyXqx362PWWrKKmX3wB9bnD25AlS8=</latexit><latexit sha1_base64="ybM9hytoYyZGgeTRQ7fqwFFn+ZQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSBF0W3bisYB/QxDCZTtqhk5kwM1FqCP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHCqNKO822VlpZXVtfK65WNza3tHXt3r61EKjFpYcGE7IZIEUY5aWmqGekmkqA4ZKQTjq4mfueeSEUFv9XjhPgxGnAaUYy0kQL7wJNDEWT8IfcUjSG6y07reWBXnZozBVwkbkGqoEAzsL+8vsBpTLjGDCnVc51E+xmSmmJG8oqXKpIgPEID0jOUo5goP5ten8Njo/RhJKQpruFU/T2RoVipcRyazhjpoZr3JuJ/Xi/V0YWfUZ6kmnA8WxSlDGoBJ1HAPpUEazY2BGFJza0QD5FEWJvAKiYEd/7lRdKu11yn5t6cVRuXRRxlcAiOwAlwwTlogGvQBC2AwSN4Bq/gzXqyXqx362PWWrKKmX3wB9bnD25AlS8=</latexit><latexit sha1_base64="ybM9hytoYyZGgeTRQ7fqwFFn+ZQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSBF0W3bisYB/QxDCZTtqhk5kwM1FqCP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHCqNKO822VlpZXVtfK65WNza3tHXt3r61EKjFpYcGE7IZIEUY5aWmqGekmkqA4ZKQTjq4mfueeSEUFv9XjhPgxGnAaUYy0kQL7wJNDEWT8IfcUjSG6y07reWBXnZozBVwkbkGqoEAzsL+8vsBpTLjGDCnVc51E+xmSmmJG8oqXKpIgPEID0jOUo5goP5ten8Njo/RhJKQpruFU/T2RoVipcRyazhjpoZr3JuJ/Xi/V0YWfUZ6kmnA8WxSlDGoBJ1HAPpUEazY2BGFJza0QD5FEWJvAKiYEd/7lRdKu11yn5t6cVRuXRRxlcAiOwAlwwTlogGvQBC2AwSN4Bq/gzXqyXqx362PWWrKKmX3wB9bnD25AlS8=</latexit>

•  Need to lift degeneracy of vacua

-π π a/v

V(a)

�V
<latexit sha1_base64="223KbNtkb2ZLQKRqCifefvwjEOc=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFmzW664VXcGtky8nFQgR71b/ur0EpFFGJNQ3Ji256bkj7kmKRROSp3MYMrFkPexbWnMIzT+eHbvhJ1YpcfCRNuKic3U3xNjHhkzigLbGXEamEVvKv7ntTMKL/2xjNOMMBbzRWGmGCVs+jzrSY2C1MgSLrS0tzIx4JoLshGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0aIEDBM7zCm/PovDjvzse8teDkM4fwB87nD2H9j4Y=</latexit><latexit sha1_base64="223KbNtkb2ZLQKRqCifefvwjEOc=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFmzW664VXcGtky8nFQgR71b/ur0EpFFGJNQ3Ji256bkj7kmKRROSp3MYMrFkPexbWnMIzT+eHbvhJ1YpcfCRNuKic3U3xNjHhkzigLbGXEamEVvKv7ntTMKL/2xjNOMMBbzRWGmGCVs+jzrSY2C1MgSLrS0tzIx4JoLshGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0aIEDBM7zCm/PovDjvzse8teDkM4fwB87nD2H9j4Y=</latexit><latexit sha1_base64="223KbNtkb2ZLQKRqCifefvwjEOc=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFmzW664VXcGtky8nFQgR71b/ur0EpFFGJNQ3Ji256bkj7kmKRROSp3MYMrFkPexbWnMIzT+eHbvhJ1YpcfCRNuKic3U3xNjHhkzigLbGXEamEVvKv7ntTMKL/2xjNOMMBbzRWGmGCVs+jzrSY2C1MgSLrS0tzIx4JoLshGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0aIEDBM7zCm/PovDjvzse8teDkM4fwB87nD2H9j4Y=</latexit><latexit sha1_base64="223KbNtkb2ZLQKRqCifefvwjEOc=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFmzW664VXcGtky8nFQgR71b/ur0EpFFGJNQ3Ji256bkj7kmKRROSp3MYMrFkPexbWnMIzT+eHbvhJ1YpcfCRNuKic3U3xNjHhkzigLbGXEamEVvKv7ntTMKL/2xjNOMMBbzRWGmGCVs+jzrSY2C1MgSLrS0tzIx4JoLshGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0aIEDBM7zCm/PovDjvzse8teDkM4fwB87nD2H9j4Y=</latexit>

Add: VB = ⇤4
B

h
1� cos

⇣a
v
+ �

⌘i

<latexit sha1_base64="2QvB+V21ffPEJ8utotrERCPNLjs="></latexit><latexit sha1_base64="2QvB+V21ffPEJ8utotrERCPNLjs="></latexit><latexit sha1_base64="2QvB+V21ffPEJ8utotrERCPNLjs="></latexit><latexit sha1_base64="2QvB+V21ffPEJ8utotrERCPNLjs="></latexit>



Bias from dark QCD
• Consider dark QCD without light quarks confining 

below T2 and coupled to the QCD axion. 

• Induce temperature-dependent bias term. 

• Increases with decreasing temperature!  

• Large p achieved faster! Possibly larger fraction of 
PBHs with smaller masses!

�V (T ) ' mB(T )
2F 2

<latexit sha1_base64="gJ+EDGT1rJMSgjWXdNQ1JTfoUpE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpgi5LFXFZoS9ox5JJb9vQZGZMMkIZ+gFu/BU3LhRx6we482/MtLPQ1gMJJ+eey809XsiZ0rb9bWVWVtfWN7Kbua3tnd29/P5BUwWRpNCgAQ9k2yMKOPOhoZnm0A4lEOFxaHnjy6TeegCpWODX9SQEV5ChzwaMEm2kXr7QvQKuCW4W66ddxQTcY9GLq1PzvIvL0+vkMi67ZM+Al4mTkgJKUevlv7r9gEYCfE05Uarj2KF2YyI1oxymuW6kICR0TIbQMdQnApQbz5aZ4hOj9PEgkOb4Gs/U3x0xEUpNhGecguiRWqwl4n+1TqQHF27M/DDS4NP5oEHEsQ5wkgzuMwlU84khhEpm/orpiEhCtckvZ0JwFldeJs1yybFLzu1ZoVJN48iiI3SMishB56iCblANNRBFj+gZvaI368l6sd6tj7k1Y6U9h+gPrM8fitGaBg==</latexit><latexit sha1_base64="gJ+EDGT1rJMSgjWXdNQ1JTfoUpE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpgi5LFXFZoS9ox5JJb9vQZGZMMkIZ+gFu/BU3LhRx6we482/MtLPQ1gMJJ+eey809XsiZ0rb9bWVWVtfWN7Kbua3tnd29/P5BUwWRpNCgAQ9k2yMKOPOhoZnm0A4lEOFxaHnjy6TeegCpWODX9SQEV5ChzwaMEm2kXr7QvQKuCW4W66ddxQTcY9GLq1PzvIvL0+vkMi67ZM+Al4mTkgJKUevlv7r9gEYCfE05Uarj2KF2YyI1oxymuW6kICR0TIbQMdQnApQbz5aZ4hOj9PEgkOb4Gs/U3x0xEUpNhGecguiRWqwl4n+1TqQHF27M/DDS4NP5oEHEsQ5wkgzuMwlU84khhEpm/orpiEhCtckvZ0JwFldeJs1yybFLzu1ZoVJN48iiI3SMishB56iCblANNRBFj+gZvaI368l6sd6tj7k1Y6U9h+gPrM8fitGaBg==</latexit><latexit sha1_base64="gJ+EDGT1rJMSgjWXdNQ1JTfoUpE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpgi5LFXFZoS9ox5JJb9vQZGZMMkIZ+gFu/BU3LhRx6we482/MtLPQ1gMJJ+eey809XsiZ0rb9bWVWVtfWN7Kbua3tnd29/P5BUwWRpNCgAQ9k2yMKOPOhoZnm0A4lEOFxaHnjy6TeegCpWODX9SQEV5ChzwaMEm2kXr7QvQKuCW4W66ddxQTcY9GLq1PzvIvL0+vkMi67ZM+Al4mTkgJKUevlv7r9gEYCfE05Uarj2KF2YyI1oxymuW6kICR0TIbQMdQnApQbz5aZ4hOj9PEgkOb4Gs/U3x0xEUpNhGecguiRWqwl4n+1TqQHF27M/DDS4NP5oEHEsQ5wkgzuMwlU84khhEpm/orpiEhCtckvZ0JwFldeJs1yybFLzu1ZoVJN48iiI3SMishB56iCblANNRBFj+gZvaI368l6sd6tj7k1Y6U9h+gPrM8fitGaBg==</latexit><latexit sha1_base64="gJ+EDGT1rJMSgjWXdNQ1JTfoUpE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpgi5LFXFZoS9ox5JJb9vQZGZMMkIZ+gFu/BU3LhRx6we482/MtLPQ1gMJJ+eey809XsiZ0rb9bWVWVtfWN7Kbua3tnd29/P5BUwWRpNCgAQ9k2yMKOPOhoZnm0A4lEOFxaHnjy6TeegCpWODX9SQEV5ChzwaMEm2kXr7QvQKuCW4W66ddxQTcY9GLq1PzvIvL0+vkMi67ZM+Al4mTkgJKUevlv7r9gEYCfE05Uarj2KF2YyI1oxymuW6kICR0TIbQMdQnApQbz5aZ4hOj9PEgkOb4Gs/U3x0xEUpNhGecguiRWqwl4n+1TqQHF27M/DDS4NP5oEHEsQ5wkgzuMwlU84khhEpm/orpiEhCtckvZ0JwFldeJs1yybFLzu1ZoVJN48iiI3SMishB56iCblANNRBFj+gZvaI368l6sd6tj7k1Y6U9h+gPrM8fitGaBg==</latexit>



Axion relic abundance
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<latexit sha1_base64="g5RGas95hHKaOT6DlR5bp3c2ops="></latexit><latexit sha1_base64="g5RGas95hHKaOT6DlR5bp3c2ops="></latexit><latexit sha1_base64="g5RGas95hHKaOT6DlR5bp3c2ops="></latexit><latexit sha1_base64="g5RGas95hHKaOT6DlR5bp3c2ops="></latexit>

⌦stringsh
2 ' Cn
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F

109 GeV

◆ 6+n
4+n

✓
ge↵(T1)
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✓
⇤QCD

400 MeV

◆

<latexit sha1_base64="4l5qtIEzfKkwzN+10nW0PkgRsws="></latexit><latexit sha1_base64="4l5qtIEzfKkwzN+10nW0PkgRsws="></latexit><latexit sha1_base64="4l5qtIEzfKkwzN+10nW0PkgRsws="></latexit><latexit sha1_base64="4l5qtIEzfKkwzN+10nW0PkgRsws="></latexit>

⌦nwh
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F

109 GeV
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⇤QCD

400 MeV

◆2 ✓ge↵(T2)
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<latexit sha1_base64="4Rnq2v61M6GnT3Bze7RjcCOLB1o="></latexit><latexit sha1_base64="4Rnq2v61M6GnT3Bze7RjcCOLB1o="></latexit><latexit sha1_base64="4Rnq2v61M6GnT3Bze7RjcCOLB1o="></latexit><latexit sha1_base64="4Rnq2v61M6GnT3Bze7RjcCOLB1o="></latexit>


