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Introduction
• Dirac observed that existence of magnetic monopoles implies quantization of 

electric charge. ’t Hooft and Polyakov showed Grand Unified Theories 
necessitate magnetic monopoles. In Standard Big Bang Cosmology, magnetic 
monopoles can be produced in copious amount and can lead to overclosure of 
the universe

• Direct production of magnetic monopoles from Hawking radiation is 
exponentially suppressed due to their spatial extension

P.A.M. Dirac, Proc. Roy. Soc. (London) A 133, 60 (1931)
't Hooft, G. 1974. Nucl. Phys. B 79 : 276
Polyakov, A. M. 1974. JETP Lett. 20: 194 
Johnson, March-Russel, arXiv: 1812.10500 2



Introduction
• In early universe, evaporation Black Holes (BH) will heat up the surrounding 

plasma.

• Near the central region, broken symmetries are restored. The size of symmetry 
restored region can be much larger than the BH.

• After the evaporation is complete, the region slowly cools down and produces 
topological defects by Kibble mechanism.

• The number of monopoles produced can be significant and can lead to novel 
scenarios, like overclosure of the universe.
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Temperature profile around a BH
Radiation Transfer

<latexit sha1_base64="nEqrDw0fihxXs1RixdmNCVb9tkc="></latexit>
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<latexit sha1_base64="GDs+r04xyNa/izv7uy58WiGSMYU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF71VsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLFS+76f9WQ67ZcrbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzH4nA66QGTGxhDLF7a2EjaiizNiESjYEb/nlVdKqVb3Lau3holK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9yQo+m</latexit>

I⌫ = Specific Intensity
<latexit sha1_base64="DRemkbz8V6PqVpQk0IE34PjikFw=">AAACDHicbVDLSsNAFL3xWeur6tLNYBFclaSIuhGKblxWsA9oQplMJu3QySTMTIQS8gFu/BU3LhRx6we482+ctkG09cDA4ZxzuXOPn3CmtG1/WUvLK6tr66WN8ubW9s5uZW+/reJUEtoiMY9l18eKciZoSzPNaTeRFEc+px1/dD3xO/dUKhaLOz1OqBfhgWAhI1gbqV+puqHEJHPyzOVmKsD55Y8iXMUGEc5Nyq7ZU6BF4hSkCgWa/cqnG8QkjajQhGOleo6daC/DUjPCaV52U0UTTEZ4QHuGChxR5WXTY3J0bJQAhbE0T2g0VX9PZDhSahz5JhlhPVTz3kT8z+ulOrzwMiaSVFNBZovClCMdo0kzKGCSEs3HhmAimfkrIkNsutCmv7IpwZk/eZG06zXnrFa/Pa02roo6SnAIR3ACDpxDA26gCS0g8ABP8AKv1qP1bL1Z77PoklXMHMAfWB/fxxecFw==</latexit>
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= Absorption coefficient

<latexit sha1_base64="fcTd3SgMjMXokPA/DUPqHIpEijc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUfuxnPZlO++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms9/JgCtkRkwsoUxxeythI6ooMzahkg3BW355lbRqVe+yWru/qNRv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8welDI/H</latexit>

j⌫ = Emissivity

Equation governing the transfer of energy in thermal systems 
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Temperature profile around a BH
Radiation Transfer

<latexit sha1_base64="8x0siLPWkQboao0kyffGaf38GK8=">AAAB+3icbVDLTsMwEHTKq5RXKEcuFhVSOVCSgoBjBReORepLakPluE5r1XYi20FUUX6FCwcQ4sqPcONvcNscoGWklUYzu9rd8SNGlXacbyu3srq2vpHfLGxt7+zu2fvFlgpjiUkThyyUHR8pwqggTU01I51IEsR9Rtr++Hbqtx+JVDQUDT2JiMfRUNCAYqSN1LeLsFGWJz1FOZQPyal7dp727ZJTcWaAy8TNSAlkqPftr94gxDEnQmOGlOq6TqS9BElNMSNpoRcrEiE8RkPSNVQgTpSXzG5P4bFRBjAIpSmh4Uz9PZEgrtSE+6aTIz1Si95U/M/rxjq49hIqolgTgeeLgphBHcJpEHBAJcGaTQxBWFJzK8QjJBHWJq6CCcFdfHmZtKoV97JSvb8o1W6yOPLgEByBMnDBFaiBO1AHTYDBE3gGr+DNSq0X6936mLfmrGzmAPyB9fkDqWiS6g==</latexit>

T (r) ⇠ r�1/3
For two boundaries separated by large distance with fixed temperatures,
The equilibrium profile is

1 10 100 1000 104 105 106

0

20

40

60

80

100

r

T(
r)

Equilibrium Temperature profile

5



Temperature profile around a BH
Heating

Radiation can diffuse only up to 
<latexit sha1_base64="MEmH+nBl61SLtjeteLOFwwejFCk="></latexit>
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As the BH heats up progressively faster, the outside 
regions ‘freeze out’. We can calculate the freeze-out
temperature by 

<latexit sha1_base64="uimTXsWf41Mv+pmLSlVPupZERLw="></latexit>✓
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Temperature profile around a BH
Heating

And obtain 

<latexit sha1_base64="tVCmgODzPR9EXtGnpdmF49dqC9o=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdVNnSrEui27cCBV6g3Y6ZNJMG5rMDElGKGFewY2v4saFIm7dufNtTC8Lbf0h8PGfczg5vx8zKpVtf1uZtfWNza3sdm5nd2//IH941JJRIjBp4ohFouMjSRgNSVNRxUgnFgRxn5G2P76Z1tsPREgahQ01iYnL0TCkAcVIGcvLFxtFcQ57knLYCwTC+s7TMUv7unLhOGmqRV9XZ+TlC3bJngmugrOAAlio7uW/eoMIJ5yECjMkZdexY+VqJBTFjKS5XiJJjPAYDUnXYIg4ka6eXZTCM+MMYBAJ80IFZ+7vCY24lBPum06O1Egu16bmf7VuooIrV9MwThQJ8XxRkDCoIjiNBw6oIFixiQGEBTV/hXiETDDKhJgzITjLJ69Cq1xyLkvl+0qhdr2IIwtOwCkoAgdUQQ3cgjpoAgwewTN4BW/Wk/VivVsf89aMtZg5Bn9kff4Ar0ycUQ==</latexit>

T (r) ⇠
M4/11

pl

r7/11
as the temperature profile of the decoupled region. 

After the evaporation is complete, we are left with the decoupled temperature profile.

Calculation the O(1) numbers in the temperature profile requires numerical solution 
of the radiation transport equation.

<latexit sha1_base64="EiAP5SZxppb9zOm+78s71Q7AhsE="></latexit>
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Temperature profile around a BH
Heating

<latexit sha1_base64="qbHPKbmE8TNL0ifhnoIfv8DBqUc="></latexit>

T (r) = 0.236

✓
↵2Gf

g⇤(T )
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<latexit sha1_base64="YYwqApImPJZUZ2Rp7JY3RY7iHJM=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVIhYKxgYSxSX1ITqhvXaa3aSbCdSlXUlYVfYWEAIVb+gI2/wW0zQMuR7tXROffKvidIOFPacb6tldW19Y3NwlZxe2d3b98+OGyqOJWENkjMY9kOQFHOItrQTHPaTiQFEXDaCoY3U781olKxOKrrcUJ9Af2IhYyANlLXxp5ifQEefUjZyAslkMwDngzgvjLJ6qZ17ZJTdmbAy8TNSQnlqHXtL68Xk1TQSBMOSnVcJ9F+BlIzwumk6KWKJkCG0KcdQyMQVPnZ7JIJPjVKD4exNBVpPFN/b2QglBqLwEwK0AO16E3F/7xOqsMrP2NRkmoakflDYcqxjvE0FtxjkhLNx4YAkcz8FZMBmDi0Ca9oQnAXT14mzUrZvShX7s5L1es8jgI6RifoDLnoElXRLaqhBiLoET2jV/RmPVkv1rv1MR9dsfKdI/QH1ucPLhiaow==</latexit>

� ⌘ ↵2

T 2

<latexit sha1_base64="OG9R9EUOGM9SDscFoco4Ub6L66Q=">AAACA3icbVBNS8NAEN3U7/oV9aaXxSJ4KkkR9SIUPeixgq1CW8pmO6mLm2zYnYghFLz4V7x4UMSrf8Kb/8ZtzUGtDwYe780wMy9IpDDoeZ9OaWp6ZnZufqG8uLS8suqurbeMSjWHJldS6auAGZAihiYKlHCVaGBRIOEyuDkZ+Ze3oI1Q8QVmCXQjNohFKDhDK/XczdNeeNRBuMP8VEMWqH5GQ8ZR6WHPrXhVbww6SfyCVEiBRs/96PQVTyOIkUtmTNv3EuzmTKPgEoblTmogYfyGDaBtacwiMN18/MOQ7lilT0OlbcVIx+rPiZxFxmRRYDsjhtfmrzcS//PaKYaH3VzESYoQ8+9FYSopKjoKhPaFBo4ys4RxLeytlF8zbTOwsZVtCP7flydJq1b196u1871K/biIY55skW2yS3xyQOrkjDRIk3ByTx7JM3lxHpwn59V5+24tOcXMBvkF5/0LWCaX/A==</latexit>

Gf = Greybody factor
<latexit sha1_base64="VJzGQ1KIQMumxRYEdI+n7/o+A4Y=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSBEi2U3iNoIoo2lgkmEZFlmJ3fj4OyDmbvBsKS08VdsLBSx9RPs/BsnMYVGDwwczrmXO+eEmRQaXffTmpqemZ2bLy2UF5eWV1bttfWGTnPFoc5TmarrkGmQIoE6CpRwnSlgcSihGd6eDf1mD5QWaXKF/Qz8mHUTEQnO0EiBvdUN9qpXu8dthDssIIqAo+gB7TipEzl6ENgV13FHoH+JNyYVMsZFYH+0OynPY0iQS6Z1y3Mz9AumUHAJg3I715Axfsu60DI0YTFovxgFGdAdo3RolCrzEqQj9edGwWKt+3FoJmOGN3rSG4r/ea0coyO/EEmWIyT8+1CUS4opHbZCO0KZ4LJvCONKmL9SfsMU42i6K5sSvMnIf0mj5ngHTu1yv3JyOq6jRDbJNqkSjxySE3JOLkidcHJPHskzebEerCfr1Xr7Hp2yxjsb5Bes9y868Zja</latexit>

g⇤(T ) = e↵ective d.o.f.s
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Temperature profile around a BH
Cooling
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Temperature profile around a BH
Cooling

We can assume a cooling sphere of radius       with temperature      . Outside this sphere
the temperature maintains its pre-cooling value.

<latexit sha1_base64="jeStubmXUQgscO/NMSuU07XFtrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPqsX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSatW9S6rtfuLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP1CejdM=</latexit>rc
<latexit sha1_base64="0kmC45YzheCsRhQ4mQ0bf6tUoBc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rFiv6ANZbOdtEs3m7C7EUroT/DiQRGv/iJv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77CZXmsWyYSYJ+RIeSh5xRY6XHRt/tl8puxZ2DrBIvJ2XIUe+XvnqDmKURSsME1brruYnxM6oMZwKnxV6qMaFsTIfYtVTSCLWfzU+dknOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCGz/jMkkNSrZYFKaCmJjM/iYDrpAZMbGEMsXtrYSNqKLM2HSKNgRv+eVV0qpWvKtK9eGyXLvN4yjAKZzBBXhwDTW4hzo0gcEQnuEV3hzhvDjvzseidc3JZ07gD5zPH9WPjYI=</latexit>

T0

<latexit sha1_base64="LLQ+qwCAJRw5tshgr9c9l22xGwg=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCINSZUqzLohs3QoXeoNMOmTTThmYuJBmhhHkIN76KGxeKuHXhzrcxnc5CW38IfPznHE7O78WMCmlZ38bK6tr6xmZhq7i9s7u3bx4ctkWUcExaOGIR73pIEEZD0pJUMtKNOUGBx0jHm9zM6p0HwgWNwqacxqQfoFFIfYqR1JZrnjddZaXQETSAjs8RVneuilk6UNUL205TxV08ULWMXbNkla1McBnsHEogV8M1v5xhhJOAhBIzJETPtmLZV4hLihlJi04iSIzwBI1IT2OIAiL6KjsqhafaGUI/4vqFEmbu7wmFAiGmgac7AyTHYrE2M/+r9RLpX/UVDeNEkhDPF/kJgzKCs4TgkHKCJZtqQJhT/VeIx0hHI3WORR2CvXjyMrQrZfuyXLmvlurXeRwFcAxOwBmwQQ3UwS1ogBbA4BE8g1fwZjwZL8a78TFvXTHymSPwR8bnD6rOnfU=</latexit>
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<latexit sha1_base64="Aq7hsTtBofHhhVtMe4oPhUOiSJ0="></latexit>

dE

dt
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<latexit sha1_base64="e1hj6HnS8/HSUEQ/X6GowjYFQBg=">AAACFXicbZDLSgMxFIYz9VbrrerSTbAIClJnitoui27cCBV6g7YOmTRTQzMXkjNCCfMSbnwVNy4UcSu4821MLwut/hD4+M85nJzfiwVXYNtfVmZhcWl5JbuaW1vf2NzKb+80VZRIyho0EpFse0QxwUPWAA6CtWPJSOAJ1vKGl+N6655JxaOwDqOY9QIyCLnPKQFjufnjuqvt9BCOcFfxAHd9Sai+dnUs0ltdOXHO0lTDrS5PyM0X7KI9Ef4LzgwKaKaam//s9iOaBCwEKohSHceOoaeJBE4FS3PdRLGY0CEZsI7BkARM9fTkqhQfGKeP/UiaFwKeuD8nNAmUGgWe6QwI3Kn52tj8r9ZJwK/0NA/jBFhIp4v8RGCI8Dgi3OeSURAjA4RKbv6K6R0xwYAJMmdCcOZP/gvNUtE5L5ZuTgvVi1kcWbSH9tEhclAZVdEVqqEGougBPaEX9Go9Ws/Wm/U+bc1Ys5ld9EvWxzftl54Q</latexit>

T0(t) ⇠
M8/15

pl

t7/15

<latexit sha1_base64="/ahsY3AQ39DP32QVXfjVh9j/uxY="></latexit>

T0(t) = 0.068
⇣
↵6/5g1/3⇤ G2/15

f

⌘ M8/15
pl

t7/15

Cooling is easier to handle numerically.

10



Monopoles from BH
Kibble-Zurek Mechanism

During second order phase transition, the correlation time diverges. As the system passes 
through the transition in finite time, distant points can't keep up with each other. The 
order parameter assumes random values above length scales 

<latexit sha1_base64="UV+fWJH9hdaxOn/gF2hWfe7ofUY="></latexit>

⇠ ⇠ l0

✓
⌧char
⌧0

◆ ⌫
1+µ

⇠ 1

T
(T ⌧char)

1/3

<latexit sha1_base64="mimlil92iUeUoX+uU9bmA+utgOE=">AAACE3icbVBNS8NAEN34WeNX1KOXYBFEsCRF1ItQ9OKxQr+gKWGz3bRLN5uwOxFKyH/w4l/x4kERr168+W/cpj1o64OBx3szzMwLEs4UOM63sbS8srq2XtowN7e2d3atvf2WilNJaJPEPJadACvKmaBNYMBpJ5EURwGn7WB0O/HbD1QqFosGjBPai/BAsJARDFryrVMPcOpnnoxsMsQyvza9UGKSwRn4Wb2R55lHE8V4LHLfKjsVp4C9SNwZKaMZ6r715fVjkkZUAOFYqa7rJNDLsARGOM1NL1U0wWSEB7SrqcARVb2s+Cm3j7XSt8NY6hJgF+rviQxHSo2jQHdGGIZq3puI/3ndFMKrXsZEkgIVZLooTLkNsT0JyO4zSQnwsSaYSKZvLZLBBHSMpg7BnX95kbSqFfeiUr0/L9duZnGU0CE6QifIRZeohu5QHTURQY/oGb2iN+PJeDHejY9p65IxmzlAf2B8/gD7QZ7h</latexit>

⌧char =
t� tPT

✏
<latexit sha1_base64="ZN8yIz+IiW1HPiqDv8E5mafQU40=">AAACCXicbZDLSsNAFIYn9VbrLerSzWAR3FiSIupGKLpxWSG9QBPKZDpph05mwsxEKCFbN76KGxeKuPUN3Pk2TtsstPWHgY//nMOZ84cJo0o7zrdVWlldW98ob1a2tnd29+z9g7YSqcSkhQUTshsiRRjlpKWpZqSbSILikJFOOL6d1jsPRCoquKcnCQliNOQ0ohhpY/Vt6JNEUSb4tR9JhDOvnzW9/MzLC8r7dtWpOTPBZXALqIJCzb795Q8ETmPCNWZIqZ7rJDrIkNQUM5JX/FSRBOExGpKeQY5iooJsdkkOT4wzgJGQ5nENZ+7viQzFSk3i0HTGSI/UYm1q/lfrpTq6CjLKk1QTjueLopRBLeA0FjigkmDNJgYQltT8FeIRMoloE17FhOAunrwM7XrNvajV78+rjZsijjI4AsfgFLjgEjTAHWiCFsDgETyDV/BmPVkv1rv1MW8tWcXMIfgj6/MHBaqajA==</latexit>

✏ =
TPT � T

TPT
In a region of size R, number of monopoles is given by 

<latexit sha1_base64="pbMmw8ro3vwAqG49coFY1mljb14=">AAACAXicbVC7TsMwFHV4lvIKsCCxWFRITFVSEDBWsDChguhDakLkuE5r1XYi20FUUVn4FRYGEGLlL9j4G9w2A7Qc6eoenXOv7HvChFGlHefbmptfWFxaLqwUV9fWNzbtre2GilOJSR3HLJatECnCqCB1TTUjrUQSxENGmmH/YuQ374lUNBa3epAQn6OuoBHFSBspsHevAu4pyr1IIpzd3B0NM++BmhbYJafsjAFniZuTEshRC+wvrxPjlBOhMUNKtV0n0X6GpKaYkWHRSxVJEO6jLmkbKhAnys/GFwzhgVE6MIqlKaHhWP29kSGu1ICHZpIj3VPT3kj8z2unOjrzMyqSVBOBJw9FKYM6hqM4YIdKgjUbGIKwpOavEPeQyUKb0IomBHf65FnSqJTdk3Ll+rhUPc/jKIA9sA8OgQtOQRVcghqoAwwewTN4BW/Wk/VivVsfk9E5K9/ZAX9gff4Ak9WW+g==</latexit>

Nm ⇠ R3

⇠3 T. W. B. Kibble, J. Phys. A: Math. Gen. 9 (8): 1387–1398
W. H. Zurec Nature. 317 (6037): 505–508.
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Monopoles from BH
Monopoles from BH

<latexit sha1_base64="zS0iWAxTvgci7FkfhZEYvy1+2Aw="></latexit>

Nm ⇠ R3
PT

⇠3
⇠

✓
Mpl

TPT

◆4/7

<latexit sha1_base64="LMGDxk3kUzszDllgXvRPiWF9l1I="></latexit>

Nm = 0.117

✓
Gf

↵12g8⇤

◆1/7 ✓Mpl

TPT

◆4/7

<latexit sha1_base64="GaYGnZs0tdMrTP8eWigWaSmeDTg=">AAACF3icbVDLSgMxFM34rPVVdekmWARXdaYU67Loxo1QpS/oY8ikmTY0kxmSjFDC/IUbf8WNC0Xc6s6/MTPtQlsPXDg5515y7/EiRqWy7W9rZXVtfWMzt5Xf3tnd2y8cHLZkGAtMmjhkoeh4SBJGOWkqqhjpRIKgwGOk7U2uU7/9QISkIW+oaUT6ARpx6lOMlJHcQune1fVGAnuSBrDnC4T1rasjlgx05byaJLqR+QPtOOnTLRTtkp0BLhNnTopgjrpb+OoNQxwHhCvMkJRdx45UXyOhKGYkyfdiSSKEJ2hEuoZyFBDZ19ldCTw1yhD6oTDFFczU3xMaBVJOA890BkiN5aKXiv953Vj5l31NeRQrwvHsIz9mUIUwDQkOqSBYsakhCAtqdoV4jEw4ykSZNyE4iycvk1a55FyUyneVYu1qHkcOHIMTcAYcUAU1cAPqoAkweATP4BW8WU/Wi/VufcxaV6z5zBH4A+vzB2qnn3U=</latexit>

RPT ⇠
M4/7

pl

T 11/7
PT

<latexit sha1_base64="fmJkHZj9EjHzIz4Bqhb1xwfbxaw=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qjNFbZdFN26ECn1Bpw6ZNNOGJjNDkhFKmE9x46+4caGI7vRrzLRdaOuBwLnn3MvNPX7MqFS2/WXlVlbX1jfym4Wt7Z3dveL+QVtGicCkhSMWia6PJGE0JC1FFSPdWBDEfUY6/vg68zsPREgahU01iUmfo2FIA4qRMpJXrLoKJZ52BYd4hEQKXUk5dAOBsL71dMzSe107q6apbnq60TSVc5GVXrFkl+0p4DJx5qQE5mh4xU93EOGEk1BhhqTsOXas+hoJRTEjacFNJIkRHqMh6RkaIk5kX08PTOGJUQYwiIR5oYJT9feERlzKCfdNJ0dqJBe9TPzP6yUqqPU1DeNEkRDPFgUJgyqCWVpwQAXBik0MQVhQ89dpTAgrk2nBhOAsnrxM2pWyc1mu3J2X6lfzOPLgCByDU+CAKqiDG9AALYDBI3gGr+DNerJerHfrY9aas+Yzh+APrO8fCuWjgA==</latexit>

⌧char ⇠
M8/7

pl

T 15/7
PT

For an evaporating Black hole
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Bounds on Reheating from BH

<latexit sha1_base64="G9sjXMUsokgcmslUj31lzC4RA48="></latexit>

TRH . 80GeV

✓
1016 GeV

TPT

◆9/35
<latexit sha1_base64="Wq8UzkkMt5zeKH7y7O/BuB9+o1o=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4WnaraC9C0YMeK9gPaJeSTbNtaDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5ScaeN5387K6tr6xmZhq7i9s7u3Xzo4bOokVYQ2SMIT1Q6xppwJ2jDMcNqWiuI45LQVjm6nfuuJKs0S8WjGkgYxHggWMYKNlVp3vej63K32SmXP9WZAy8TPSRly1Hulr24/IWlMhSEca93xPWmCDCvDCKeTYjfVVGIywgPasVTgmOogm507QadW6aMoUbaEQTP190SGY63HcWg7Y2yGetGbiv95ndRE1SBjQqaGCjJfFKUcmQRNf0d9pigxfGwJJorZWxEZYoWJsQkVbQj+4svLpFlx/Uu38nBRrt3kcRTgGE7gDHy4ghrcQx0aQGAEz/AKb450Xpx352PeuuLkM0fwB87nD/E2jqk=</latexit>

Gf = 3.8
<latexit sha1_base64="hzuEnGJA2UgjGqZ0qnsd4rdLpLA=">AAAB+HicbVBNS8NAEJ34WetHox69LBaheihJEe1FKHrxWKFf0Iaw2W7bpZtN2N0INfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHMmdKO822trW9sbm3ndvK7e/sHBfvwqKWiRBLaJBGPZCfAinImaFMzzWknlhSHAaftYHw389uPVCoWiYaexNQL8VCwASNYG8m3C0P/otTw03pjen7jOlXfLjplZw60StyMFCFD3be/ev2IJCEVmnCsVNd1Yu2lWGpGOJ3me4miMSZjPKRdQwUOqfLS+eFTdGaUPhpE0pTQaK7+nkhxqNQkDExniPVILXsz8T+vm+hB1UuZiBNNBVksGiQc6QjNUkB9JinRfGIIJpKZWxEZYYmJNlnlTQju8surpFUpu1flysNlsXabxZGDEziFErhwDTW4hzo0gUACz/AKb9aT9WK9Wx+L1jUrmzmGP7A+fwB7x5Gu</latexit>

g⇤(TPT ) = 108
<latexit sha1_base64="bLPlI4VAi+JlIfUft0+2oBzSK3s=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaT42ghFNy4r2Ac0odxMJ+3QySTMTIQQ6q+4caGIWz/EnX/jtM1CWw9cOJxzL/feEyScKe0439bK6tr6xmZpq7y9s7u3bx8ctlWcSkJbJOax7AagKGeCtjTTnHYTSSEKOO0E49up33mkUrFYPOgsoX4EQ8FCRkAbqW9XPODJCK69UALJ3UleP5/07apTc2bAy8QtSBUVaPbtL28QkzSiQhMOSvVcJ9F+DlIzwumk7KWKJkDGMKQ9QwVEVPn57PgJPjHKAIexNCU0nqm/J3KIlMqiwHRGoEdq0ZuK/3m9VIdXfs5EkmoqyHxRmHKsYzxNAg+YpETzzBAgkplbMRmBiUGbvMomBHfx5WXSrtfci1r9/qzauCniKKEjdIxOkYsuUQPdoSZqIYIy9Ixe0Zv1ZL1Y79bHvHXFKmYq6A+szx9REpSP</latexit>

↵ =
1

25

<latexit sha1_base64="Kxr7T2VOR7ZpS0s5D2Xp9Y7SjEA="></latexit>

H
2 ⇠ T

4
RH

M
2
pl

⇠ 1

t
2
BH

⇠
M

8
pl

M
6
BH

<latexit sha1_base64="X9Y37IOXRd1KxOdyW5N5X5F0lsw="></latexit>

=) ⌘BH =
nBH

n�

⇠ (TRH/Mpl)
5/3

In BH dominated reheating

<latexit sha1_base64="kAEx6q3330o3DCg2SrlKeyPOgs0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkSHVZ4qYbpYJ90YYwmU7aoTNJnJkIJdSNv+LGhSJu/Qt3/o3TNgttPXDhcM693HuPHzMqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oyigRmDRwxCLR9pEkjIakoahipB0LgrjPSMsfXU391gMRkkbhnRrHxOVoENKAYqS05JlH1x6/8XjHS53apMfIPaxwz+l4jmcWrZI1A1wmdkaKIEPdM796/QgnnIQKMyRl17Zi5aZIKIoZmRR6iSQxwiM0IF1NQ8SJdNPZBxN4qpU+DCKhK1Rwpv6eSBGXcsx93cmRGspFbyr+53UTFVy6KQ3jRJEQzxcFCYMqgtM4YJ8KghUba4KwoPpWiIdIIKx0aAUdgr348jJplkt2pVS+PS9WnSyOPDgGJ+AM2OACVEEN1EEDYPAInsEreDOejBfj3fiYt+aMbOYQ/IHx+QMh5JYL</latexit>

MmNmYBH  6mBYB

Comparing energy density in the monopoles to the same of dark matter 
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Summary

ØBlack hole evaporation in the early universe can heat up surrounding 
plasma that can have larger effect than the BH itself, e.g. in producing 
topological defects (monopoles)

ØIn the BH dominated reheat, the produced monopoles can overclose 
the universe which restricts 

ØIt would be fun to apply this mechanism to other scenarios

<latexit sha1_base64="DPH6fE2jpqsC5mgY7AposlWHZNo=">AAACC3icbVDJSgNBEO2JW4xb1KOXJkHwIGEmiHoMejDHKNkgE0JPp5I06VnorhHDkLsXf8WLB0W8+gPe/Bs7y0ETHxQ83quiqp4XSaHRtr+t1Mrq2vpGejOztb2zu5fdP6jrMFYcajyUoWp6TIMUAdRQoIRmpID5noSGN7ye+I17UFqEQRVHEbR91g9ET3CGRupkc9VOclceU1eC1lr41LFt6p5SF+EBkxuoj2knm7cL9hR0mThzkidzVDrZL7cb8tiHALlkWrccO8J2whQKLmGccWMNEeND1oeWoQHzQbeT6S9jemyULu2FylSAdKr+nkiYr/XI90ynz3CgF72J+J/XirF32U5EEMUIAZ8t6sWSYkgnwdCuUMBRjgxhXAlzK+UDphhHE1/GhOAsvrxM6sWCc14o3p7lS1fzONLkiOTICXHIBSmRMqmQGuHkkTyTV/JmPVkv1rv1MWtNWfOZQ/IH1ucPkGiZew==</latexit>

TRH . 100GeV
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Thank you
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