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 Introduction: EWBG in SM



Baryon number asymmetry
Why is there something rather than nothing?

To let there be baryon number, the Universe must fulfill…
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Baryon number asymmetry
Why is there something rather than nothing?

To let there be baryon number, the Universe must fulfill…

Then, what is the possible baryogenesis scenario in the SM?

Sakharov conditions
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Suppose EWPT is a 1st-order PT…

Sphaleron: ON Sphaleron: OFF
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Sphaleron: ON Sphaleron: OFF

net #B = 0 =<latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit><latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit><latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit><latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit>
#B

<latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit>

#B
<latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit> Bu

bb
le 

w
all

CP
#B in equi.

#B out-of-equi.



Baryogenesis in the SM Kuzmin Rubakov Shaposhnikov 
                     PLB155 (1985) 36

Suppose EWPT is a 1st-order PT…

Sphaleron: ON Sphaleron: OFF

net #B = 0 #B frozen out
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Suppose EWPT is a 1st-order PT…
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The SM is the ultimate theory of everything.

The End(c) CERN



Baryogenesis in the SM
Suppose EWPT is a 1st-order PT…

Sphaleron: ON Sphaleron: OFFCP

net #B = 0 #B frozen out
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#B in equi.

#B out-of-equi.
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<latexit sha1_base64="Pbo8e+TVOoYsqgsLDBL42zz0eF4=">AAAD6HichVJLaxRBEK7N+IjjIxu9CF4GdyMeZOkNgkYQgoKIICRZ1wR21mUevbPNzoue3tU4zB/w5imIJwMexJ8hgn/AQ36C5JiIFw9W145ZYkjspl9f1fdVV3W7aSgyxdhOZcY4dfrM2dlz5vkLFy/NVecvP8+SkfR420vCRG64TsZDEfO2EirkG6nkTuSGfN0dPtT29TGXmUjiZ2oz5d3ICWLRF56jEOpVe7bir1Tuc1WYds </latexit><latexit sha1_base64="Pbo8e+TVOoYsqgsLDBL42zz0eF4=">AAAD6HichVJLaxRBEK7N+IjjIxu9CF4GdyMeZOkNgkYQgoKIICRZ1wR21mUevbPNzoue3tU4zB/w5imIJwMexJ8hgn/AQ36C5JiIFw9W145ZYkjspl9f1fdVV3W7aSgyxdhOZcY4dfrM2dlz5vkLFy/NVecvP8+SkfR420vCRG64TsZDEfO2EirkG6nkTuSGfN0dPtT29TGXmUjiZ2oz5d3ICWLRF56jEOpVe7bir1Tuc1WYds </latexit><latexit sha1_base64="Pbo8e+TVOoYsqgsLDBL42zz0eF4=">AAAD6HichVJLaxRBEK7N+IjjIxu9CF4GdyMeZOkNgkYQgoKIICRZ1wR21mUevbPNzoue3tU4zB/w5imIJwMexJ8hgn/AQ36C5JiIFw9W145ZYkjspl9f1fdVV3W7aSgyxdhOZcY4dfrM2dlz5vkLFy/NVecvP8+SkfR420vCRG64TsZDEfO2EirkG6nkTuSGfN0dPtT29TGXmUjiZ2oz5d3ICWLRF56jEOpVe7bir1Tuc1WYds </latexit><latexit sha1_base64="Pbo8e+TVOoYsqgsLDBL42zz0eF4=">AAAD6HichVJLaxRBEK7N+IjjIxu9CF4GdyMeZOkNgkYQgoKIICRZ1wR21mUevbPNzoue3tU4zB/w5imIJwMexJ8hgn/AQ36C5JiIFw9W145ZYkjspl9f1fdVV3W7aSgyxdhOZcY4dfrM2dlz5vkLFy/NVecvP8+SkfR420vCRG64TsZDEfO2EirkG6nkTuSGfN0dPtT29TGXmUjiZ2oz5d3ICWLRF56jEOpVe7bir1Tuc1WYds </latexit>

Fq ⌘ (m2
q3 �m2

q2)(m
2
q3 �m2

q1)(m
2
q2 �m2

q1)
<latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE=">AAAD93ichVJLbtRAEC3HAYL5ZAIbJDYWM0Fhwag9IEFYRSAhlkmGIZEyg2U7nUwr/sU/lFi+ABdgwQaQQCBWnIENB4BFjoBYBgkJseC5bTJKogndarvrvXpVXdVth66IE8b2lAl18tTpM1NntXPnL1ycbsxcehIHaeTwnhO4QbRqWzF3hc97iUhcvhpG3PJsl6/YWw9KfiXjUSwC/3GyE/KBZ236YkM4VgLIbPgPzXy70Pp8Ox WZNufBMvNbRfE07xT6Tb2yO5V9YxxvHOE743jNbDRZm8mhH98Y9aZJ9VgMZpR56tM6BeRQSh5x8inB3iWLYsw1MohRCGxAObAIOyF5TgVp0Kbw4vCwgG7huwlrrUZ92GXMWKodZHGxIih1mmXf2Ae2z76wj+w7+zM2Vi5jlGfZwd+utDw0p59f6f76r8rDP6HhSHWC4p9vBHYDS2oO0Bi+0YkVJ1DdlZUKVB5KpOyBU0XKdl/sd+8tz+bX2Rv2A9W/ZnvsM+r3s5/O2yW+/FJGj6SG0zPZL0/m93FDObgMeBmtvJWBRGzZ0/WD7pRWLplRNR6yN6Eo5NRklnEZuvXNDw9lCTAtMAK1+hIZolYBpIXY5fsRsg8pqtaBjfi+7Fq5WvIMrfIMeKXG0Td5fNPrtOfbxtLt5sL9+rlO0VW6RnMIc4cW6BEtUg+hv9JvRVUm1V31lfpOfV+5Tii15jIdGuqnv0xJ6Y8=</latexit><latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE=">AAAD93ichVJLbtRAEC3HAYL5ZAIbJDYWM0Fhwag9IEFYRSAhlkmGIZEyg2U7nUwr/sU/lFi+ABdgwQaQQCBWnIENB4BFjoBYBgkJseC5bTJKogndarvrvXpVXdVth66IE8b2lAl18tTpM1NntXPnL1ycbsxcehIHaeTwnhO4QbRqWzF3hc97iUhcvhpG3PJsl6/YWw9KfiXjUSwC/3GyE/KBZ236YkM4VgLIbPgPzXy70Pp8Ox WZNufBMvNbRfE07xT6Tb2yO5V9YxxvHOE743jNbDRZm8mhH98Y9aZJ9VgMZpR56tM6BeRQSh5x8inB3iWLYsw1MohRCGxAObAIOyF5TgVp0Kbw4vCwgG7huwlrrUZ92GXMWKodZHGxIih1mmXf2Ae2z76wj+w7+zM2Vi5jlGfZwd+utDw0p59f6f76r8rDP6HhSHWC4p9vBHYDS2oO0Bi+0YkVJ1DdlZUKVB5KpOyBU0XKdl/sd+8tz+bX2Rv2A9W/ZnvsM+r3s5/O2yW+/FJGj6SG0zPZL0/m93FDObgMeBmtvJWBRGzZ0/WD7pRWLplRNR6yN6Eo5NRklnEZuvXNDw9lCTAtMAK1+hIZolYBpIXY5fsRsg8pqtaBjfi+7Fq5WvIMrfIMeKXG0Td5fNPrtOfbxtLt5sL9+rlO0VW6RnMIc4cW6BEtUg+hv9JvRVUm1V31lfpOfV+5Tii15jIdGuqnv0xJ6Y8=</latexit><latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE=">AAAD93ichVJLbtRAEC3HAYL5ZAIbJDYWM0Fhwag9IEFYRSAhlkmGIZEyg2U7nUwr/sU/lFi+ABdgwQaQQCBWnIENB4BFjoBYBgkJseC5bTJKogndarvrvXpVXdVth66IE8b2lAl18tTpM1NntXPnL1ycbsxcehIHaeTwnhO4QbRqWzF3hc97iUhcvhpG3PJsl6/YWw9KfiXjUSwC/3GyE/KBZ236YkM4VgLIbPgPzXy70Pp8Ox WZNufBMvNbRfE07xT6Tb2yO5V9YxxvHOE743jNbDRZm8mhH98Y9aZJ9VgMZpR56tM6BeRQSh5x8inB3iWLYsw1MohRCGxAObAIOyF5TgVp0Kbw4vCwgG7huwlrrUZ92GXMWKodZHGxIih1mmXf2Ae2z76wj+w7+zM2Vi5jlGfZwd+utDw0p59f6f76r8rDP6HhSHWC4p9vBHYDS2oO0Bi+0YkVJ1DdlZUKVB5KpOyBU0XKdl/sd+8tz+bX2Rv2A9W/ZnvsM+r3s5/O2yW+/FJGj6SG0zPZL0/m93FDObgMeBmtvJWBRGzZ0/WD7pRWLplRNR6yN6Eo5NRklnEZuvXNDw9lCTAtMAK1+hIZolYBpIXY5fsRsg8pqtaBjfi+7Fq5WvIMrfIMeKXG0Td5fNPrtOfbxtLt5sL9+rlO0VW6RnMIc4cW6BEtUg+hv9JvRVUm1V31lfpOfV+5Tii15jIdGuqnv0xJ6Y8=</latexit><latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE=">AAAD93ichVJLbtRAEC3HAYL5ZAIbJDYWM0Fhwag9IEFYRSAhlkmGIZEyg2U7nUwr/sU/lFi+ABdgwQaQQCBWnIENB4BFjoBYBgkJseC5bTJKogndarvrvXpVXdVth66IE8b2lAl18tTpM1NntXPnL1ycbsxcehIHaeTwnhO4QbRqWzF3hc97iUhcvhpG3PJsl6/YWw9KfiXjUSwC/3GyE/KBZ236YkM4VgLIbPgPzXy70Pp8Ox WZNufBMvNbRfE07xT6Tb2yO5V9YxxvHOE743jNbDRZm8mhH98Y9aZJ9VgMZpR56tM6BeRQSh5x8inB3iWLYsw1MohRCGxAObAIOyF5TgVp0Kbw4vCwgG7huwlrrUZ92GXMWKodZHGxIih1mmXf2Ae2z76wj+w7+zM2Vi5jlGfZwd+utDw0p59f6f76r8rDP6HhSHWC4p9vBHYDS2oO0Bi+0YkVJ1DdlZUKVB5KpOyBU0XKdl/sd+8tz+bX2Rv2A9W/ZnvsM+r3s5/O2yW+/FJGj6SG0zPZL0/m93FDObgMeBmtvJWBRGzZ0/WD7pRWLplRNR6yN6Eo5NRklnEZuvXNDw9lCTAtMAK1+hIZolYBpIXY5fsRsg8pqtaBjfi+7Fq5WvIMrfIMeKXG0Td5fNPrtOfbxtLt5sL9+rlO0VW6RnMIc4cW6BEtUg+hv9JvRVUm1V31lfpOfV+5Tii15jIdGuqnv0xJ6Y8=</latexit>

CPV effect must be proportional to 

J = c12s12c23s23c
2
13s13s�

<latexit sha1_base64="0l7G9xD6uoEp81XQK2Wp9Zss5HE="></latexit><latexit sha1_base64="0l7G9xD6uoEp81XQK2Wp9Zss5HE="></latexit><latexit sha1_base64="0l7G9xD6uoEp81XQK2Wp9Zss5HE="></latexit><latexit sha1_base64="0l7G9xD6uoEp81XQK2Wp9Zss5HE="></latexit>
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Suppose EWPT is a 1st-order PT…

Sphaleron: ON Sphaleron: OFF

net #B = 0 #B frozen out
⌘B

<latexit sha1_base64="a2857l7WkrW+riHHPpCWZIbw3f4="></latexit><latexit sha1_base64="a2857l7WkrW+riHHPpCWZIbw3f4="></latexit><latexit sha1_base64="a2857l7WkrW+riHHPpCWZIbw3f4="></latexit><latexit sha1_base64="a2857l7WkrW+riHHPpCWZIbw3f4="></latexit>

today
=<latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit><latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit><latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit><latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit>

#B
<latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit>

#B
<latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit>

6= <latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit><latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit><latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit><latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit>

#B
<latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit>

#B
<latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit>Bu
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<latexit sha1_base64="Pbo8e+TVOoYsqgsLDBL42zz0eF4=">AAAD6HichVJLaxRBEK7N+IjjIxu9CF4GdyMeZOkNgkYQgoKIICRZ1wR21mUevbPNzoue3tU4zB/w5imIJwMexJ8hgn/AQ36C5JiIFw9W145ZYkjspl9f1fdVV3W7aSgyxdhOZcY4dfrM2dlz5vkLFy/NVecvP8+SkfR420vCRG64TsZDEfO2EirkG6nkTuSGfN0dPtT29TGXmUjiZ2oz5d3ICWLRF56jEOpVe7bir1Tuc1WYds </latexit><latexit sha1_base64="Pbo8e+TVOoYsqgsLDBL42zz0eF4=">AAAD6HichVJLaxRBEK7N+IjjIxu9CF4GdyMeZOkNgkYQgoKIICRZ1wR21mUevbPNzoue3tU4zB/w5imIJwMexJ8hgn/AQ36C5JiIFw9W145ZYkjspl9f1fdVV3W7aSgyxdhOZcY4dfrM2dlz5vkLFy/NVecvP8+SkfR420vCRG64TsZDEfO2EirkG6nkTuSGfN0dPtT29TGXmUjiZ2oz5d3ICWLRF56jEOpVe7bir1Tuc1WYds </latexit><latexit sha1_base64="Pbo8e+TVOoYsqgsLDBL42zz0eF4=">AAAD6HichVJLaxRBEK7N+IjjIxu9CF4GdyMeZOkNgkYQgoKIICRZ1wR21mUevbPNzoue3tU4zB/w5imIJwMexJ8hgn/AQ36C5JiIFw9W145ZYkjspl9f1fdVV3W7aSgyxdhOZcY4dfrM2dlz5vkLFy/NVecvP8+SkfR420vCRG64TsZDEfO2EirkG6nkTuSGfN0dPtT29TGXmUjiZ2oz5d3ICWLRF56jEOpVe7bir1Tuc1WYds </latexit><latexit sha1_base64="Pbo8e+TVOoYsqgsLDBL42zz0eF4=">AAAD6HichVJLaxRBEK7N+IjjIxu9CF4GdyMeZOkNgkYQgoKIICRZ1wR21mUevbPNzoue3tU4zB/w5imIJwMexJ8hgn/AQ36C5JiIFw9W145ZYkjspl9f1fdVV3W7aSgyxdhOZcY4dfrM2dlz5vkLFy/NVecvP8+SkfR420vCRG64TsZDEfO2EirkG6nkTuSGfN0dPtT29TGXmUjiZ2oz5d3ICWLRF56jEOpVe7bir1Tuc1WYds </latexit>
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<latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE=">AAAD93ichVJLbtRAEC3HAYL5ZAIbJDYWM0Fhwag9IEFYRSAhlkmGIZEyg2U7nUwr/sU/lFi+ABdgwQaQQCBWnIENB4BFjoBYBgkJseC5bTJKogndarvrvXpVXdVth66IE8b2lAl18tTpM1NntXPnL1ycbsxcehIHaeTwnhO4QbRqWzF3hc97iUhcvhpG3PJsl6/YWw9KfiXjUSwC/3GyE/KBZ236YkM4VgLIbPgPzXy70Pp8Ox WZNufBMvNbRfE07xT6Tb2yO5V9YxxvHOE743jNbDRZm8mhH98Y9aZJ9VgMZpR56tM6BeRQSh5x8inB3iWLYsw1MohRCGxAObAIOyF5TgVp0Kbw4vCwgG7huwlrrUZ92GXMWKodZHGxIih1mmXf2Ae2z76wj+w7+zM2Vi5jlGfZwd+utDw0p59f6f76r8rDP6HhSHWC4p9vBHYDS2oO0Bi+0YkVJ1DdlZUKVB5KpOyBU0XKdl/sd+8tz+bX2Rv2A9W/ZnvsM+r3s5/O2yW+/FJGj6SG0zPZL0/m93FDObgMeBmtvJWBRGzZ0/WD7pRWLplRNR6yN6Eo5NRklnEZuvXNDw9lCTAtMAK1+hIZolYBpIXY5fsRsg8pqtaBjfi+7Fq5WvIMrfIMeKXG0Td5fNPrtOfbxtLt5sL9+rlO0VW6RnMIc4cW6BEtUg+hv9JvRVUm1V31lfpOfV+5Tii15jIdGuqnv0xJ6Y8=</latexit><latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE=">AAAD93ichVJLbtRAEC3HAYL5ZAIbJDYWM0Fhwag9IEFYRSAhlkmGIZEyg2U7nUwr/sU/lFi+ABdgwQaQQCBWnIENB4BFjoBYBgkJseC5bTJKogndarvrvXpVXdVth66IE8b2lAl18tTpM1NntXPnL1ycbsxcehIHaeTwnhO4QbRqWzF3hc97iUhcvhpG3PJsl6/YWw9KfiXjUSwC/3GyE/KBZ236YkM4VgLIbPgPzXy70Pp8Ox WZNufBMvNbRfE07xT6Tb2yO5V9YxxvHOE743jNbDRZm8mhH98Y9aZJ9VgMZpR56tM6BeRQSh5x8inB3iWLYsw1MohRCGxAObAIOyF5TgVp0Kbw4vCwgG7huwlrrUZ92GXMWKodZHGxIih1mmXf2Ae2z76wj+w7+zM2Vi5jlGfZwd+utDw0p59f6f76r8rDP6HhSHWC4p9vBHYDS2oO0Bi+0YkVJ1DdlZUKVB5KpOyBU0XKdl/sd+8tz+bX2Rv2A9W/ZnvsM+r3s5/O2yW+/FJGj6SG0zPZL0/m93FDObgMeBmtvJWBRGzZ0/WD7pRWLplRNR6yN6Eo5NRklnEZuvXNDw9lCTAtMAK1+hIZolYBpIXY5fsRsg8pqtaBjfi+7Fq5WvIMrfIMeKXG0Td5fNPrtOfbxtLt5sL9+rlO0VW6RnMIc4cW6BEtUg+hv9JvRVUm1V31lfpOfV+5Tii15jIdGuqnv0xJ6Y8=</latexit><latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE=">AAAD93ichVJLbtRAEC3HAYL5ZAIbJDYWM0Fhwag9IEFYRSAhlkmGIZEyg2U7nUwr/sU/lFi+ABdgwQaQQCBWnIENB4BFjoBYBgkJseC5bTJKogndarvrvXpVXdVth66IE8b2lAl18tTpM1NntXPnL1ycbsxcehIHaeTwnhO4QbRqWzF3hc97iUhcvhpG3PJsl6/YWw9KfiXjUSwC/3GyE/KBZ236YkM4VgLIbPgPzXy70Pp8Ox WZNufBMvNbRfE07xT6Tb2yO5V9YxxvHOE743jNbDRZm8mhH98Y9aZJ9VgMZpR56tM6BeRQSh5x8inB3iWLYsw1MohRCGxAObAIOyF5TgVp0Kbw4vCwgG7huwlrrUZ92GXMWKodZHGxIih1mmXf2Ae2z76wj+w7+zM2Vi5jlGfZwd+utDw0p59f6f76r8rDP6HhSHWC4p9vBHYDS2oO0Bi+0YkVJ1DdlZUKVB5KpOyBU0XKdl/sd+8tz+bX2Rv2A9W/ZnvsM+r3s5/O2yW+/FJGj6SG0zPZL0/m93FDObgMeBmtvJWBRGzZ0/WD7pRWLplRNR6yN6Eo5NRklnEZuvXNDw9lCTAtMAK1+hIZolYBpIXY5fsRsg8pqtaBjfi+7Fq5WvIMrfIMeKXG0Td5fNPrtOfbxtLt5sL9+rlO0VW6RnMIc4cW6BEtUg+hv9JvRVUm1V31lfpOfV+5Tii15jIdGuqnv0xJ6Y8=</latexit><latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE=">AAAD93ichVJLbtRAEC3HAYL5ZAIbJDYWM0Fhwag9IEFYRSAhlkmGIZEyg2U7nUwr/sU/lFi+ABdgwQaQQCBWnIENB4BFjoBYBgkJseC5bTJKogndarvrvXpVXdVth66IE8b2lAl18tTpM1NntXPnL1ycbsxcehIHaeTwnhO4QbRqWzF3hc97iUhcvhpG3PJsl6/YWw9KfiXjUSwC/3GyE/KBZ236YkM4VgLIbPgPzXy70Pp8Ox WZNufBMvNbRfE07xT6Tb2yO5V9YxxvHOE743jNbDRZm8mhH98Y9aZJ9VgMZpR56tM6BeRQSh5x8inB3iWLYsw1MohRCGxAObAIOyF5TgVp0Kbw4vCwgG7huwlrrUZ92GXMWKodZHGxIih1mmXf2Ae2z76wj+w7+zM2Vi5jlGfZwd+utDw0p59f6f76r8rDP6HhSHWC4p9vBHYDS2oO0Bi+0YkVJ1DdlZUKVB5KpOyBU0XKdl/sd+8tz+bX2Rv2A9W/ZnvsM+r3s5/O2yW+/FJGj6SG0zPZL0/m93FDObgMeBmtvJWBRGzZ0/WD7pRWLplRNR6yN6Eo5NRklnEZuvXNDw9lCTAtMAK1+hIZolYBpIXY5fsRsg8pqtaBjfi+7Fq5WvIMrfIMeKXG0Td5fNPrtOfbxtLt5sL9+rlO0VW6RnMIc4cW6BEtUg+hv9JvRVUm1V31lfpOfV+5Tii15jIdGuqnv0xJ6Y8=</latexit>

CPV effect must be proportional to 

J = c12s12c23s23c
2
13s13s�

<latexit sha1_base64="0l7G9xD6uoEp81XQK2Wp9Zss5HE="></latexit><latexit sha1_base64="0l7G9xD6uoEp81XQK2Wp9Zss5HE="></latexit><latexit sha1_base64="0l7G9xD6uoEp81XQK2Wp9Zss5HE="></latexit><latexit sha1_base64="0l7G9xD6uoEp81XQK2Wp9Zss5HE="></latexit>

Csikor et al. 980929, & more

MH/MW
<latexit sha1_base64="pGao8HVweY/Z+BK09ao5yclKpUI="></latexit><latexit sha1_base64="pGao8HVweY/Z+BK09ao5yclKpUI="></latexit><latexit sha1_base64="pGao8HVweY/Z+BK09ao5yclKpUI="></latexit><latexit sha1_base64="pGao8HVweY/Z+BK09ao5yclKpUI="></latexit>

T
c
/M

H
<latexit sha1_base64="xvmkID/xw6GrSVG77ZXmrZStnr8="></latexit><latexit sha1_base64="xvmkID/xw6GrSVG77ZXmrZStnr8="></latexit><latexit sha1_base64="xvmkID/xw6GrSVG77ZXmrZStnr8="></latexit><latexit sha1_base64="xvmkID/xw6GrSVG77ZXmrZStnr8="></latexit>

Gavela et al. 9312215 Huet Sather 9404302

Kuzmin Rubakov Shaposhnikov 
                     PLB155 (1985) 36

Jarlskog PRL55 (1985) 1039

Suppose EWPT is a 1st-order PT…

Sphaleron: ON Sphaleron: OFF

net #B = 0 #B frozen out
⌘B

<latexit sha1_base64="a2857l7WkrW+riHHPpCWZIbw3f4="></latexit><latexit sha1_base64="a2857l7WkrW+riHHPpCWZIbw3f4="></latexit><latexit sha1_base64="a2857l7WkrW+riHHPpCWZIbw3f4="></latexit><latexit sha1_base64="a2857l7WkrW+riHHPpCWZIbw3f4="></latexit>

today
=<latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit><latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit><latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit><latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit>

#B
<latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit>

#B
<latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit>

6= <latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit><latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit><latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit><latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit>

#B
<latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit>

#B
<latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit>Bu

bb
le 

w
all

Sounds so natural that it should work, but…

Far too sm
all

MH ⇠ 0.8MW
<latexit sha1_base64="xJkAynMDokF6A5gjvbc1DnRr4ag="></latexit><latexit sha1_base64="xJkAynMDokF6A5gjvbc1DnRr4ag="></latexit><latexit sha1_base64="xJkAynMDokF6A5gjvbc1DnRr4ag="></latexit><latexit sha1_base64="xJkAynMDokF6A5gjvbc1DnRr4ag="></latexit>

CP
#B in equi.

#B out-of-equi.



Baryogenesis in the SM

det
h
MuM

†
u,MdM

†
d

i
= 2iFuFdJ

<latexit sha1_base64="Pbo8e+TVOoYsqgsLDBL42zz0eF4=">AAAD6HichVJLaxRBEK7N+IjjIxu9CF4GdyMeZOkNgkYQgoKIICRZ1wR21mUevbPNzoue3tU4zB/w5imIJwMexJ8hgn/AQ36C5JiIFw9W145ZYkjspl9f1fdVV3W7aSgyxdhOZcY4dfrM2dlz5vkLFy/NVecvP8+SkfR420vCRG64TsZDEfO2EirkG6nkTuSGfN0dPtT29TGXmUjiZ2oz5d3ICWLRF56jEOpVe7bir1Tuc1WYds </latexit><latexit sha1_base64="Pbo8e+TVOoYsqgsLDBL42zz0eF4=">AAAD6HichVJLaxRBEK7N+IjjIxu9CF4GdyMeZOkNgkYQgoKIICRZ1wR21mUevbPNzoue3tU4zB/w5imIJwMexJ8hgn/AQ36C5JiIFw9W145ZYkjspl9f1fdVV3W7aSgyxdhOZcY4dfrM2dlz5vkLFy/NVecvP8+SkfR420vCRG64TsZDEfO2EirkG6nkTuSGfN0dPtT29TGXmUjiZ2oz5d3ICWLRF56jEOpVe7bir1Tuc1WYds </latexit><latexit sha1_base64="Pbo8e+TVOoYsqgsLDBL42zz0eF4=">AAAD6HichVJLaxRBEK7N+IjjIxu9CF4GdyMeZOkNgkYQgoKIICRZ1wR21mUevbPNzoue3tU4zB/w5imIJwMexJ8hgn/AQ36C5JiIFw9W145ZYkjspl9f1fdVV3W7aSgyxdhOZcY4dfrM2dlz5vkLFy/NVecvP8+SkfR420vCRG64TsZDEfO2EirkG6nkTuSGfN0dPtT29TGXmUjiZ2oz5d3ICWLRF56jEOpVe7bir1Tuc1WYds </latexit><latexit sha1_base64="Pbo8e+TVOoYsqgsLDBL42zz0eF4=">AAAD6HichVJLaxRBEK7N+IjjIxu9CF4GdyMeZOkNgkYQgoKIICRZ1wR21mUevbPNzoue3tU4zB/w5imIJwMexJ8hgn/AQ36C5JiIFw9W145ZYkjspl9f1fdVV3W7aSgyxdhOZcY4dfrM2dlz5vkLFy/NVecvP8+SkfR420vCRG64TsZDEfO2EirkG6nkTuSGfN0dPtT29TGXmUjiZ2oz5d3ICWLRF56jEOpVe7bir1Tuc1WYds </latexit>

Fq ⌘ (m2
q3 �m2

q2)(m
2
q3 �m2

q1)(m
2
q2 �m2

q1)
<latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE=">AAAD93ichVJLbtRAEC3HAYL5ZAIbJDYWM0Fhwag9IEFYRSAhlkmGIZEyg2U7nUwr/sU/lFi+ABdgwQaQQCBWnIENB4BFjoBYBgkJseC5bTJKogndarvrvXpVXdVth66IE8b2lAl18tTpM1NntXPnL1ycbsxcehIHaeTwnhO4QbRqWzF3hc97iUhcvhpG3PJsl6/YWw9KfiXjUSwC/3GyE/KBZ236YkM4VgLIbPgPzXy70Pp8Ox WZNufBMvNbRfE07xT6Tb2yO5V9YxxvHOE743jNbDRZm8mhH98Y9aZJ9VgMZpR56tM6BeRQSh5x8inB3iWLYsw1MohRCGxAObAIOyF5TgVp0Kbw4vCwgG7huwlrrUZ92GXMWKodZHGxIih1mmXf2Ae2z76wj+w7+zM2Vi5jlGfZwd+utDw0p59f6f76r8rDP6HhSHWC4p9vBHYDS2oO0Bi+0YkVJ1DdlZUKVB5KpOyBU0XKdl/sd+8tz+bX2Rv2A9W/ZnvsM+r3s5/O2yW+/FJGj6SG0zPZL0/m93FDObgMeBmtvJWBRGzZ0/WD7pRWLplRNR6yN6Eo5NRklnEZuvXNDw9lCTAtMAK1+hIZolYBpIXY5fsRsg8pqtaBjfi+7Fq5WvIMrfIMeKXG0Td5fNPrtOfbxtLt5sL9+rlO0VW6RnMIc4cW6BEtUg+hv9JvRVUm1V31lfpOfV+5Tii15jIdGuqnv0xJ6Y8=</latexit><latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE=">AAAD93ichVJLbtRAEC3HAYL5ZAIbJDYWM0Fhwag9IEFYRSAhlkmGIZEyg2U7nUwr/sU/lFi+ABdgwQaQQCBWnIENB4BFjoBYBgkJseC5bTJKogndarvrvXpVXdVth66IE8b2lAl18tTpM1NntXPnL1ycbsxcehIHaeTwnhO4QbRqWzF3hc97iUhcvhpG3PJsl6/YWw9KfiXjUSwC/3GyE/KBZ236YkM4VgLIbPgPzXy70Pp8Ox WZNufBMvNbRfE07xT6Tb2yO5V9YxxvHOE743jNbDRZm8mhH98Y9aZJ9VgMZpR56tM6BeRQSh5x8inB3iWLYsw1MohRCGxAObAIOyF5TgVp0Kbw4vCwgG7huwlrrUZ92GXMWKodZHGxIih1mmXf2Ae2z76wj+w7+zM2Vi5jlGfZwd+utDw0p59f6f76r8rDP6HhSHWC4p9vBHYDS2oO0Bi+0YkVJ1DdlZUKVB5KpOyBU0XKdl/sd+8tz+bX2Rv2A9W/ZnvsM+r3s5/O2yW+/FJGj6SG0zPZL0/m93FDObgMeBmtvJWBRGzZ0/WD7pRWLplRNR6yN6Eo5NRklnEZuvXNDw9lCTAtMAK1+hIZolYBpIXY5fsRsg8pqtaBjfi+7Fq5WvIMrfIMeKXG0Td5fNPrtOfbxtLt5sL9+rlO0VW6RnMIc4cW6BEtUg+hv9JvRVUm1V31lfpOfV+5Tii15jIdGuqnv0xJ6Y8=</latexit><latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE=">AAAD93ichVJLbtRAEC3HAYL5ZAIbJDYWM0Fhwag9IEFYRSAhlkmGIZEyg2U7nUwr/sU/lFi+ABdgwQaQQCBWnIENB4BFjoBYBgkJseC5bTJKogndarvrvXpVXdVth66IE8b2lAl18tTpM1NntXPnL1ycbsxcehIHaeTwnhO4QbRqWzF3hc97iUhcvhpG3PJsl6/YWw9KfiXjUSwC/3GyE/KBZ236YkM4VgLIbPgPzXy70Pp8Ox WZNufBMvNbRfE07xT6Tb2yO5V9YxxvHOE743jNbDRZm8mhH98Y9aZJ9VgMZpR56tM6BeRQSh5x8inB3iWLYsw1MohRCGxAObAIOyF5TgVp0Kbw4vCwgG7huwlrrUZ92GXMWKodZHGxIih1mmXf2Ae2z76wj+w7+zM2Vi5jlGfZwd+utDw0p59f6f76r8rDP6HhSHWC4p9vBHYDS2oO0Bi+0YkVJ1DdlZUKVB5KpOyBU0XKdl/sd+8tz+bX2Rv2A9W/ZnvsM+r3s5/O2yW+/FJGj6SG0zPZL0/m93FDObgMeBmtvJWBRGzZ0/WD7pRWLplRNR6yN6Eo5NRklnEZuvXNDw9lCTAtMAK1+hIZolYBpIXY5fsRsg8pqtaBjfi+7Fq5WvIMrfIMeKXG0Td5fNPrtOfbxtLt5sL9+rlO0VW6RnMIc4cW6BEtUg+hv9JvRVUm1V31lfpOfV+5Tii15jIdGuqnv0xJ6Y8=</latexit><latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE=">AAAD93ichVJLbtRAEC3HAYL5ZAIbJDYWM0Fhwag9IEFYRSAhlkmGIZEyg2U7nUwr/sU/lFi+ABdgwQaQQCBWnIENB4BFjoBYBgkJseC5bTJKogndarvrvXpVXdVth66IE8b2lAl18tTpM1NntXPnL1ycbsxcehIHaeTwnhO4QbRqWzF3hc97iUhcvhpG3PJsl6/YWw9KfiXjUSwC/3GyE/KBZ236YkM4VgLIbPgPzXy70Pp8Ox WZNufBMvNbRfE07xT6Tb2yO5V9YxxvHOE743jNbDRZm8mhH98Y9aZJ9VgMZpR56tM6BeRQSh5x8inB3iWLYsw1MohRCGxAObAIOyF5TgVp0Kbw4vCwgG7huwlrrUZ92GXMWKodZHGxIih1mmXf2Ae2z76wj+w7+zM2Vi5jlGfZwd+utDw0p59f6f76r8rDP6HhSHWC4p9vBHYDS2oO0Bi+0YkVJ1DdlZUKVB5KpOyBU0XKdl/sd+8tz+bX2Rv2A9W/ZnvsM+r3s5/O2yW+/FJGj6SG0zPZL0/m93FDObgMeBmtvJWBRGzZ0/WD7pRWLplRNR6yN6Eo5NRklnEZuvXNDw9lCTAtMAK1+hIZolYBpIXY5fsRsg8pqtaBjfi+7Fq5WvIMrfIMeKXG0Td5fNPrtOfbxtLt5sL9+rlO0VW6RnMIc4cW6BEtUg+hv9JvRVUm1V31lfpOfV+5Tii15jIdGuqnv0xJ6Y8=</latexit>

CPV effect must be proportional to 

J = c12s12c23s23c
2
13s13s�

<latexit sha1_base64="0l7G9xD6uoEp81XQK2Wp9Zss5HE="></latexit><latexit sha1_base64="0l7G9xD6uoEp81XQK2Wp9Zss5HE="></latexit><latexit sha1_base64="0l7G9xD6uoEp81XQK2Wp9Zss5HE="></latexit><latexit sha1_base64="0l7G9xD6uoEp81XQK2Wp9Zss5HE="></latexit>

MH/MW
<latexit sha1_base64="pGao8HVweY/Z+BK09ao5yclKpUI="></latexit><latexit sha1_base64="pGao8HVweY/Z+BK09ao5yclKpUI="></latexit><latexit sha1_base64="pGao8HVweY/Z+BK09ao5yclKpUI="></latexit><latexit sha1_base64="pGao8HVweY/Z+BK09ao5yclKpUI="></latexit>

T
c
/M

H
<latexit sha1_base64="xvmkID/xw6GrSVG77ZXmrZStnr8="></latexit><latexit sha1_base64="xvmkID/xw6GrSVG77ZXmrZStnr8="></latexit><latexit sha1_base64="xvmkID/xw6GrSVG77ZXmrZStnr8="></latexit><latexit sha1_base64="xvmkID/xw6GrSVG77ZXmrZStnr8="></latexit>

Gavela et al. 9312215 Huet Sather 9404302

Kuzmin Rubakov Shaposhnikov 
                     PLB155 (1985) 36

Jarlskog PRL55 (1985) 1039

Csikor et al. 980929, & more

Suppose EWPT is a 1st-order PT…

Sphaleron: ON Sphaleron: OFF

net #B = 0 #B frozen out
⌘B

<latexit sha1_base64="a2857l7WkrW+riHHPpCWZIbw3f4="></latexit><latexit sha1_base64="a2857l7WkrW+riHHPpCWZIbw3f4="></latexit><latexit sha1_base64="a2857l7WkrW+riHHPpCWZIbw3f4="></latexit><latexit sha1_base64="a2857l7WkrW+riHHPpCWZIbw3f4="></latexit>

today
=<latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit><latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit><latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit><latexit sha1_base64="q4Dx1qjM8DNYyej7h87sAm0+BXk="></latexit>

#B
<latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit>

#B
<latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit>

6= <latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit><latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit><latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit><latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit>

#B
<latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit><latexit sha1_base64="Ifv2pJbhkKh2lMlZfh7z0WR5lNE="></latexit>

#B
<latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit><latexit sha1_base64="Hj/1Z2wvgsI8Js8A64Xyd0cEkds="></latexit>Bu

bb
le 

w
all

NO 1st-o
rder PT 

w. MH
= 125

Ge
V

<latexit sha1_base64="ueGc3Mfe0NdkzWSYDGC+moQ0yN4="></latexit><latexit sha1_base64="ueGc3Mfe0NdkzWSYDGC+moQ0yN4="></latexit><latexit sha1_base64="ueGc3Mfe0NdkzWSYDGC+moQ0yN4="></latexit><latexit sha1_base64="ueGc3Mfe0NdkzWSYDGC+moQ0yN4="></latexit>

Sounds so natural that it should work, but…

Far too sm
all

MH ⇠ 0.8MW
<latexit sha1_base64="xJkAynMDokF6A5gjvbc1DnRr4ag="></latexit><latexit sha1_base64="xJkAynMDokF6A5gjvbc1DnRr4ag="></latexit><latexit sha1_base64="xJkAynMDokF6A5gjvbc1DnRr4ag="></latexit><latexit sha1_base64="xJkAynMDokF6A5gjvbc1DnRr4ag="></latexit>

CP
#B in equi.

#B out-of-equi.



  We need to go beyond SM for our being

To fix SM’s shortcomings, we need

A trick to make EWPT strong 1st-order (     )

New source of CPV (     )

*If we stick to the idea of EWBG

*

1
3



BSM for EWBG
Extended Higgs sector (2HDM) helps achieve strong 1st-oder PT

Nelson Kaplan Cohen NPB373 (1992) 453

Collider signature of PT
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GW from PT
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LISA sensitivity

MA = MH±
<latexit sha1_base64="7OxuUvY26Jt1UXS8qc9mZnh783c="></latexit><latexit sha1_base64="7OxuUvY26Jt1UXS8qc9mZnh783c="></latexit><latexit sha1_base64="7OxuUvY26Jt1UXS8qc9mZnh783c="></latexit><latexit sha1_base64="7OxuUvY26Jt1UXS8qc9mZnh783c="></latexit>



�
<latexit sha1_base64="M7K6cDsj+x5snbjYKi9TtW7LWyc="></latexit><latexit sha1_base64="M7K6cDsj+x5snbjYKi9TtW7LWyc="></latexit><latexit sha1_base64="M7K6cDsj+x5snbjYKi9TtW7LWyc="></latexit><latexit sha1_base64="M7K6cDsj+x5snbjYKi9TtW7LWyc="></latexit>

t
<latexit sha1_base64="nu+/1YyzT3v7tUK37EA1AyJ5VeA="></latexit><latexit sha1_base64="nu+/1YyzT3v7tUK37EA1AyJ5VeA="></latexit><latexit sha1_base64="nu+/1YyzT3v7tUK37EA1AyJ5VeA="></latexit><latexit sha1_base64="nu+/1YyzT3v7tUK37EA1AyJ5VeA="></latexit>

e
<latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit>

e
<latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit>

e
<latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit>

CPV

H2
<latexit sha1_base64="fyzFHaoT7bIyXIumxBLuI0nD+KM="></latexit><latexit sha1_base64="fyzFHaoT7bIyXIumxBLuI0nD+KM="></latexit><latexit sha1_base64="fyzFHaoT7bIyXIumxBLuI0nD+KM="></latexit><latexit sha1_base64="fyzFHaoT7bIyXIumxBLuI0nD+KM="></latexit>

H1
<latexit sha1_base64="iHDuTtiDXxPlmXTa1HqWyk2vX1E="></latexit><latexit sha1_base64="iHDuTtiDXxPlmXTa1HqWyk2vX1E="></latexit><latexit sha1_base64="iHDuTtiDXxPlmXTa1HqWyk2vX1E="></latexit><latexit sha1_base64="iHDuTtiDXxPlmXTa1HqWyk2vX1E="></latexit>

�
<latexit sha1_base64="M7K6cDsj+x5snbjYKi9TtW7LWyc="></latexit><latexit sha1_base64="M7K6cDsj+x5snbjYKi9TtW7LWyc="></latexit><latexit sha1_base64="M7K6cDsj+x5snbjYKi9TtW7LWyc="></latexit><latexit sha1_base64="M7K6cDsj+x5snbjYKi9TtW7LWyc="></latexit>

BSM for EWBG
Extended Higgs sector (2HDM) helps achieve strong 1st-oder PT

… and brings a new CP phase

Strongly constrained from eEDM

Nelson Kaplan Cohen NPB373 (1992) 453

mt(z) =
ytv1p

2


1 + tanh(z/�w)

2

�
exp


�i

�✓[tanh(z/�w � 1)]

2

�

<latexit sha1_base64="Fz2rWlsCJ0k1UXxJs6mpJHypC00="></latexit><latexit sha1_base64="Fz2rWlsCJ0k1UXxJs6mpJHypC00="></latexit><latexit sha1_base64="Fz2rWlsCJ0k1UXxJs6mpJHypC00="></latexit><latexit sha1_base64="Fz2rWlsCJ0k1UXxJs6mpJHypC00="></latexit>

�✓
<latexit sha1_base64="oo1F/AB8AvNNrXhvPP2Sevk3meM="></latexit><latexit sha1_base64="oo1F/AB8AvNNrXhvPP2Sevk3meM="></latexit><latexit sha1_base64="oo1F/AB8AvNNrXhvPP2Sevk3meM="></latexit><latexit sha1_base64="oo1F/AB8AvNNrXhvPP2Sevk3meM="></latexit>

is related to parameters at T=0
Baryogengesis requires �✓

<latexit sha1_base64="oo1F/AB8AvNNrXhvPP2Sevk3meM="></latexit><latexit sha1_base64="oo1F/AB8AvNNrXhvPP2Sevk3meM="></latexit><latexit sha1_base64="oo1F/AB8AvNNrXhvPP2Sevk3meM="></latexit><latexit sha1_base64="oo1F/AB8AvNNrXhvPP2Sevk3meM="></latexit>
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GW from PT
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LISA sensitivity

MA = MH±
<latexit sha1_base64="7OxuUvY26Jt1UXS8qc9mZnh783c="></latexit><latexit sha1_base64="7OxuUvY26Jt1UXS8qc9mZnh783c="></latexit><latexit sha1_base64="7OxuUvY26Jt1UXS8qc9mZnh783c="></latexit><latexit sha1_base64="7OxuUvY26Jt1UXS8qc9mZnh783c="></latexit>



  Extended neutrino sector for EWBG



v EWBG
Inspired by low-energy Seesaw models for neutrino masses

L =
1

2
 cM +H.c.

<latexit sha1_base64="wNyTUYVZPq0iQNXkIXct3tHv6Y8="></latexit><latexit sha1_base64="wNyTUYVZPq0iQNXkIXct3tHv6Y8="></latexit><latexit sha1_base64="wNyTUYVZPq0iQNXkIXct3tHv6Y8="></latexit><latexit sha1_base64="wNyTUYVZPq0iQNXkIXct3tHv6Y8="></latexit>

M =

0

@
0 mD 0

mT
D 0 MT

N
0 MN ✏

1

A

<latexit sha1_base64="6S1g+DBK2vbl/Ak0tled1L/zXHE="></latexit><latexit sha1_base64="6S1g+DBK2vbl/Ak0tled1L/zXHE="></latexit><latexit sha1_base64="6S1g+DBK2vbl/Ak0tled1L/zXHE="></latexit><latexit sha1_base64="6S1g+DBK2vbl/Ak0tled1L/zXHE="></latexit>

m⌫ = m⇤
DM�1

N
T
✏⇤M�1

N m†
D

<latexit sha1_base64="KaAjAfaGH0LGI+ZooVKH63J/dy4="></latexit><latexit sha1_base64="KaAjAfaGH0LGI+ZooVKH63J/dy4="></latexit><latexit sha1_base64="KaAjAfaGH0LGI+ZooVKH63J/dy4="></latexit><latexit sha1_base64="KaAjAfaGH0LGI+ZooVKH63J/dy4="></latexit>

mD = Y⌫hHi
<latexit sha1_base64="AzVJKl8HRptf4sqGPPnbO+bSrCA="></latexit><latexit sha1_base64="AzVJKl8HRptf4sqGPPnbO+bSrCA="></latexit><latexit sha1_base64="AzVJKl8HRptf4sqGPPnbO+bSrCA="></latexit><latexit sha1_base64="AzVJKl8HRptf4sqGPPnbO+bSrCA="></latexit>

- Inverse seesaw

 = (⌫L
c, NR, NL

c)T
<latexit sha1_base64="u191tyj6YCkGYG+Cc+Ko0KWKyTA="></latexit><latexit sha1_base64="u191tyj6YCkGYG+Cc+Ko0KWKyTA="></latexit><latexit sha1_base64="u191tyj6YCkGYG+Cc+Ko0KWKyTA="></latexit><latexit sha1_base64="u191tyj6YCkGYG+Cc+Ko0KWKyTA="></latexit>

Mohapatra  
 PRL 56 (1986) 561
Mohapatra Valle  
 PRD34 (1986) 1642
Bernabeu et al.  
 PLB187 (1987) 303

MN = YN h�i
<latexit sha1_base64="lHKYOGf7YL4xHX2PbIVg9B7UeQg="></latexit><latexit sha1_base64="lHKYOGf7YL4xHX2PbIVg9B7UeQg="></latexit><latexit sha1_base64="lHKYOGf7YL4xHX2PbIVg9B7UeQg="></latexit><latexit sha1_base64="lHKYOGf7YL4xHX2PbIVg9B7UeQg="></latexit>

Hernandez Rius, 9611227



New source of CPV (w.           )

v EWBG
Inspired by low-energy Seesaw models for neutrino masses

Sphaleron converts CPV in L to B 

L =
1

2
 cM +H.c.

<latexit sha1_base64="wNyTUYVZPq0iQNXkIXct3tHv6Y8="></latexit><latexit sha1_base64="wNyTUYVZPq0iQNXkIXct3tHv6Y8="></latexit><latexit sha1_base64="wNyTUYVZPq0iQNXkIXct3tHv6Y8="></latexit><latexit sha1_base64="wNyTUYVZPq0iQNXkIXct3tHv6Y8="></latexit>

M =

0

@
0 mD 0

mT
D 0 MT

N
0 MN ✏

1

A

<latexit sha1_base64="6S1g+DBK2vbl/Ak0tled1L/zXHE="></latexit><latexit sha1_base64="6S1g+DBK2vbl/Ak0tled1L/zXHE="></latexit><latexit sha1_base64="6S1g+DBK2vbl/Ak0tled1L/zXHE="></latexit><latexit sha1_base64="6S1g+DBK2vbl/Ak0tled1L/zXHE="></latexit>

m⌫ = m⇤
DM�1

N
T
✏⇤M�1

N m†
D

<latexit sha1_base64="KaAjAfaGH0LGI+ZooVKH63J/dy4="></latexit><latexit sha1_base64="KaAjAfaGH0LGI+ZooVKH63J/dy4="></latexit><latexit sha1_base64="KaAjAfaGH0LGI+ZooVKH63J/dy4="></latexit><latexit sha1_base64="KaAjAfaGH0LGI+ZooVKH63J/dy4="></latexit>

mD = Y⌫hHi
<latexit sha1_base64="AzVJKl8HRptf4sqGPPnbO+bSrCA="></latexit><latexit sha1_base64="AzVJKl8HRptf4sqGPPnbO+bSrCA="></latexit><latexit sha1_base64="AzVJKl8HRptf4sqGPPnbO+bSrCA="></latexit><latexit sha1_base64="AzVJKl8HRptf4sqGPPnbO+bSrCA="></latexit>

MN = YN h�i
<latexit sha1_base64="lHKYOGf7YL4xHX2PbIVg9B7UeQg="></latexit><latexit sha1_base64="lHKYOGf7YL4xHX2PbIVg9B7UeQg="></latexit><latexit sha1_base64="lHKYOGf7YL4xHX2PbIVg9B7UeQg="></latexit><latexit sha1_base64="lHKYOGf7YL4xHX2PbIVg9B7UeQg="></latexit>

- Inverse seesaw

 = (⌫L
c, NR, NL

c)T
<latexit sha1_base64="u191tyj6YCkGYG+Cc+Ko0KWKyTA="></latexit><latexit sha1_base64="u191tyj6YCkGYG+Cc+Ko0KWKyTA="></latexit><latexit sha1_base64="u191tyj6YCkGYG+Cc+Ko0KWKyTA="></latexit><latexit sha1_base64="u191tyj6YCkGYG+Cc+Ko0KWKyTA="></latexit>

cf. e.g., Espinosa Konstandin Riva 1107.5441

dCP ⌘ 1

2i
det

h
M†

NMN ,m†
DmD

i

<latexit sha1_base64="jfIsLPrVstFBFY8ZmWKShDxl7j0="></latexit><latexit sha1_base64="jfIsLPrVstFBFY8ZmWKShDxl7j0="></latexit><latexit sha1_base64="jfIsLPrVstFBFY8ZmWKShDxl7j0="></latexit><latexit sha1_base64="jfIsLPrVstFBFY8ZmWKShDxl7j0="></latexit>

✏ = O
<latexit sha1_base64="DxeIPhaUWS6VxUGLG3YZXbpv6Kg="></latexit><latexit sha1_base64="DxeIPhaUWS6VxUGLG3YZXbpv6Kg="></latexit><latexit sha1_base64="DxeIPhaUWS6VxUGLG3YZXbpv6Kg="></latexit><latexit sha1_base64="DxeIPhaUWS6VxUGLG3YZXbpv6Kg="></latexit>

= FMNFmDJ
<latexit sha1_base64="4yhiunyYQSuE7fu8sVmFgjO8rT8="></latexit><latexit sha1_base64="4yhiunyYQSuE7fu8sVmFgjO8rT8="></latexit><latexit sha1_base64="4yhiunyYQSuE7fu8sVmFgjO8rT8="></latexit><latexit sha1_base64="4yhiunyYQSuE7fu8sVmFgjO8rT8="></latexit>

are SM singlets - avoid the EDM diagramsNR,L
<latexit sha1_base64="C+w/5oQ+D7W5R5Dbhka8vcEE3XQ="></latexit><latexit sha1_base64="C+w/5oQ+D7W5R5Dbhka8vcEE3XQ="></latexit><latexit sha1_base64="C+w/5oQ+D7W5R5Dbhka8vcEE3XQ="></latexit><latexit sha1_base64="C+w/5oQ+D7W5R5Dbhka8vcEE3XQ="></latexit>

1

2
3 Scalar potential with    is good for 1st-order PhT�

<latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit><latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit><latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit><latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit>

Santamaria 9302301 

Abada Toma 1605.07643
For eEDM in inverse seesaw

Branco Rebelo Valle  
 PLB225 (1989) 385

Mohapatra  
 PRL 56 (1986) 561
Mohapatra Valle  
 PRD34 (1986) 1642
Bernabeu et al.  
 PLB187 (1987) 303

Hernandez Rius, 9611227



  vEWBG: How it works



vEWBG: How it works
hHi = 0

<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit>

In the early Universe…

Hernandez Rius, 9611227



vEWBG: How it works

hHi 6= 0
<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

hHi = 0
<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit>

In the early Universe…

Bubbles of the broken phase appear and expand

Hernandez Rius, 9611227



hHi 6= 0
<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

hHi = 0
<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit>

In the early Universe…

Bubbles of the broken phase appear and expand

vEWBG: How it works

symmetric 
   phase

broken  
 phase

bu
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l hHi 6= 0

<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

expanding

#⌫L
<latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit><latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit><latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit><latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit>

#NR
<latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit><latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit><latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit><latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit>

#NR
<latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit><latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit><latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit><latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit>

Hernandez Rius, 9611227



hHi 6= 0
<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

hHi = 0
<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit>

In the early Universe…

Bubbles of the broken phase appear and expand

vEWBG: How it works

symmetric 
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l hHi 6= 0

<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

expanding

6=
<latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit><latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit><latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit><latexit sha1_base64="Qeshe70nnVrS2jbbuidCyrHdUXU="></latexit>

CPV

bu
bb

le
 w

al
lexpanding

symmetric 
   phase

broken  
 phase
hHi 6= 0

<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

#⌫L
<latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit><latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit><latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit><latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit>

#NR
<latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit><latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit><latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit><latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit>

#NR
<latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit><latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit><latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit><latexit sha1_base64="j7PiowvxRFDo9dORGnkf+HSddFM="></latexit>

#NR
<latexit sha1_base64="J/pcTuoLtLAC/IC49wq+xbxTUcA="></latexit><latexit sha1_base64="J/pcTuoLtLAC/IC49wq+xbxTUcA="></latexit><latexit sha1_base64="J/pcTuoLtLAC/IC49wq+xbxTUcA="></latexit><latexit sha1_base64="J/pcTuoLtLAC/IC49wq+xbxTUcA="></latexit>

#⌫L
<latexit sha1_base64="i94OIpSPZQSM5k74g4OBNYNmzLU="></latexit><latexit sha1_base64="i94OIpSPZQSM5k74g4OBNYNmzLU="></latexit><latexit sha1_base64="i94OIpSPZQSM5k74g4OBNYNmzLU="></latexit><latexit sha1_base64="i94OIpSPZQSM5k74g4OBNYNmzLU="></latexit>

#NR
<latexit sha1_base64="J/pcTuoLtLAC/IC49wq+xbxTUcA="></latexit><latexit sha1_base64="J/pcTuoLtLAC/IC49wq+xbxTUcA="></latexit><latexit sha1_base64="J/pcTuoLtLAC/IC49wq+xbxTUcA="></latexit><latexit sha1_base64="J/pcTuoLtLAC/IC49wq+xbxTUcA="></latexit>

= #NR
<latexit sha1_base64="XuD6j2afwRIcVMI7FOQYqbyH1Bw="></latexit><latexit sha1_base64="XuD6j2afwRIcVMI7FOQYqbyH1Bw="></latexit><latexit sha1_base64="XuD6j2afwRIcVMI7FOQYqbyH1Bw="></latexit><latexit sha1_base64="XuD6j2afwRIcVMI7FOQYqbyH1Bw="></latexit>

Hernandez Rius, 9611227



hHi 6= 0
<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

hHi = 0
<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit>

In the early Universe…

Bubbles of the broken phase appear and expand

vEWBG: How it works
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hHi 6= 0
<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

expanding

hHi = 0
<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit>

#⌫L
<latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit><latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit><latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit><latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit>

#⌫L
<latexit sha1_base64="i94OIpSPZQSM5k74g4OBNYNmzLU="></latexit><latexit sha1_base64="i94OIpSPZQSM5k74g4OBNYNmzLU="></latexit><latexit sha1_base64="i94OIpSPZQSM5k74g4OBNYNmzLU="></latexit><latexit sha1_base64="i94OIpSPZQSM5k74g4OBNYNmzLU="></latexit>

Hernandez Rius, 9611227



hHi 6= 0
<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

hHi = 0
<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit>

In the early Universe…

Bubbles of the broken phase appear and expand

vEWBG: How it works
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hHi 6= 0
<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

expanding

hHi = 0
<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit>

6= <latexit sha1_base64="Zjf1SEaYh81hp1O4QSr3onTv4M8="></latexit><latexit sha1_base64="Zjf1SEaYh81hp1O4QSr3onTv4M8="></latexit><latexit sha1_base64="Zjf1SEaYh81hp1O4QSr3onTv4M8="></latexit><latexit sha1_base64="Zjf1SEaYh81hp1O4QSr3onTv4M8="></latexit>

n⌫L 6= 0
<latexit sha1_base64="y8TPj77AGwPdevGKht0rQEyE/e8="></latexit><latexit sha1_base64="y8TPj77AGwPdevGKht0rQEyE/e8="></latexit><latexit sha1_base64="y8TPj77AGwPdevGKht0rQEyE/e8="></latexit><latexit sha1_base64="y8TPj77AGwPdevGKht0rQEyE/e8="></latexit>

#⌫L
<latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit><latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit><latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit><latexit sha1_base64="p29JYNhWy1EUs5mEe0tyg1aSxUs="></latexit>

#⌫L
<latexit sha1_base64="i94OIpSPZQSM5k74g4OBNYNmzLU="></latexit><latexit sha1_base64="i94OIpSPZQSM5k74g4OBNYNmzLU="></latexit><latexit sha1_base64="i94OIpSPZQSM5k74g4OBNYNmzLU="></latexit><latexit sha1_base64="i94OIpSPZQSM5k74g4OBNYNmzLU="></latexit>

Hernandez Rius, 9611227



hHi 6= 0
<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

hHi = 0
<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit>

In the early Universe…

Bubbles of the broken phase appear and expand

vEWBG: How it works
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hHi 6= 0
<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

expanding

hHi = 0
<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit>

Sphaleron

e.g., in 1 generation

�(B � L) = 0
<latexit sha1_base64="ZR9TsjA8LZ3R0gJz3FacEk+pGj8="></latexit><latexit sha1_base64="ZR9TsjA8LZ3R0gJz3FacEk+pGj8="></latexit><latexit sha1_base64="ZR9TsjA8LZ3R0gJz3FacEk+pGj8="></latexit><latexit sha1_base64="ZR9TsjA8LZ3R0gJz3FacEk+pGj8="></latexit>

⌫Le ! uLdLdL
<latexit sha1_base64="FHX6PbKvubDehSmj3pUNvWhhTnw="></latexit><latexit sha1_base64="FHX6PbKvubDehSmj3pUNvWhhTnw="></latexit><latexit sha1_base64="FHX6PbKvubDehSmj3pUNvWhhTnw="></latexit><latexit sha1_base64="FHX6PbKvubDehSmj3pUNvWhhTnw="></latexit>

�B = 1
<latexit sha1_base64="pIPl3TNSEtvPTSTdEFoWMB9ZGX8="></latexit><latexit sha1_base64="pIPl3TNSEtvPTSTdEFoWMB9ZGX8="></latexit><latexit sha1_base64="pIPl3TNSEtvPTSTdEFoWMB9ZGX8="></latexit><latexit sha1_base64="pIPl3TNSEtvPTSTdEFoWMB9ZGX8="></latexit>

�L = 1
<latexit sha1_base64="1gEckqdZQOl2WSQqjyc1FJ9QK1s="></latexit><latexit sha1_base64="1gEckqdZQOl2WSQqjyc1FJ9QK1s="></latexit><latexit sha1_base64="1gEckqdZQOl2WSQqjyc1FJ9QK1s="></latexit><latexit sha1_base64="1gEckqdZQOl2WSQqjyc1FJ9QK1s="></latexit>

n⌫L 6= 0
<latexit sha1_base64="y8TPj77AGwPdevGKht0rQEyE/e8="></latexit><latexit sha1_base64="y8TPj77AGwPdevGKht0rQEyE/e8="></latexit><latexit sha1_base64="y8TPj77AGwPdevGKht0rQEyE/e8="></latexit><latexit sha1_base64="y8TPj77AGwPdevGKht0rQEyE/e8="></latexit>

nB 6= 0
<latexit sha1_base64="5jA9k2j5eZmsdF46eDXQkjeg0Ys="></latexit><latexit sha1_base64="5jA9k2j5eZmsdF46eDXQkjeg0Ys="></latexit><latexit sha1_base64="5jA9k2j5eZmsdF46eDXQkjeg0Ys="></latexit><latexit sha1_base64="5jA9k2j5eZmsdF46eDXQkjeg0Ys="></latexit>

Non-zero lepton number can trigger sphaleron and when a 

Hernandez Rius, 9611227



hHi 6= 0
<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

hHi = 0
<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit>

In the early Universe…

Bubbles of the broken phase appear and expand

vEWBG: How it works
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hHi 6= 0
<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

expanding

hHi = 0
<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U="></latexit>

Sphaleron

�(B � L) = 0
<latexit sha1_base64="ZR9TsjA8LZ3R0gJz3FacEk+pGj8="></latexit><latexit sha1_base64="ZR9TsjA8LZ3R0gJz3FacEk+pGj8="></latexit><latexit sha1_base64="ZR9TsjA8LZ3R0gJz3FacEk+pGj8="></latexit><latexit sha1_base64="ZR9TsjA8LZ3R0gJz3FacEk+pGj8="></latexit>

e.g., in 1 generation
⌫Le ! uLdLdL

<latexit sha1_base64="FHX6PbKvubDehSmj3pUNvWhhTnw="></latexit><latexit sha1_base64="FHX6PbKvubDehSmj3pUNvWhhTnw="></latexit><latexit sha1_base64="FHX6PbKvubDehSmj3pUNvWhhTnw="></latexit><latexit sha1_base64="FHX6PbKvubDehSmj3pUNvWhhTnw="></latexit>

�B = 1
<latexit sha1_base64="pIPl3TNSEtvPTSTdEFoWMB9ZGX8="></latexit><latexit sha1_base64="pIPl3TNSEtvPTSTdEFoWMB9ZGX8="></latexit><latexit sha1_base64="pIPl3TNSEtvPTSTdEFoWMB9ZGX8="></latexit><latexit sha1_base64="pIPl3TNSEtvPTSTdEFoWMB9ZGX8="></latexit>

�L = 1
<latexit sha1_base64="1gEckqdZQOl2WSQqjyc1FJ9QK1s="></latexit><latexit sha1_base64="1gEckqdZQOl2WSQqjyc1FJ9QK1s="></latexit><latexit sha1_base64="1gEckqdZQOl2WSQqjyc1FJ9QK1s="></latexit><latexit sha1_base64="1gEckqdZQOl2WSQqjyc1FJ9QK1s="></latexit>

n⌫L 6= 0
<latexit sha1_base64="y8TPj77AGwPdevGKht0rQEyE/e8="></latexit><latexit sha1_base64="y8TPj77AGwPdevGKht0rQEyE/e8="></latexit><latexit sha1_base64="y8TPj77AGwPdevGKht0rQEyE/e8="></latexit><latexit sha1_base64="y8TPj77AGwPdevGKht0rQEyE/e8="></latexit>

nB 6= 0
<latexit sha1_base64="5jA9k2j5eZmsdF46eDXQkjeg0Ys="></latexit><latexit sha1_base64="5jA9k2j5eZmsdF46eDXQkjeg0Ys="></latexit><latexit sha1_base64="5jA9k2j5eZmsdF46eDXQkjeg0Ys="></latexit><latexit sha1_base64="5jA9k2j5eZmsdF46eDXQkjeg0Ys="></latexit>

Hernandez Rius, 9611227



hHi 6= 0
<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>

hHi = 0
<latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit><latexit sha1_base64="Ru+bceTXu23P00KOC87g2SQvi3U=">AAADnnichVLNbhMxEJ50+Snhp2kREhKXhaSIU+QgJFokpAoO9IJoG0IjNVG0u3UTq94feTdBZdUX4AU4cCoSB+hjcOEFOPQREMciceHA58nSqFQttrw7/ma+GX9j+4lWaSbEQWnKOXf+wsXpS+XLV65em6nMzr1K46EJZCuIdWzavpdKrSLZylSmZTsx0gt9Ldf97afWvz6SJlVx9DLbSWQ39PqR2lKBlwHqVW50tBf1tXSX3Y 4ZW49d0atURV3wcE8ajcKoUjFW4tnSInVok2IKaEghSYoog63JoxRzgxokKAHWpRyYgaXYL2mXyuAOESUR4QHdxreP3UaBRtjbnCmzA1TRWAZMl+bFN/FJHIqvYl98F79PzZVzDnuWHfz9MVcmvZm3N5u//ssK8c9oMGGdwfgba+DdwmLOEZoi1pypOANrgZUqKE8YsT0IxplGb94dNh+tzed3xQfxA+r3xIH4Av3R6GfwcVWuvefshjmSXnO/Qq4f4YZy+EbAbTZ7K11GfO7p5lF37C5nz0RNiOpVMHZ5lrnKaRWaxc0PjlWJMT14FLRGjAygVQGpIbd9P4r7MIRqF9jE3+Gu2VXjM9TsGfBKG/++yZNG6359sd5YfVBdelI812m6RXfoHtI8pCVaphVqIXVOe/SZ9p3bzjPnufNiHDpVKjjX6dhw2n8A7GfIPg==</latexit>

In the early Universe…

Bubbles of the broken phase appear and expand

vEWBG: How it works

broken  
 phasehHi 6= 0

<latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit><latexit sha1_base64="l7tu/rJXI6wkzfYnWi317y5ZeAo="></latexit>
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Sphaleron: OFF

Baryon number 
   is frozen out

“Strong” 1st order PhT

nB 6= 0
<latexit sha1_base64="5jA9k2j5eZmsdF46eDXQkjeg0Ys="></latexit><latexit sha1_base64="5jA9k2j5eZmsdF46eDXQkjeg0Ys="></latexit><latexit sha1_base64="5jA9k2j5eZmsdF46eDXQkjeg0Ys="></latexit><latexit sha1_base64="5jA9k2j5eZmsdF46eDXQkjeg0Ys="></latexit>

To turn it off at Tc
<latexit sha1_base64="0I6CZ7ZOwWAXVhtNFNYGJdgPdX4="></latexit><latexit sha1_base64="0I6CZ7ZOwWAXVhtNFNYGJdgPdX4="></latexit><latexit sha1_base64="0I6CZ7ZOwWAXVhtNFNYGJdgPdX4="></latexit><latexit sha1_base64="0I6CZ7ZOwWAXVhtNFNYGJdgPdX4="></latexit>

today⌘B
<latexit sha1_base64="R/sBsQ+cilQfnSfGUcr10DnfnCg="></latexit><latexit sha1_base64="R/sBsQ+cilQfnSfGUcr10DnfnCg="></latexit><latexit sha1_base64="R/sBsQ+cilQfnSfGUcr10DnfnCg="></latexit><latexit sha1_base64="R/sBsQ+cilQfnSfGUcr10DnfnCg="></latexit>

hHi
Tc

& 1
<latexit sha1_base64="CRGpTzwAnYRk7FyxApBf6WwxFSM="></latexit><latexit sha1_base64="CRGpTzwAnYRk7FyxApBf6WwxFSM="></latexit><latexit sha1_base64="CRGpTzwAnYRk7FyxApBf6WwxFSM="></latexit><latexit sha1_base64="CRGpTzwAnYRk7FyxApBf6WwxFSM="></latexit>

Check the eq.!!

�Sph. [/(time·volume)] ⇠ T 4
exp


�4⇡hHi

gT

�

<latexit sha1_base64="Ed2StFFklf9lFhmaxD0bQSgAs8I="></latexit><latexit sha1_base64="Ed2StFFklf9lFhmaxD0bQSgAs8I="></latexit><latexit sha1_base64="Ed2StFFklf9lFhmaxD0bQSgAs8I="></latexit><latexit sha1_base64="Ed2StFFklf9lFhmaxD0bQSgAs8I="></latexit>

Hernandez Rius, 9611227



vEWBG: How it works
3 steps to baryon number…

   Non-zero       is generated at the front of a bubble wall 

CPV in Yukawa interaction,
Reflection/Transmission rates at the bubble wall

          is converted to       

Sphaleron process (B+L violation)

         is transported into the bubble 

Sphaleron off (Out of equil.) = B frozen out

n⌫L
<latexit sha1_base64="cCt6AQ+2uxuoiUGfwgcUggDNMeQ="></latexit><latexit sha1_base64="cCt6AQ+2uxuoiUGfwgcUggDNMeQ="></latexit><latexit sha1_base64="cCt6AQ+2uxuoiUGfwgcUggDNMeQ="></latexit><latexit sha1_base64="cCt6AQ+2uxuoiUGfwgcUggDNMeQ="></latexit>

nB
<latexit sha1_base64="2kriVU+wdjWYxMBE2177X9zJKwM="></latexit><latexit sha1_base64="2kriVU+wdjWYxMBE2177X9zJKwM="></latexit><latexit sha1_base64="2kriVU+wdjWYxMBE2177X9zJKwM="></latexit><latexit sha1_base64="2kriVU+wdjWYxMBE2177X9zJKwM="></latexit>

nB
<latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit><latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit><latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit><latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit>

n⌫L
<latexit sha1_base64="EVHgWhF8An3YKinpZdTRRwu/KyE="></latexit><latexit sha1_base64="EVHgWhF8An3YKinpZdTRRwu/KyE="></latexit><latexit sha1_base64="EVHgWhF8An3YKinpZdTRRwu/KyE="></latexit><latexit sha1_base64="EVHgWhF8An3YKinpZdTRRwu/KyE="></latexit>

dCP
<latexit sha1_base64="P03t3sGW2Wc05oA3/tM7+jHXCnw="></latexit><latexit sha1_base64="P03t3sGW2Wc05oA3/tM7+jHXCnw="></latexit><latexit sha1_base64="P03t3sGW2Wc05oA3/tM7+jHXCnw="></latexit><latexit sha1_base64="P03t3sGW2Wc05oA3/tM7+jHXCnw="></latexit>

qualitatively OK, but quantitatively? SM fails quantitatively, 

3

2

1
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vEWBG: How it works
3 steps to baryon number…

   Non-zero       is generated at the front of a bubble wall 

CPV in Yukawa interaction,
Reflection/Transmission rates at the bubble wall

          is converted to       

Sphaleron process (B+L violation)

         is transported into the bubble 

Sphaleron off (Out of equil.) = B frozen out

Diffusion equations

Wave functions in the wall potential

n⌫L
<latexit sha1_base64="cCt6AQ+2uxuoiUGfwgcUggDNMeQ="></latexit><latexit sha1_base64="cCt6AQ+2uxuoiUGfwgcUggDNMeQ="></latexit><latexit sha1_base64="cCt6AQ+2uxuoiUGfwgcUggDNMeQ="></latexit><latexit sha1_base64="cCt6AQ+2uxuoiUGfwgcUggDNMeQ="></latexit>

nB
<latexit sha1_base64="2kriVU+wdjWYxMBE2177X9zJKwM="></latexit><latexit sha1_base64="2kriVU+wdjWYxMBE2177X9zJKwM="></latexit><latexit sha1_base64="2kriVU+wdjWYxMBE2177X9zJKwM="></latexit><latexit sha1_base64="2kriVU+wdjWYxMBE2177X9zJKwM="></latexit>

nB
<latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit><latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit><latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit><latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit>

n⌫L
<latexit sha1_base64="EVHgWhF8An3YKinpZdTRRwu/KyE="></latexit><latexit sha1_base64="EVHgWhF8An3YKinpZdTRRwu/KyE="></latexit><latexit sha1_base64="EVHgWhF8An3YKinpZdTRRwu/KyE="></latexit><latexit sha1_base64="EVHgWhF8An3YKinpZdTRRwu/KyE="></latexit>

dCP
<latexit sha1_base64="P03t3sGW2Wc05oA3/tM7+jHXCnw="></latexit><latexit sha1_base64="P03t3sGW2Wc05oA3/tM7+jHXCnw="></latexit><latexit sha1_base64="P03t3sGW2Wc05oA3/tM7+jHXCnw="></latexit><latexit sha1_base64="P03t3sGW2Wc05oA3/tM7+jHXCnw="></latexit>

qualitatively OK, but quantitatively? SM fails quantitatively, 

3

2

1

Nelson Kaplan Cohen NPB373 (1992) 453

Joyce Prokopec Turok 9410281

Hernandez Rius, 9611227



  Step 1: CPV at the front of a bubble wall
n⌫L ⌘ #⌫L �#⌫L 6= 0

<latexit sha1_base64="Qw9kupA9JgDFMxba/jkACRB64+Y="></latexit><latexit sha1_base64="Qw9kupA9JgDFMxba/jkACRB64+Y="></latexit><latexit sha1_base64="Qw9kupA9JgDFMxba/jkACRB64+Y="></latexit><latexit sha1_base64="Qw9kupA9JgDFMxba/jkACRB64+Y="></latexit>

Generate



Leptonic CPV at wall front 

To compute CPV, we have to fix Yukawas & the wall properties… 

[i@z +Q(z)] (z) = 0
<latexit sha1_base64="aHzorvlmaAwW98QgjkNaGnfgPlk=">AAADynichVLPaxNBFH7p+qOuP5rqRfCymFQqQpgUQSsIVS9ehKYxtpANYbOdJEP3F7OTaLLk5sl/wIMnBRHxz/DixaNK/wTxWMGLB7+ZrA21tM4wu2++977vzXsznSQQqWJstzBnnTh56vT8GfvsufMXFoqLF5+k8UD6vOHHQSy3Ol7KAxHxhhIq4FuJ5F7YCfhmZ+eB9m8OuUxFHD1Wo4S3Qq8Xia7wPQWoXbznBryrmrbjuI o/U5mYaDPxpBJe0M7GensDq7Y8vu44titFr69atpukAoh912btYolVmBnOYaOaGyXKx3q8WFgll7YpJp8GFBKniBTsgDxKMZtUJUYJsBZlwCQsYfycJmSDO0AUR4QHdAffHnbNHI2w15qpYfvIEmBJMB1aYl/Ye7bHPrEP7Dv7faRWZjT0WUb4d6ZcnrQXXlyu//ovK8RfUX/GOobxN1bC28UynH00Raw8tmIF1m1TqUDliUF0D/yp0nD8cq9+Z2Mpu8besB+o/jXbZR9RfzT86b+t8Y1XRl0aDqenpl+hyR/hhjL4hsC1mr6VlkE6pqfb+93Ru8x4ZtWEyF4CY2KmbbIclaGe33z/QJYY04NHoNbIIH3UKoCUoa3fjzB9GKBqB9jM75qu6VU2ZyjrM+CVVv99k4eNxkpltVKt3Syt3c+f6zxdoau0DJlbtEYPaZ0akH5Hn+krfbMeWak1srJp6Fwh51yiA8N6/gfTzNap</latexit><latexit sha1_base64="aHzorvlmaAwW98QgjkNaGnfgPlk=">AAADynichVLPaxNBFH7p+qOuP5rqRfCymFQqQpgUQSsIVS9ehKYxtpANYbOdJEP3F7OTaLLk5sl/wIMnBRHxz/DixaNK/wTxWMGLB7+ZrA21tM4wu2++977vzXsznSQQqWJstzBnnTh56vT8GfvsufMXFoqLF5+k8UD6vOHHQSy3Ol7KAxHxhhIq4FuJ5F7YCfhmZ+eB9m8OuUxFHD1Wo4S3Qq8Xia7wPQWoXbznBryrmrbjuI o/U5mYaDPxpBJe0M7GensDq7Y8vu44titFr69atpukAoh912btYolVmBnOYaOaGyXKx3q8WFgll7YpJp8GFBKniBTsgDxKMZtUJUYJsBZlwCQsYfycJmSDO0AUR4QHdAffHnbNHI2w15qpYfvIEmBJMB1aYl/Ye7bHPrEP7Dv7faRWZjT0WUb4d6ZcnrQXXlyu//ovK8RfUX/GOobxN1bC28UynH00Raw8tmIF1m1TqUDliUF0D/yp0nD8cq9+Z2Mpu8besB+o/jXbZR9RfzT86b+t8Y1XRl0aDqenpl+hyR/hhjL4hsC1mr6VlkE6pqfb+93Ru8x4ZtWEyF4CY2KmbbIclaGe33z/QJYY04NHoNbIIH3UKoCUoa3fjzB9GKBqB9jM75qu6VU2ZyjrM+CVVv99k4eNxkpltVKt3Syt3c+f6zxdoau0DJlbtEYPaZ0akH5Hn+krfbMeWak1srJp6Fwh51yiA8N6/gfTzNap</latexit><latexit sha1_base64="aHzorvlmaAwW98QgjkNaGnfgPlk=">AAADynichVLPaxNBFH7p+qOuP5rqRfCymFQqQpgUQSsIVS9ehKYxtpANYbOdJEP3F7OTaLLk5sl/wIMnBRHxz/DixaNK/wTxWMGLB7+ZrA21tM4wu2++977vzXsznSQQqWJstzBnnTh56vT8GfvsufMXFoqLF5+k8UD6vOHHQSy3Ol7KAxHxhhIq4FuJ5F7YCfhmZ+eB9m8OuUxFHD1Wo4S3Qq8Xia7wPQWoXbznBryrmrbjuI o/U5mYaDPxpBJe0M7GensDq7Y8vu44titFr69atpukAoh912btYolVmBnOYaOaGyXKx3q8WFgll7YpJp8GFBKniBTsgDxKMZtUJUYJsBZlwCQsYfycJmSDO0AUR4QHdAffHnbNHI2w15qpYfvIEmBJMB1aYl/Ye7bHPrEP7Dv7faRWZjT0WUb4d6ZcnrQXXlyu//ovK8RfUX/GOobxN1bC28UynH00Raw8tmIF1m1TqUDliUF0D/yp0nD8cq9+Z2Mpu8besB+o/jXbZR9RfzT86b+t8Y1XRl0aDqenpl+hyR/hhjL4hsC1mr6VlkE6pqfb+93Ru8x4ZtWEyF4CY2KmbbIclaGe33z/QJYY04NHoNbIIH3UKoCUoa3fjzB9GKBqB9jM75qu6VU2ZyjrM+CVVv99k4eNxkpltVKt3Syt3c+f6zxdoau0DJlbtEYPaZ0akH5Hn+krfbMeWak1srJp6Fwh51yiA8N6/gfTzNap</latexit><latexit sha1_base64="aHzorvlmaAwW98QgjkNaGnfgPlk=">AAADynichVLPaxNBFH7p+qOuP5rqRfCymFQqQpgUQSsIVS9ehKYxtpANYbOdJEP3F7OTaLLk5sl/wIMnBRHxz/DixaNK/wTxWMGLB7+ZrA21tM4wu2++977vzXsznSQQqWJstzBnnTh56vT8GfvsufMXFoqLF5+k8UD6vOHHQSy3Ol7KAxHxhhIq4FuJ5F7YCfhmZ+eB9m8OuUxFHD1Wo4S3Qq8Xia7wPQWoXbznBryrmrbjuI o/U5mYaDPxpBJe0M7GensDq7Y8vu44titFr69atpukAoh912btYolVmBnOYaOaGyXKx3q8WFgll7YpJp8GFBKniBTsgDxKMZtUJUYJsBZlwCQsYfycJmSDO0AUR4QHdAffHnbNHI2w15qpYfvIEmBJMB1aYl/Ye7bHPrEP7Dv7faRWZjT0WUb4d6ZcnrQXXlyu//ovK8RfUX/GOobxN1bC28UynH00Raw8tmIF1m1TqUDliUF0D/yp0nD8cq9+Z2Mpu8besB+o/jXbZR9RfzT86b+t8Y1XRl0aDqenpl+hyR/hhjL4hsC1mr6VlkE6pqfb+93Ru8x4ZtWEyF4CY2KmbbIclaGe33z/QJYY04NHoNbIIH3UKoCUoa3fjzB9GKBqB9jM75qu6VU2ZyjrM+CVVv99k4eNxkpltVKt3Syt3c+f6zxdoau0DJlbtEYPaZ0akH5Hn+krfbMeWak1srJp6Fwh51yiA8N6/gfTzNap</latexit>

Wave equations with the wall potential

Reflection rate is calculated as…
Initial condition Boundary condition

E = |pz|
<latexit sha1_base64="2I8JFpO/kDU34MihdTbEJ8ThpE8="></latexit><latexit sha1_base64="2I8JFpO/kDU34MihdTbEJ8ThpE8="></latexit><latexit sha1_base64="2I8JFpO/kDU34MihdTbEJ8ThpE8="></latexit><latexit sha1_base64="2I8JFpO/kDU34MihdTbEJ8ThpE8="></latexit>

 (z) =
⇣
⌫L(z), NR(z), NL(z)

⌘T

<latexit sha1_base64="Y6wTqMZdr3900rCOhln7vGq0GBE="></latexit><latexit sha1_base64="Y6wTqMZdr3900rCOhln7vGq0GBE="></latexit><latexit sha1_base64="Y6wTqMZdr3900rCOhln7vGq0GBE="></latexit><latexit sha1_base64="Y6wTqMZdr3900rCOhln7vGq0GBE="></latexit>

Q(z) =

0

@
�E mD(z) 0

�m†
D(z) E �M†

N (z)
0 MN (z) �E

1

A

<latexit sha1_base64="4+8SWnQ8U1G9load0j19pdQ88e8="></latexit><latexit sha1_base64="4+8SWnQ8U1G9load0j19pdQ88e8="></latexit><latexit sha1_base64="4+8SWnQ8U1G9load0j19pdQ88e8="></latexit><latexit sha1_base64="4+8SWnQ8U1G9load0j19pdQ88e8="></latexit>

* For anti-neutrinos, mD(z) ! �m⇤
D(z)

<latexit sha1_base64="88If2NwZ7djwf6NVSZtoJs18dbY="></latexit><latexit sha1_base64="88If2NwZ7djwf6NVSZtoJs18dbY="></latexit><latexit sha1_base64="88If2NwZ7djwf6NVSZtoJs18dbY="></latexit><latexit sha1_base64="88If2NwZ7djwf6NVSZtoJs18dbY="></latexit>

MN (z) ! �M⇤
N (z)

<latexit sha1_base64="svzkVBPyR185OH7dOn4AJVOpKG8="></latexit><latexit sha1_base64="svzkVBPyR185OH7dOn4AJVOpKG8="></latexit><latexit sha1_base64="svzkVBPyR185OH7dOn4AJVOpKG8="></latexit><latexit sha1_base64="svzkVBPyR185OH7dOn4AJVOpKG8="></latexit>

& Q(z)
<latexit sha1_base64="7y9dA2P4APHowCvvoFblDRN8N3E="></latexit><latexit sha1_base64="7y9dA2P4APHowCvvoFblDRN8N3E="></latexit><latexit sha1_base64="7y9dA2P4APHowCvvoFblDRN8N3E="></latexit><latexit sha1_base64="7y9dA2P4APHowCvvoFblDRN8N3E="></latexit>

in

e.g.,
withNR(0) = (1, 0, 0)

<latexit sha1_base64="B7oqmFdPhO8IuTaVhtToZjvaI/g="></latexit><latexit sha1_base64="B7oqmFdPhO8IuTaVhtToZjvaI/g="></latexit><latexit sha1_base64="B7oqmFdPhO8IuTaVhtToZjvaI/g="></latexit><latexit sha1_base64="B7oqmFdPhO8IuTaVhtToZjvaI/g="></latexit>

R(NR1 ! ⌫Le) = |⌫Le(0)|2
<latexit sha1_base64="4QcgY8KOGAyGPvUA45z7b74RKOQ=">AAAD0nichVI9bxNBEB3n+AjHR5zQINFY2EFOY60jJEgkpAgakBBKbEwi5Yx1d1nbq9yX9taOwuUKRIfoKahAokAU/Aga/kCKNFAjyiDRUPBufYkVooRd7d3sm3kz+2bXiTwRK8b2ChPGmbPnzk9eMC9eunxlqjg98zQOB9LlLTf0Qrnm2DH3RMBbSiiPr0WS277j8VVn837mXx1yGYsweKK2I9727V4gusK1FaBO8aHl26rv2l </latexit><latexit sha1_base64="4QcgY8KOGAyGPvUA45z7b74RKOQ=">AAAD0nichVI9bxNBEB3n+AjHR5zQINFY2EFOY60jJEgkpAgakBBKbEwi5Yx1d1nbq9yX9taOwuUKRIfoKahAokAU/Aga/kCKNFAjyiDRUPBufYkVooRd7d3sm3kz+2bXiTwRK8b2ChPGmbPnzk9eMC9eunxlqjg98zQOB9LlLTf0Qrnm2DH3RMBbSiiPr0WS277j8VVn837mXx1yGYsweKK2I9727V4gusK1FaBO8aHl26rv2l </latexit><latexit sha1_base64="4QcgY8KOGAyGPvUA45z7b74RKOQ=">AAAD0nichVI9bxNBEB3n+AjHR5zQINFY2EFOY60jJEgkpAgakBBKbEwi5Yx1d1nbq9yX9taOwuUKRIfoKahAokAU/Aga/kCKNFAjyiDRUPBufYkVooRd7d3sm3kz+2bXiTwRK8b2ChPGmbPnzk9eMC9eunxlqjg98zQOB9LlLTf0Qrnm2DH3RMBbSiiPr0WS277j8VVn837mXx1yGYsweKK2I9727V4gusK1FaBO8aHl26rv2l </latexit><latexit sha1_base64="4QcgY8KOGAyGPvUA45z7b74RKOQ=">AAAD0nichVI9bxNBEB3n+AjHR5zQINFY2EFOY60jJEgkpAgakBBKbEwi5Yx1d1nbq9yX9taOwuUKRIfoKahAokAU/Aga/kCKNFAjyiDRUPBufYkVooRd7d3sm3kz+2bXiTwRK8b2ChPGmbPnzk9eMC9eunxlqjg98zQOB9LlLTf0Qrnm2DH3RMBbSiiPr0WS277j8VVn837mXx1yGYsweKK2I9727V4gusK1FaBO8aHl26rv2l </latexit>

&   (�W ) = 0
<latexit sha1_base64="G1+n1rSrn8YTOC/kcmJazjHX3iY="></latexit><latexit sha1_base64="G1+n1rSrn8YTOC/kcmJazjHX3iY="></latexit><latexit sha1_base64="G1+n1rSrn8YTOC/kcmJazjHX3iY="></latexit><latexit sha1_base64="G1+n1rSrn8YTOC/kcmJazjHX3iY="></latexit>

bu
bb

le
 w

al
l

0

Symmetric  
    phase

z
<latexit sha1_base64="CABDvcwtMdUw++DeJI8zoIqoFp0="></latexit><latexit sha1_base64="CABDvcwtMdUw++DeJI8zoIqoFp0="></latexit><latexit sha1_base64="CABDvcwtMdUw++DeJI8zoIqoFp0="></latexit><latexit sha1_base64="CABDvcwtMdUw++DeJI8zoIqoFp0="></latexit>

�W
<latexit sha1_base64="Xz7NPXv/uBFzNg/3des2G4HQqhc="></latexit><latexit sha1_base64="Xz7NPXv/uBFzNg/3des2G4HQqhc="></latexit><latexit sha1_base64="Xz7NPXv/uBFzNg/3des2G4HQqhc="></latexit><latexit sha1_base64="Xz7NPXv/uBFzNg/3des2G4HQqhc="></latexit>

⌫Le
<latexit sha1_base64="0jFNhJ2Gkiaj2uRn4nxZf0WxvSU="></latexit><latexit sha1_base64="0jFNhJ2Gkiaj2uRn4nxZf0WxvSU="></latexit><latexit sha1_base64="0jFNhJ2Gkiaj2uRn4nxZf0WxvSU="></latexit><latexit sha1_base64="0jFNhJ2Gkiaj2uRn4nxZf0WxvSU="></latexit>

NR1
<latexit sha1_base64="i57WhIait6tb4EKZovo9AeOZIYE="></latexit><latexit sha1_base64="i57WhIait6tb4EKZovo9AeOZIYE="></latexit><latexit sha1_base64="i57WhIait6tb4EKZovo9AeOZIYE="></latexit><latexit sha1_base64="i57WhIait6tb4EKZovo9AeOZIYE="></latexit>

mD(z) =
yDp
2
vH(z)

<latexit sha1_base64="hHSTSIcQD0sTdg+bRqyKp7Do0dk="></latexit><latexit sha1_base64="hHSTSIcQD0sTdg+bRqyKp7Do0dk="></latexit><latexit sha1_base64="hHSTSIcQD0sTdg+bRqyKp7Do0dk="></latexit><latexit sha1_base64="hHSTSIcQD0sTdg+bRqyKp7Do0dk="></latexit>

MN (z) = YNv�(z)
<latexit sha1_base64="Xg0pZIOH7yl/sjvsM2oGhNXj9sQ="></latexit><latexit sha1_base64="Xg0pZIOH7yl/sjvsM2oGhNXj9sQ="></latexit><latexit sha1_base64="Xg0pZIOH7yl/sjvsM2oGhNXj9sQ="></latexit><latexit sha1_base64="Xg0pZIOH7yl/sjvsM2oGhNXj9sQ="></latexit>



Leptonic CPV at wall front
A “wise choice” of the Yukawa structure is…

Bubble wall properties

Doublet
Wall width

Wall speed

Here we simply assume

vW = 0.1c
<latexit sha1_base64="VqRuLbYs/U4GW6UoMTQDD3IiCjM="></latexit><latexit sha1_base64="VqRuLbYs/U4GW6UoMTQDD3IiCjM="></latexit><latexit sha1_base64="VqRuLbYs/U4GW6UoMTQDD3IiCjM="></latexit><latexit sha1_base64="VqRuLbYs/U4GW6UoMTQDD3IiCjM="></latexit>

�W = {0.10, 0.15}GeV�1
<latexit sha1_base64="Fgl1XZV7DeNE08k5qSPWRuOnP4I="></latexit><latexit sha1_base64="Fgl1XZV7DeNE08k5qSPWRuOnP4I="></latexit><latexit sha1_base64="Fgl1XZV7DeNE08k5qSPWRuOnP4I="></latexit><latexit sha1_base64="Fgl1XZV7DeNE08k5qSPWRuOnP4I="></latexit>

- thin wall regime

Sin
gle

t

Wall width
* All the properties must be determined 
   from the scalar potential at     .Tc

<latexit sha1_base64="+Us921vdhSHSc1RNsNx2wOrCt+E="></latexit><latexit sha1_base64="+Us921vdhSHSc1RNsNx2wOrCt+E="></latexit><latexit sha1_base64="+Us921vdhSHSc1RNsNx2wOrCt+E="></latexit><latexit sha1_base64="+Us921vdhSHSc1RNsNx2wOrCt+E="></latexit>

(              ,              )✓ = ⇡/4
<latexit sha1_base64="PO60N7JSAnl2yrgmjhoeotXm+Gk="></latexit><latexit sha1_base64="PO60N7JSAnl2yrgmjhoeotXm+Gk="></latexit><latexit sha1_base64="PO60N7JSAnl2yrgmjhoeotXm+Gk="></latexit><latexit sha1_base64="PO60N7JSAnl2yrgmjhoeotXm+Gk="></latexit>

� = ⇡/2
<latexit sha1_base64="mLrgdBx0eCpgI8HKruAXNnaC7OI="></latexit><latexit sha1_base64="mLrgdBx0eCpgI8HKruAXNnaC7OI="></latexit><latexit sha1_base64="mLrgdBx0eCpgI8HKruAXNnaC7OI="></latexit><latexit sha1_base64="mLrgdBx0eCpgI8HKruAXNnaC7OI="></latexit>

m̂D = m̂D⌧

✓
1p
2
, 0, 1

◆

<latexit sha1_base64="KqBhHNng1UALXeoooznKb0LsKDE="></latexit><latexit sha1_base64="KqBhHNng1UALXeoooznKb0LsKDE="></latexit><latexit sha1_base64="KqBhHNng1UALXeoooznKb0LsKDE="></latexit><latexit sha1_base64="KqBhHNng1UALXeoooznKb0LsKDE="></latexit>

U` =
<latexit sha1_base64="53FM9Le7xR/hxfILOSwnKcCGIPc="></latexit><latexit sha1_base64="53FM9Le7xR/hxfILOSwnKcCGIPc="></latexit><latexit sha1_base64="53FM9Le7xR/hxfILOSwnKcCGIPc="></latexit><latexit sha1_base64="53FM9Le7xR/hxfILOSwnKcCGIPc="></latexit>

maximal mixing and phase in 
To enhance dCP

<latexit sha1_base64="BJDIYNBA/u+BSNvxkVoj1/89Lqc="></latexit><latexit sha1_base64="BJDIYNBA/u+BSNvxkVoj1/89Lqc="></latexit><latexit sha1_base64="BJDIYNBA/u+BSNvxkVoj1/89Lqc="></latexit><latexit sha1_base64="BJDIYNBA/u+BSNvxkVoj1/89Lqc="></latexit>

mass hierarchy in m̂D
<latexit sha1_base64="laet54fXv7aaEWuf/zgzRjXyVzA="></latexit><latexit sha1_base64="laet54fXv7aaEWuf/zgzRjXyVzA="></latexit><latexit sha1_base64="laet54fXv7aaEWuf/zgzRjXyVzA="></latexit><latexit sha1_base64="laet54fXv7aaEWuf/zgzRjXyVzA="></latexit>

To avoid the tight bound to (⇥⇥†)µµ
<latexit sha1_base64="zKf9is+ZQbcEjbOkbxU36BnFEcg="></latexit><latexit sha1_base64="zKf9is+ZQbcEjbOkbxU36BnFEcg="></latexit><latexit sha1_base64="zKf9is+ZQbcEjbOkbxU36BnFEcg="></latexit><latexit sha1_base64="zKf9is+ZQbcEjbOkbxU36BnFEcg="></latexit>

mD = U`m̂DV †
<latexit sha1_base64="ju/2C26zCJqAX0IQ43jn+83Ae24="></latexit><latexit sha1_base64="ju/2C26zCJqAX0IQ43jn+83Ae24="></latexit><latexit sha1_base64="ju/2C26zCJqAX0IQ43jn+83Ae24="></latexit><latexit sha1_base64="ju/2C26zCJqAX0IQ43jn+83Ae24="></latexit>

V
<latexit sha1_base64="//YDAKxzcxSghHpfLPY93MLe+0k="></latexit><latexit sha1_base64="//YDAKxzcxSghHpfLPY93MLe+0k="></latexit><latexit sha1_base64="//YDAKxzcxSghHpfLPY93MLe+0k="></latexit><latexit sha1_base64="//YDAKxzcxSghHpfLPY93MLe+0k="></latexit>

V
<latexit sha1_base64="q0NaXmWKsP2RZOIexBWiruItzaI="></latexit><latexit sha1_base64="q0NaXmWKsP2RZOIexBWiruItzaI="></latexit><latexit sha1_base64="q0NaXmWKsP2RZOIexBWiruItzaI="></latexit><latexit sha1_base64="q0NaXmWKsP2RZOIexBWiruItzaI="></latexit>

n

<latexit sha1_base64="jDfVWaBDGQl8SJqkGJYkiwkyzGA="></latexit><latexit sha1_base64="jDfVWaBDGQl8SJqkGJYkiwkyzGA="></latexit><latexit sha1_base64="jDfVWaBDGQl8SJqkGJYkiwkyzGA="></latexit><latexit sha1_base64="jDfVWaBDGQl8SJqkGJYkiwkyzGA="></latexit>



Leptonic CPV at wall front
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R
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<latexit sha1_base64="PH9zhpyI/LKoWw6iJBzw0KEd3Uo="></latexit><latexit sha1_base64="PH9zhpyI/LKoWw6iJBzw0KEd3Uo="></latexit><latexit sha1_base64="PH9zhpyI/LKoWw6iJBzw0KEd3Uo="></latexit><latexit sha1_base64="PH9zhpyI/LKoWw6iJBzw0KEd3Uo="></latexit>

+ Transmission:  �T ⌘ T (NL ! ⌫L↵)� T (NL ! ⌫L↵)
<latexit sha1_base64="/JNPLIGWir4MXwXGi3iTM68SR3s="></latexit><latexit sha1_base64="/JNPLIGWir4MXwXGi3iTM68SR3s="></latexit><latexit sha1_base64="/JNPLIGWir4MXwXGi3iTM68SR3s="></latexit><latexit sha1_base64="/JNPLIGWir4MXwXGi3iTM68SR3s="></latexit>

CPV after reflection

bu
bb

le
 w

al
l

Symmetric  
    phase

NR1
<latexit sha1_base64="i57WhIait6tb4EKZovo9AeOZIYE="></latexit><latexit sha1_base64="i57WhIait6tb4EKZovo9AeOZIYE="></latexit><latexit sha1_base64="i57WhIait6tb4EKZovo9AeOZIYE="></latexit><latexit sha1_base64="i57WhIait6tb4EKZovo9AeOZIYE="></latexit>

⌫L↵
<latexit sha1_base64="iiqg+T4jlVCToxmGcsUKZ9sC/PE="></latexit><latexit sha1_base64="iiqg+T4jlVCToxmGcsUKZ9sC/PE="></latexit><latexit sha1_base64="iiqg+T4jlVCToxmGcsUKZ9sC/PE="></latexit><latexit sha1_base64="iiqg+T4jlVCToxmGcsUKZ9sC/PE="></latexit>

NR1
<latexit sha1_base64="d38P+jxSpzkiGbf1JypmDj2sQ4g="></latexit><latexit sha1_base64="d38P+jxSpzkiGbf1JypmDj2sQ4g="></latexit><latexit sha1_base64="d38P+jxSpzkiGbf1JypmDj2sQ4g="></latexit><latexit sha1_base64="d38P+jxSpzkiGbf1JypmDj2sQ4g="></latexit>

⌫L↵
<latexit sha1_base64="dO+swEu/9mo02OcokqjEFjKigX8="></latexit><latexit sha1_base64="dO+swEu/9mo02OcokqjEFjKigX8="></latexit><latexit sha1_base64="dO+swEu/9mo02OcokqjEFjKigX8="></latexit><latexit sha1_base64="dO+swEu/9mo02OcokqjEFjKigX8="></latexit>

=
6= <latexit sha1_base64="XzG+ohNjwQJ5HT3WCxkOjA3br60="></latexit><latexit sha1_base64="XzG+ohNjwQJ5HT3WCxkOjA3br60="></latexit><latexit sha1_base64="XzG+ohNjwQJ5HT3WCxkOjA3br60="></latexit><latexit sha1_base64="XzG+ohNjwQJ5HT3WCxkOjA3br60="></latexit>

m_Dtau is fixed to be maximal within the non-unitarity bound?



  Step 2&3: Diffusion equations

n⌫L
<latexit sha1_base64="EVHgWhF8An3YKinpZdTRRwu/KyE="></latexit><latexit sha1_base64="EVHgWhF8An3YKinpZdTRRwu/KyE="></latexit><latexit sha1_base64="EVHgWhF8An3YKinpZdTRRwu/KyE="></latexit><latexit sha1_base64="EVHgWhF8An3YKinpZdTRRwu/KyE="></latexit>

Sphaleron nB
<latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit><latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit><latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit><latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit>

the broken phase
nB

<latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit><latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit><latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit><latexit sha1_base64="FKlJwOHFENtAkhtNHSyO+LV6QZg="></latexit>

frozen out
Transport to



CPV to final baryon number
Total CPV flux at the wall frontX

↵
<latexit sha1_base64="BAR5M1GE3MxM4gKoJbcdQXHiIiA="></latexit><latexit sha1_base64="BAR5M1GE3MxM4gKoJbcdQXHiIiA="></latexit><latexit sha1_base64="BAR5M1GE3MxM4gKoJbcdQXHiIiA="></latexit><latexit sha1_base64="BAR5M1GE3MxM4gKoJbcdQXHiIiA="></latexit>

j⌫L
<latexit sha1_base64="MC9/wXB550ORNyZSETKXPBWXcLA=">AAADknichVJNb9NAEJ3UQEv4aAtCQuISkRRxijaoEhQupb1w6KFtCK2URJHtbpul9tpa20HFyh/gXnFAAoHEAfEzuPAHOPQnII5F4sKBtxPTqFQtu1p79s28mX2z68WBSlIhDkoTzrnzFyanLpYvXb5ydXpm9tqzJMqML1t+FERm03MTGSgtW6lKA7kZG+mGXiA3vN1l698YSJOoSD9N92LZDd0drbaV76aA2s97eUdnvXxlOO zNVEVd8KicNBqFUaVirEazpQXq0BZF5FNGIUnSlMIOyKUEs00NEhQD61IOzMBS7Jc0pDK4GaIkIlygu/juYNcuUI29zZkw20eVAMuAWaE58U18Eofiq/gsvovfp+bKOYc9yx7+3ogr4970q5vNX/9lhfin1B+zzmD8jTXwbmMx5whNEGvOVJyC9YCVKiiPGbE98EeZBi9fHzYfrs/ld8QH8QPq34sD8QX69eCn/3FNrr/h7IY5kl5wv0Kur3FDOXwD4DabvZUuIx73dOuoO3aXs2esJkT1KhhDnmWuclqFZnHz/WNVIkwXHgWtmpE+tCogNeS270dxHzKorgAb+zvcNbtqfIaaPQNeaePfN3nSaN2rL9Qba/PVxaXiuU7RLbpNd5HmPi3SE1qlFkvYp7f0zrnhPHIeO8uj0IlSwblOx4az8geZL8Vz</latexit><latexit sha1_base64="MC9/wXB550ORNyZSETKXPBWXcLA=">AAADknichVJNb9NAEJ3UQEv4aAtCQuISkRRxijaoEhQupb1w6KFtCK2URJHtbpul9tpa20HFyh/gXnFAAoHEAfEzuPAHOPQnII5F4sKBtxPTqFQtu1p79s28mX2z68WBSlIhDkoTzrnzFyanLpYvXb5ydXpm9tqzJMqML1t+FERm03MTGSgtW6lKA7kZG+mGXiA3vN1l698YSJOoSD9N92LZDd0drbaV76aA2s97eUdnvXxlOO zNVEVd8KicNBqFUaVirEazpQXq0BZF5FNGIUnSlMIOyKUEs00NEhQD61IOzMBS7Jc0pDK4GaIkIlygu/juYNcuUI29zZkw20eVAMuAWaE58U18Eofiq/gsvovfp+bKOYc9yx7+3ogr4970q5vNX/9lhfin1B+zzmD8jTXwbmMx5whNEGvOVJyC9YCVKiiPGbE98EeZBi9fHzYfrs/ld8QH8QPq34sD8QX69eCn/3FNrr/h7IY5kl5wv0Kur3FDOXwD4DabvZUuIx73dOuoO3aXs2esJkT1KhhDnmWuclqFZnHz/WNVIkwXHgWtmpE+tCogNeS270dxHzKorgAb+zvcNbtqfIaaPQNeaePfN3nSaN2rL9Qba/PVxaXiuU7RLbpNd5HmPi3SE1qlFkvYp7f0zrnhPHIeO8uj0IlSwblOx4az8geZL8Vz</latexit><latexit sha1_base64="MC9/wXB550ORNyZSETKXPBWXcLA=">AAADknichVJNb9NAEJ3UQEv4aAtCQuISkRRxijaoEhQupb1w6KFtCK2URJHtbpul9tpa20HFyh/gXnFAAoHEAfEzuPAHOPQnII5F4sKBtxPTqFQtu1p79s28mX2z68WBSlIhDkoTzrnzFyanLpYvXb5ydXpm9tqzJMqML1t+FERm03MTGSgtW6lKA7kZG+mGXiA3vN1l698YSJOoSD9N92LZDd0drbaV76aA2s97eUdnvXxlOO zNVEVd8KicNBqFUaVirEazpQXq0BZF5FNGIUnSlMIOyKUEs00NEhQD61IOzMBS7Jc0pDK4GaIkIlygu/juYNcuUI29zZkw20eVAMuAWaE58U18Eofiq/gsvovfp+bKOYc9yx7+3ogr4970q5vNX/9lhfin1B+zzmD8jTXwbmMx5whNEGvOVJyC9YCVKiiPGbE98EeZBi9fHzYfrs/ld8QH8QPq34sD8QX69eCn/3FNrr/h7IY5kl5wv0Kur3FDOXwD4DabvZUuIx73dOuoO3aXs2esJkT1KhhDnmWuclqFZnHz/WNVIkwXHgWtmpE+tCogNeS270dxHzKorgAb+zvcNbtqfIaaPQNeaePfN3nSaN2rL9Qba/PVxaXiuU7RLbpNd5HmPi3SE1qlFkvYp7f0zrnhPHIeO8uj0IlSwblOx4az8geZL8Vz</latexit><latexit sha1_base64="MC9/wXB550ORNyZSETKXPBWXcLA=">AAADknichVJNb9NAEJ3UQEv4aAtCQuISkRRxijaoEhQupb1w6KFtCK2URJHtbpul9tpa20HFyh/gXnFAAoHEAfEzuPAHOPQnII5F4sKBtxPTqFQtu1p79s28mX2z68WBSlIhDkoTzrnzFyanLpYvXb5ydXpm9tqzJMqML1t+FERm03MTGSgtW6lKA7kZG+mGXiA3vN1l698YSJOoSD9N92LZDd0drbaV76aA2s97eUdnvXxlOO zNVEVd8KicNBqFUaVirEazpQXq0BZF5FNGIUnSlMIOyKUEs00NEhQD61IOzMBS7Jc0pDK4GaIkIlygu/juYNcuUI29zZkw20eVAMuAWaE58U18Eofiq/gsvovfp+bKOYc9yx7+3ogr4970q5vNX/9lhfin1B+zzmD8jTXwbmMx5whNEGvOVJyC9YCVKiiPGbE98EeZBi9fHzYfrs/ld8QH8QPq34sD8QX69eCn/3FNrr/h7IY5kl5wv0Kur3FDOXwD4DabvZUuIx73dOuoO3aXs2esJkT1KhhDnmWuclqFZnHz/WNVIkwXHgWtmpE+tCogNeS270dxHzKorgAb+zvcNbtqfIaaPQNeaePfN3nSaN2rL9Qba/PVxaXiuU7RLbpNd5HmPi3SE1qlFkvYp7f0zrnhPHIeO8uj0IlSwblOx4az8geZL8Vz</latexit>

= �R(NRi ! ⌫L↵)
<latexit sha1_base64="qpyMH7bBt2g0QQX/PfL4MG6wg9s="></latexit><latexit sha1_base64="qpyMH7bBt2g0QQX/PfL4MG6wg9s="></latexit><latexit sha1_base64="qpyMH7bBt2g0QQX/PfL4MG6wg9s="></latexit><latexit sha1_base64="qpyMH7bBt2g0QQX/PfL4MG6wg9s="></latexit>

X

i
<latexit sha1_base64="6Jlk3xUY+PyDOqt3rsvpUFeeq58="></latexit><latexit sha1_base64="6Jlk3xUY+PyDOqt3rsvpUFeeq58="></latexit><latexit sha1_base64="6Jlk3xUY+PyDOqt3rsvpUFeeq58="></latexit><latexit sha1_base64="6Jlk3xUY+PyDOqt3rsvpUFeeq58="></latexit>

⇥
<latexit sha1_base64="iQFl299MsBI/ZbJO8x9zoMtiX2Q="></latexit><latexit sha1_base64="iQFl299MsBI/ZbJO8x9zoMtiX2Q="></latexit><latexit sha1_base64="iQFl299MsBI/ZbJO8x9zoMtiX2Q="></latexit><latexit sha1_base64="iQFl299MsBI/ZbJO8x9zoMtiX2Q="></latexit> (distribution func.of       )

Z
d3pNRi

<latexit sha1_base64="vuBsOnkIeAXG2IKZ5ilMQWvESqo="></latexit><latexit sha1_base64="vuBsOnkIeAXG2IKZ5ilMQWvESqo="></latexit><latexit sha1_base64="vuBsOnkIeAXG2IKZ5ilMQWvESqo="></latexit><latexit sha1_base64="vuBsOnkIeAXG2IKZ5ilMQWvESqo="></latexit>

+ Contribution from Transmission

NRi
<latexit sha1_base64="1OUhy5y9lNfTNXXTtjZ6HWxAxWo="></latexit><latexit sha1_base64="1OUhy5y9lNfTNXXTtjZ6HWxAxWo="></latexit><latexit sha1_base64="1OUhy5y9lNfTNXXTtjZ6HWxAxWo="></latexit><latexit sha1_base64="1OUhy5y9lNfTNXXTtjZ6HWxAxWo="></latexit>

We’ve calculated



CPV to final baryon number
Total CPV flux at the wall front

Diffusion (transportation) equations

Let us calculate                       and compare to the observation…

DL@
2
znL � vW@znL � 3�S✓(�z)nB � �S✓(�z)nL = ⇠Lj⌫L@z�(z)

<latexit sha1_base64="AovBcVCkebwLeD4mUyEKe94dh5c=">AAAEO3ichVI7bxNBEJ7L8QjHIw40kWhO2EFJEWsdIkGQQFFASgqKJMY4Us6c9s6beJN76W5tEp/uD/AHKKhAokB0/AAaGv4ARXoaHl1ANBTMrg9bJoqzq72b/eb7ZnZm14k8nghCDrUx/czZc+fHLxgXL12+MlGYvPokCduxy2pu6IXxpkMT5vGA1QQXHtuMYkZ9x2N1Z++B9Nc7LE54GDwWBxFr+HQn4NvcpQIhu/D+oZ0+yg </latexit><latexit sha1_base64="AovBcVCkebwLeD4mUyEKe94dh5c=">AAAEO3ichVI7bxNBEJ7L8QjHIw40kWhO2EFJEWsdIkGQQFFASgqKJMY4Us6c9s6beJN76W5tEp/uD/AHKKhAokB0/AAaGv4ARXoaHl1ANBTMrg9bJoqzq72b/eb7ZnZm14k8nghCDrUx/czZc+fHLxgXL12+MlGYvPokCduxy2pu6IXxpkMT5vGA1QQXHtuMYkZ9x2N1Z++B9Nc7LE54GDwWBxFr+HQn4NvcpQIhu/D+oZ0+yg </latexit><latexit sha1_base64="AovBcVCkebwLeD4mUyEKe94dh5c=">AAAEO3ichVI7bxNBEJ7L8QjHIw40kWhO2EFJEWsdIkGQQFFASgqKJMY4Us6c9s6beJN76W5tEp/uD/AHKKhAokB0/AAaGv4ARXoaHl1ANBTMrg9bJoqzq72b/eb7ZnZm14k8nghCDrUx/czZc+fHLxgXL12+MlGYvPokCduxy2pu6IXxpkMT5vGA1QQXHtuMYkZ9x2N1Z++B9Nc7LE54GDwWBxFr+HQn4NvcpQIhu/D+oZ0+yg </latexit><latexit sha1_base64="AovBcVCkebwLeD4mUyEKe94dh5c=">AAAEO3ichVI7bxNBEJ7L8QjHIw40kWhO2EFJEWsdIkGQQFFASgqKJMY4Us6c9s6beJN76W5tEp/uD/AHKKhAokB0/AAaGv4ARXoaHl1ANBTMrg9bJoqzq72b/eb7ZnZm14k8nghCDrUx/czZc+fHLxgXL12+MlGYvPokCduxy2pu6IXxpkMT5vGA1QQXHtuMYkZ9x2N1Z++B9Nc7LE54GDwWBxFr+HQn4NvcpQIhu/D+oZ0+yg </latexit>

DB@
2
znB � vW@znB � 3�S✓(�z)nB � �S✓(�z)nL = 0

<latexit sha1_base64="TZW8y1YQVxCt48vmUBrl2O5h7Cg=">AAAEEnichVLNaxNBFH/b9aOuH00VQRB0ManUQ8OkClpBKFXQg4e2MabQxGV2O22G7he7k9Vm2D9A7+LBk4IH8U/wJL148Oqhf4J48FDBiwffTNaEWBpnmN03v/d+783vzbixz1NByJ4xYR45euz45Anr5KnTZ6ZK02cfp1E38VjDi/woWXNpynwesobgwmdrccJo4Pqs6W7fVf5mxpKUR+EjsROzdkC3Qr7JPSoQckrP7zlyKb </latexit><latexit sha1_base64="TZW8y1YQVxCt48vmUBrl2O5h7Cg=">AAAEEnichVLNaxNBFH/b9aOuH00VQRB0ManUQ8OkClpBKFXQg4e2MabQxGV2O22G7he7k9Vm2D9A7+LBk4IH8U/wJL148Oqhf4J48FDBiwffTNaEWBpnmN03v/d+783vzbixz1NByJ4xYR45euz45Anr5KnTZ6ZK02cfp1E38VjDi/woWXNpynwesobgwmdrccJo4Pqs6W7fVf5mxpKUR+EjsROzdkC3Qr7JPSoQckrP7zlyKb </latexit><latexit sha1_base64="TZW8y1YQVxCt48vmUBrl2O5h7Cg=">AAAEEnichVLNaxNBFH/b9aOuH00VQRB0ManUQ8OkClpBKFXQg4e2MabQxGV2O22G7he7k9Vm2D9A7+LBk4IH8U/wJL148Oqhf4J48FDBiwffTNaEWBpnmN03v/d+783vzbixz1NByJ4xYR45euz45Anr5KnTZ6ZK02cfp1E38VjDi/woWXNpynwesobgwmdrccJo4Pqs6W7fVf5mxpKUR+EjsROzdkC3Qr7JPSoQckrP7zlyKb </latexit><latexit sha1_base64="TZW8y1YQVxCt48vmUBrl2O5h7Cg=">AAAEEnichVLNaxNBFH/b9aOuH00VQRB0ManUQ8OkClpBKFXQg4e2MabQxGV2O22G7he7k9Vm2D9A7+LBk4IH8U/wJL148Oqhf4J48FDBiwffTNaEWBpnmN03v/d+783vzbixz1NByJ4xYR45euz45Anr5KnTZ6ZK02cfp1E38VjDi/woWXNpynwesobgwmdrccJo4Pqs6W7fVf5mxpKUR+EjsROzdkC3Qr7JPSoQckrP7zlyKb </latexit>

DBDL
3 � vW (DB +DL)

2 +
⇥
v2W � �S(DB + 3DL)

⇤
+ 4vW�S = 0

<latexit sha1_base64="Peq7eI0dJB7KDsDr3kj0LwFeZh4="></latexit><latexit sha1_base64="Peq7eI0dJB7KDsDr3kj0LwFeZh4="></latexit><latexit sha1_base64="Peq7eI0dJB7KDsDr3kj0LwFeZh4="></latexit><latexit sha1_base64="Peq7eI0dJB7KDsDr3kj0LwFeZh4="></latexit>

are given as the two positive solutions of the following cubic eq. 1,2
<latexit sha1_base64="4nz1wyw2r6fOqv6FNLC2ksjROTI="></latexit><latexit sha1_base64="4nz1wyw2r6fOqv6FNLC2ksjROTI="></latexit><latexit sha1_base64="4nz1wyw2r6fOqv6FNLC2ksjROTI="></latexit><latexit sha1_base64="4nz1wyw2r6fOqv6FNLC2ksjROTI="></latexit>
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↵
<latexit sha1_base64="BAR5M1GE3MxM4gKoJbcdQXHiIiA="></latexit><latexit sha1_base64="BAR5M1GE3MxM4gKoJbcdQXHiIiA="></latexit><latexit sha1_base64="BAR5M1GE3MxM4gKoJbcdQXHiIiA="></latexit><latexit sha1_base64="BAR5M1GE3MxM4gKoJbcdQXHiIiA="></latexit>

j⌫L
<latexit sha1_base64="MC9/wXB550ORNyZSETKXPBWXcLA=">AAADknichVJNb9NAEJ3UQEv4aAtCQuISkRRxijaoEhQupb1w6KFtCK2URJHtbpul9tpa20HFyh/gXnFAAoHEAfEzuPAHOPQnII5F4sKBtxPTqFQtu1p79s28mX2z68WBSlIhDkoTzrnzFyanLpYvXb5ydXpm9tqzJMqML1t+FERm03MTGSgtW6lKA7kZG+mGXiA3vN1l698YSJOoSD9N92LZDd0drbaV76aA2s97eUdnvXxlOO zNVEVd8KicNBqFUaVirEazpQXq0BZF5FNGIUnSlMIOyKUEs00NEhQD61IOzMBS7Jc0pDK4GaIkIlygu/juYNcuUI29zZkw20eVAMuAWaE58U18Eofiq/gsvovfp+bKOYc9yx7+3ogr4970q5vNX/9lhfin1B+zzmD8jTXwbmMx5whNEGvOVJyC9YCVKiiPGbE98EeZBi9fHzYfrs/ld8QH8QPq34sD8QX69eCn/3FNrr/h7IY5kl5wv0Kur3FDOXwD4DabvZUuIx73dOuoO3aXs2esJkT1KhhDnmWuclqFZnHz/WNVIkwXHgWtmpE+tCogNeS270dxHzKorgAb+zvcNbtqfIaaPQNeaePfN3nSaN2rL9Qba/PVxaXiuU7RLbpNd5HmPi3SE1qlFkvYp7f0zrnhPHIeO8uj0IlSwblOx4az8geZL8Vz</latexit><latexit sha1_base64="MC9/wXB550ORNyZSETKXPBWXcLA=">AAADknichVJNb9NAEJ3UQEv4aAtCQuISkRRxijaoEhQupb1w6KFtCK2URJHtbpul9tpa20HFyh/gXnFAAoHEAfEzuPAHOPQnII5F4sKBtxPTqFQtu1p79s28mX2z68WBSlIhDkoTzrnzFyanLpYvXb5ydXpm9tqzJMqML1t+FERm03MTGSgtW6lKA7kZG+mGXiA3vN1l698YSJOoSD9N92LZDd0drbaV76aA2s97eUdnvXxlOO zNVEVd8KicNBqFUaVirEazpQXq0BZF5FNGIUnSlMIOyKUEs00NEhQD61IOzMBS7Jc0pDK4GaIkIlygu/juYNcuUI29zZkw20eVAMuAWaE58U18Eofiq/gsvovfp+bKOYc9yx7+3ogr4970q5vNX/9lhfin1B+zzmD8jTXwbmMx5whNEGvOVJyC9YCVKiiPGbE98EeZBi9fHzYfrs/ld8QH8QPq34sD8QX69eCn/3FNrr/h7IY5kl5wv0Kur3FDOXwD4DabvZUuIx73dOuoO3aXs2esJkT1KhhDnmWuclqFZnHz/WNVIkwXHgWtmpE+tCogNeS270dxHzKorgAb+zvcNbtqfIaaPQNeaePfN3nSaN2rL9Qba/PVxaXiuU7RLbpNd5HmPi3SE1qlFkvYp7f0zrnhPHIeO8uj0IlSwblOx4az8geZL8Vz</latexit><latexit sha1_base64="MC9/wXB550ORNyZSETKXPBWXcLA=">AAADknichVJNb9NAEJ3UQEv4aAtCQuISkRRxijaoEhQupb1w6KFtCK2URJHtbpul9tpa20HFyh/gXnFAAoHEAfEzuPAHOPQnII5F4sKBtxPTqFQtu1p79s28mX2z68WBSlIhDkoTzrnzFyanLpYvXb5ydXpm9tqzJMqML1t+FERm03MTGSgtW6lKA7kZG+mGXiA3vN1l698YSJOoSD9N92LZDd0drbaV76aA2s97eUdnvXxlOO zNVEVd8KicNBqFUaVirEazpQXq0BZF5FNGIUnSlMIOyKUEs00NEhQD61IOzMBS7Jc0pDK4GaIkIlygu/juYNcuUI29zZkw20eVAMuAWaE58U18Eofiq/gsvovfp+bKOYc9yx7+3ogr4970q5vNX/9lhfin1B+zzmD8jTXwbmMx5whNEGvOVJyC9YCVKiiPGbE98EeZBi9fHzYfrs/ld8QH8QPq34sD8QX69eCn/3FNrr/h7IY5kl5wv0Kur3FDOXwD4DabvZUuIx73dOuoO3aXs2esJkT1KhhDnmWuclqFZnHz/WNVIkwXHgWtmpE+tCogNeS270dxHzKorgAb+zvcNbtqfIaaPQNeaePfN3nSaN2rL9Qba/PVxaXiuU7RLbpNd5HmPi3SE1qlFkvYp7f0zrnhPHIeO8uj0IlSwblOx4az8geZL8Vz</latexit><latexit sha1_base64="MC9/wXB550ORNyZSETKXPBWXcLA=">AAADknichVJNb9NAEJ3UQEv4aAtCQuISkRRxijaoEhQupb1w6KFtCK2URJHtbpul9tpa20HFyh/gXnFAAoHEAfEzuPAHOPQnII5F4sKBtxPTqFQtu1p79s28mX2z68WBSlIhDkoTzrnzFyanLpYvXb5ydXpm9tqzJMqML1t+FERm03MTGSgtW6lKA7kZG+mGXiA3vN1l698YSJOoSD9N92LZDd0drbaV76aA2s97eUdnvXxlOO zNVEVd8KicNBqFUaVirEazpQXq0BZF5FNGIUnSlMIOyKUEs00NEhQD61IOzMBS7Jc0pDK4GaIkIlygu/juYNcuUI29zZkw20eVAMuAWaE58U18Eofiq/gsvovfp+bKOYc9yx7+3ogr4970q5vNX/9lhfin1B+zzmD8jTXwbmMx5whNEGvOVJyC9YCVKiiPGbE98EeZBi9fHzYfrs/ld8QH8QPq34sD8QX69eCn/3FNrr/h7IY5kl5wv0Kur3FDOXwD4DabvZUuIx73dOuoO3aXs2esJkT1KhhDnmWuclqFZnHz/WNVIkwXHgWtmpE+tCogNeS270dxHzKorgAb+zvcNbtqfIaaPQNeaePfN3nSaN2rL9Qba/PVxaXiuU7RLbpNd5HmPi3SE1qlFkvYp7f0zrnhPHIeO8uj0IlSwblOx4az8geZL8Vz</latexit>

= �R(NRi ! ⌫L↵)
<latexit sha1_base64="qpyMH7bBt2g0QQX/PfL4MG6wg9s="></latexit><latexit sha1_base64="qpyMH7bBt2g0QQX/PfL4MG6wg9s="></latexit><latexit sha1_base64="qpyMH7bBt2g0QQX/PfL4MG6wg9s="></latexit><latexit sha1_base64="qpyMH7bBt2g0QQX/PfL4MG6wg9s="></latexit>

X

i
<latexit sha1_base64="6Jlk3xUY+PyDOqt3rsvpUFeeq58="></latexit><latexit sha1_base64="6Jlk3xUY+PyDOqt3rsvpUFeeq58="></latexit><latexit sha1_base64="6Jlk3xUY+PyDOqt3rsvpUFeeq58="></latexit><latexit sha1_base64="6Jlk3xUY+PyDOqt3rsvpUFeeq58="></latexit>

⇥
<latexit sha1_base64="iQFl299MsBI/ZbJO8x9zoMtiX2Q="></latexit><latexit sha1_base64="iQFl299MsBI/ZbJO8x9zoMtiX2Q="></latexit><latexit sha1_base64="iQFl299MsBI/ZbJO8x9zoMtiX2Q="></latexit><latexit sha1_base64="iQFl299MsBI/ZbJO8x9zoMtiX2Q="></latexit> (distribution func.of       )

Z
d3pNRi

<latexit sha1_base64="vuBsOnkIeAXG2IKZ5ilMQWvESqo="></latexit><latexit sha1_base64="vuBsOnkIeAXG2IKZ5ilMQWvESqo="></latexit><latexit sha1_base64="vuBsOnkIeAXG2IKZ5ilMQWvESqo="></latexit><latexit sha1_base64="vuBsOnkIeAXG2IKZ5ilMQWvESqo="></latexit>

+ Contribution from Transmission

B = nB(z > 0) =
�S

DL12

h
DB
vW

(1 + 2)� 1
i ⇠L
DL

j⌫L

<latexit sha1_base64="m6U04bwg86tQQXZRAe+lhgTZLt4="></latexit><latexit sha1_base64="m6U04bwg86tQQXZRAe+lhgTZLt4="></latexit><latexit sha1_base64="m6U04bwg86tQQXZRAe+lhgTZLt4="></latexit><latexit sha1_base64="m6U04bwg86tQQXZRAe+lhgTZLt4="></latexit>

Joyce Prokopec Turok 9410281
Hernandez Rius 9611227 

⌘B = B/s(Tc)
<latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit><latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit><latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit><latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit>

NRi
<latexit sha1_base64="1OUhy5y9lNfTNXXTtjZ6HWxAxWo="></latexit><latexit sha1_base64="1OUhy5y9lNfTNXXTtjZ6HWxAxWo="></latexit><latexit sha1_base64="1OUhy5y9lNfTNXXTtjZ6HWxAxWo="></latexit><latexit sha1_base64="1OUhy5y9lNfTNXXTtjZ6HWxAxWo="></latexit>

D_{L} smallが有利？あまりdiffuseしない方がいいと？ 

(

<latexit sha1_base64="32OceLftEYIAZoLEnyD84z2Wsw8="></latexit><latexit sha1_base64="32OceLftEYIAZoLEnyD84z2Wsw8="></latexit><latexit sha1_base64="32OceLftEYIAZoLEnyD84z2Wsw8="></latexit><latexit sha1_base64="32OceLftEYIAZoLEnyD84z2Wsw8="></latexit>



CPV to final baryon number

CPV is too small to reproduce the correct baryon asym today…

Baryon number ⌘B = B/s(Tc)
<latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit><latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit><latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit><latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit>
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H
<latexit sha1_base64="02poC4wZVKlyhjxNc1ow4FhzREo="></latexit><latexit sha1_base64="02poC4wZVKlyhjxNc1ow4FhzREo="></latexit><latexit sha1_base64="02poC4wZVKlyhjxNc1ow4FhzREo="></latexit><latexit sha1_base64="02poC4wZVKlyhjxNc1ow4FhzREo="></latexit>

vEWBG fulfills all 3 Sakharov conditions, but quantitatively does 

M2,3 = M1,2 + 10GeV
<latexit sha1_base64="MUa1WXdJ7lJXmV1g33y5+8iYVBc="></latexit><latexit sha1_base64="MUa1WXdJ7lJXmV1g33y5+8iYVBc="></latexit><latexit sha1_base64="MUa1WXdJ7lJXmV1g33y5+8iYVBc="></latexit><latexit sha1_base64="MUa1WXdJ7lJXmV1g33y5+8iYVBc="></latexit>
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CPV to final baryon number

CPV is too small to reproduce the correct baryon asym today…

Baryon number ⌘B = B/s(Tc)
<latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit><latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit><latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit><latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit>
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H
<latexit sha1_base64="02poC4wZVKlyhjxNc1ow4FhzREo="></latexit><latexit sha1_base64="02poC4wZVKlyhjxNc1ow4FhzREo="></latexit><latexit sha1_base64="02poC4wZVKlyhjxNc1ow4FhzREo="></latexit><latexit sha1_base64="02poC4wZVKlyhjxNc1ow4FhzREo="></latexit>

vEWBG fulfills all 3 Sakharov conditions, but quantitatively does 

M2,3 = M1,2 + 10GeV
<latexit sha1_base64="MUa1WXdJ7lJXmV1g33y5+8iYVBc="></latexit><latexit sha1_base64="MUa1WXdJ7lJXmV1g33y5+8iYVBc="></latexit><latexit sha1_base64="MUa1WXdJ7lJXmV1g33y5+8iYVBc="></latexit><latexit sha1_base64="MUa1WXdJ7lJXmV1g33y5+8iYVBc="></latexit>
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Large light-heavy v mixing
⇥

<latexit sha1_base64="WKl/IbM6swkWSYHWzGx5QFrD2Cg="></latexit><latexit sha1_base64="WKl/IbM6swkWSYHWzGx5QFrD2Cg="></latexit><latexit sha1_base64="WKl/IbM6swkWSYHWzGx5QFrD2Cg="></latexit><latexit sha1_base64="WKl/IbM6swkWSYHWzGx5QFrD2Cg="></latexit>



Is there a way-out?
The sum of the CPV over the flavour index is very suppressed…

which is not an accident, but  
caused by the GIM mechanism

X

↵

�R(NR1 ! ⌫L↵)
<latexit sha1_base64="P9120JfcN/6wnGE8HJS2FFgeI7E="></latexit><latexit sha1_base64="P9120JfcN/6wnGE8HJS2FFgeI7E="></latexit><latexit sha1_base64="P9120JfcN/6wnGE8HJS2FFgeI7E="></latexit><latexit sha1_base64="P9120JfcN/6wnGE8HJS2FFgeI7E="></latexit>

Reason of our defeat was the sum over the final neutrino flavour

/
<latexit sha1_base64="b+5RIfwWKK7g/bEKHct2ijSLjPs="></latexit><latexit sha1_base64="b+5RIfwWKK7g/bEKHct2ijSLjPs="></latexit><latexit sha1_base64="b+5RIfwWKK7g/bEKHct2ijSLjPs="></latexit><latexit sha1_base64="b+5RIfwWKK7g/bEKHct2ijSLjPs="></latexit>
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<latexit sha1_base64="PH9zhpyI/LKoWw6iJBzw0KEd3Uo="></latexit><latexit sha1_base64="PH9zhpyI/LKoWw6iJBzw0KEd3Uo="></latexit><latexit sha1_base64="PH9zhpyI/LKoWw6iJBzw0KEd3Uo="></latexit><latexit sha1_base64="PH9zhpyI/LKoWw6iJBzw0KEd3Uo="></latexit>

Only stays the part proportional  
to the mass difference (as GIM).

*Well… even if we do not sum over \alpha, it goes to zero, no? 

X

↵,�

X

j

dCP(↵,�, 1, j)f(↵,�, j)

<latexit sha1_base64="AK4A0lYAA6lINXX9ex2oa3ypPAw="></latexit><latexit sha1_base64="AK4A0lYAA6lINXX9ex2oa3ypPAw="></latexit><latexit sha1_base64="AK4A0lYAA6lINXX9ex2oa3ypPAw="></latexit><latexit sha1_base64="AK4A0lYAA6lINXX9ex2oa3ypPAw="></latexit>
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<latexit sha1_base64="2ZXOTg4gm8iJEQ70nYfcdlhsyok="></latexit><latexit sha1_base64="2ZXOTg4gm8iJEQ70nYfcdlhsyok="></latexit><latexit sha1_base64="2ZXOTg4gm8iJEQ70nYfcdlhsyok="></latexit><latexit sha1_base64="2ZXOTg4gm8iJEQ70nYfcdlhsyok="></latexit>

j⌫L /
<latexit sha1_base64="HE+swrA511EKjTgUV1GEwap+unI="></latexit><latexit sha1_base64="HE+swrA511EKjTgUV1GEwap+unI="></latexit><latexit sha1_base64="HE+swrA511EKjTgUV1GEwap+unI="></latexit><latexit sha1_base64="HE+swrA511EKjTgUV1GEwap+unI="></latexit>

Strong cancelation of CPV  
among flavors  
(             +     = magenta ~ 0),⌫e + ⌫µ

<latexit sha1_base64="SSFMMsCeAJkQf7tF1xtgrfWX8Vg="></latexit><latexit sha1_base64="SSFMMsCeAJkQf7tF1xtgrfWX8Vg="></latexit><latexit sha1_base64="SSFMMsCeAJkQf7tF1xtgrfWX8Vg="></latexit><latexit sha1_base64="SSFMMsCeAJkQf7tF1xtgrfWX8Vg="></latexit>
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<latexit sha1_base64="GsHRiQmtpgMNXqfe6qyvoW3VjLA="></latexit><latexit sha1_base64="GsHRiQmtpgMNXqfe6qyvoW3VjLA="></latexit><latexit sha1_base64="GsHRiQmtpgMNXqfe6qyvoW3VjLA="></latexit><latexit sha1_base64="GsHRiQmtpgMNXqfe6qyvoW3VjLA="></latexit>

dCP / det
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M†

NMN ,m†
DmD
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<latexit sha1_base64="U2t3ZdvwH5YD5srLMwUyi5wQwkQ="></latexit><latexit sha1_base64="U2t3ZdvwH5YD5srLMwUyi5wQwkQ="></latexit><latexit sha1_base64="U2t3ZdvwH5YD5srLMwUyi5wQwkQ="></latexit><latexit sha1_base64="U2t3ZdvwH5YD5srLMwUyi5wQwkQ="></latexit>

mD = U`m̂DV †
<latexit sha1_base64="ju/2C26zCJqAX0IQ43jn+83Ae24="></latexit><latexit sha1_base64="ju/2C26zCJqAX0IQ43jn+83Ae24="></latexit><latexit sha1_base64="ju/2C26zCJqAX0IQ43jn+83Ae24="></latexit><latexit sha1_base64="ju/2C26zCJqAX0IQ43jn+83Ae24="></latexit>

& MN = M̂N
<latexit sha1_base64="O2/F96MFky3pAD4Rv02Rrxbmzzc="></latexit><latexit sha1_base64="O2/F96MFky3pAD4Rv02Rrxbmzzc="></latexit><latexit sha1_base64="O2/F96MFky3pAD4Rv02Rrxbmzzc="></latexit><latexit sha1_base64="O2/F96MFky3pAD4Rv02Rrxbmzzc="></latexit>



Is there a way-out?
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<latexit sha1_base64="PH9zhpyI/LKoWw6iJBzw0KEd3Uo="></latexit><latexit sha1_base64="PH9zhpyI/LKoWw6iJBzw0KEd3Uo="></latexit><latexit sha1_base64="PH9zhpyI/LKoWw6iJBzw0KEd3Uo="></latexit><latexit sha1_base64="PH9zhpyI/LKoWw6iJBzw0KEd3Uo="></latexit>

Wash-out allows us to use CPV in each flavour

yt
<latexit sha1_base64="P2D5oKUCBbHj1k10dCrlnZCoQBE="></latexit><latexit sha1_base64="P2D5oKUCBbHj1k10dCrlnZCoQBE="></latexit><latexit sha1_base64="P2D5oKUCBbHj1k10dCrlnZCoQBE="></latexit><latexit sha1_base64="P2D5oKUCBbHj1k10dCrlnZCoQBE="></latexit>

tL
<latexit sha1_base64="RTROAZh0plGWdPp/HJB1c6SopfM="></latexit><latexit sha1_base64="RTROAZh0plGWdPp/HJB1c6SopfM="></latexit><latexit sha1_base64="RTROAZh0plGWdPp/HJB1c6SopfM="></latexit><latexit sha1_base64="RTROAZh0plGWdPp/HJB1c6SopfM="></latexit>

H
<latexit sha1_base64="cpZe/JWO+0WsQkpaoySSVzTdX0s="></latexit><latexit sha1_base64="cpZe/JWO+0WsQkpaoySSVzTdX0s="></latexit><latexit sha1_base64="cpZe/JWO+0WsQkpaoySSVzTdX0s="></latexit><latexit sha1_base64="cpZe/JWO+0WsQkpaoySSVzTdX0s="></latexit>y⌫⌧

<latexit sha1_base64="hjlPCCF+fInEBgmlrBAEp3puoyg="></latexit><latexit sha1_base64="hjlPCCF+fInEBgmlrBAEp3puoyg="></latexit><latexit sha1_base64="hjlPCCF+fInEBgmlrBAEp3puoyg="></latexit><latexit sha1_base64="hjlPCCF+fInEBgmlrBAEp3puoyg="></latexit>

NR1
<latexit sha1_base64="i57WhIait6tb4EKZovo9AeOZIYE="></latexit><latexit sha1_base64="i57WhIait6tb4EKZovo9AeOZIYE="></latexit><latexit sha1_base64="i57WhIait6tb4EKZovo9AeOZIYE="></latexit><latexit sha1_base64="i57WhIait6tb4EKZovo9AeOZIYE="></latexit>

Wash-out effect

Solve the diffusion equations with the wash-out effect…
Then, the SM EWBG also can work with wash-out? 

⌫L⌧
<latexit sha1_base64="JA/zoOoBgu0Vi3ktw1R2+iSrtoA="></latexit><latexit sha1_base64="JA/zoOoBgu0Vi3ktw1R2+iSrtoA="></latexit><latexit sha1_base64="JA/zoOoBgu0Vi3ktw1R2+iSrtoA="></latexit><latexit sha1_base64="JA/zoOoBgu0Vi3ktw1R2+iSrtoA="></latexit>

tR
<latexit sha1_base64="Xrza7cUoudwCSzu88JCiF5922b0="></latexit><latexit sha1_base64="Xrza7cUoudwCSzu88JCiF5922b0="></latexit><latexit sha1_base64="Xrza7cUoudwCSzu88JCiF5922b0="></latexit><latexit sha1_base64="Xrza7cUoudwCSzu88JCiF5922b0="></latexit>

wash-outも同じだけおこるから、netでB_{L}は作られてない！



Flavour effect

Flavour effect is crucial to reproduce the baryon asymmetry

Baryon number ⌘B = B/s(Tc)
<latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit><latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit><latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit><latexit sha1_base64="bA5HhcoCOtj2L3Sc+Js40GTdB50="></latexit>

y ⌫
⌧
⌘

p
2(
m̂

D
) ⌧
/v

H
<latexit sha1_base64="02poC4wZVKlyhjxNc1ow4FhzREo="></latexit><latexit sha1_base64="02poC4wZVKlyhjxNc1ow4FhzREo="></latexit><latexit sha1_base64="02poC4wZVKlyhjxNc1ow4FhzREo="></latexit><latexit sha1_base64="02poC4wZVKlyhjxNc1ow4FhzREo="></latexit>

large Y_{\nu} = large light-heavy mixing = enhance CPV, also 

M2,3 = M1,2 + 10GeV
<latexit sha1_base64="MUa1WXdJ7lJXmV1g33y5+8iYVBc="></latexit><latexit sha1_base64="MUa1WXdJ7lJXmV1g33y5+8iYVBc="></latexit><latexit sha1_base64="MUa1WXdJ7lJXmV1g33y5+8iYVBc="></latexit><latexit sha1_base64="MUa1WXdJ7lJXmV1g33y5+8iYVBc="></latexit>
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More on flavour effect
Scan the values of 

I hope, Saturation is not caused by the scan range of M’s!!!  

Y_nu is fixed so that Tr[TT]=max?

M2,3
<latexit sha1_base64="WecpLsi4TutCOBeowQTi1lGo/x8="></latexit><latexit sha1_base64="WecpLsi4TutCOBeowQTi1lGo/x8="></latexit><latexit sha1_base64="WecpLsi4TutCOBeowQTi1lGo/x8="></latexit><latexit sha1_base64="WecpLsi4TutCOBeowQTi1lGo/x8="></latexit>

Not only wash-out but also the asymmetry in       comes into the gameNR
<latexit sha1_base64="gr5JGbhPUmG8eCW7GJWjUsT1oTI="></latexit><latexit sha1_base64="gr5JGbhPUmG8eCW7GJWjUsT1oTI="></latexit><latexit sha1_base64="gr5JGbhPUmG8eCW7GJWjUsT1oTI="></latexit><latexit sha1_base64="gr5JGbhPUmG8eCW7GJWjUsT1oTI="></latexit>

We have a good chance to reproduce the correct B/s

Mi+1 = [Mi + 10, 400]GeV
<latexit sha1_base64="isPCZr1WzqkKZydpA58ui8L4z/4="></latexit><latexit sha1_base64="isPCZr1WzqkKZydpA58ui8L4z/4="></latexit><latexit sha1_base64="isPCZr1WzqkKZydpA58ui8L4z/4="></latexit><latexit sha1_base64="isPCZr1WzqkKZydpA58ui8L4z/4="></latexit>

More efficient wash-out  
but less diffusion
CPV from transmission  
gets suppressed with  
Boltzmann factor

Pros&cons of large Mi
<latexit sha1_base64="WC++JhgHta6qc+i16vpWic4TwKc="></latexit><latexit sha1_base64="WC++JhgHta6qc+i16vpWic4TwKc="></latexit><latexit sha1_base64="WC++JhgHta6qc+i16vpWic4TwKc="></latexit><latexit sha1_base64="WC++JhgHta6qc+i16vpWic4TwKc="></latexit>

Large hierarchy in       
enhances 

Mi
<latexit sha1_base64="WC++JhgHta6qc+i16vpWic4TwKc="></latexit><latexit sha1_base64="WC++JhgHta6qc+i16vpWic4TwKc="></latexit><latexit sha1_base64="WC++JhgHta6qc+i16vpWic4TwKc="></latexit><latexit sha1_base64="WC++JhgHta6qc+i16vpWic4TwKc="></latexit>

dCP
<latexit sha1_base64="8npV2SSs940brHNYpSfbx5lNSf8="></latexit><latexit sha1_base64="8npV2SSs940brHNYpSfbx5lNSf8="></latexit><latexit sha1_base64="8npV2SSs940brHNYpSfbx5lNSf8="></latexit><latexit sha1_base64="8npV2SSs940brHNYpSfbx5lNSf8="></latexit> etc.

Inclusion of        reduces CPVNR3
<latexit sha1_base64="gqzQxwl+bb8mWNH6BUbukg7GCzM="></latexit><latexit sha1_base64="gqzQxwl+bb8mWNH6BUbukg7GCzM="></latexit><latexit sha1_base64="gqzQxwl+bb8mWNH6BUbukg7GCzM="></latexit><latexit sha1_base64="gqzQxwl+bb8mWNH6BUbukg7GCzM="></latexit>

GIM cancellation

⌘obs.B
<latexit sha1_base64="6rZaV852nr5RgBnI0X2ja/8mSiU="></latexit><latexit sha1_base64="6rZaV852nr5RgBnI0X2ja/8mSiU="></latexit><latexit sha1_base64="6rZaV852nr5RgBnI0X2ja/8mSiU="></latexit><latexit sha1_base64="6rZaV852nr5RgBnI0X2ja/8mSiU="></latexit>

⌘B
<latexit sha1_base64="qEVwosHAzay09XQqKpUvQ7hnsqE="></latexit><latexit sha1_base64="qEVwosHAzay09XQqKpUvQ7hnsqE="></latexit><latexit sha1_base64="qEVwosHAzay09XQqKpUvQ7hnsqE="></latexit><latexit sha1_base64="qEVwosHAzay09XQqKpUvQ7hnsqE="></latexit>



  Wrap-up & Work in progress



vEWBG1 …overcomes shortcomings of EWBG in the SM;
Maybe we were neutrinos born at a bubble

1st-order EWPT with   , a new CP phase, and neutrino mass�
<latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit><latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit><latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit><latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit>



vEWBG

Unflavoured scenario

1

2

…overcomes shortcomings of EWBG in the SM;

…suffers the GIM suppression and cannot reproduce B/s.
That was more-or-less known by Hernandez & Rius.

Large CPV requires large light-heavy mixings

Maybe we were neutrinos born at a bubble

1st-order EWPT with   , a new CP phase, and neutrino mass�
<latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit><latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit><latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit><latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit>

good for pheno.



vEWBG

Unflavoured scenario

Flavour effect (Wash-out effect)

1

2

3

…overcomes shortcomings of EWBG in the SM;

…suffers the GIM suppression and cannot reproduce B/s.
That was more-or-less known by Hernandez & Rius.

Large CPV requires large light-heavy mixings

Thanks to the flavor-dependent wash-out effect,  
we can access to CPV in each flavour.

We have a good chance to reproduce the correct B/s

Maybe we were neutrinos born at a bubble

1st-order EWPT with   , a new CP phase, and neutrino mass�
<latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit><latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit><latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit><latexit sha1_base64="UytFwdVY2XU7b7kDPIHRA6howLE="></latexit>

To have large wash-out effect, we need large Y⌫
<latexit sha1_base64="miPX0ydLJ+XUm5LXuSNEkT06AFo="></latexit><latexit sha1_base64="miPX0ydLJ+XUm5LXuSNEkT06AFo="></latexit><latexit sha1_base64="miPX0ydLJ+XUm5LXuSNEkT06AFo="></latexit><latexit sha1_base64="miPX0ydLJ+XUm5LXuSNEkT06AFo="></latexit>

which suggests large      but we want to keep      small for diffusion. Mi
<latexit sha1_base64="wrwD3P7QxFhib+/a74GSbADf1AU="></latexit><latexit sha1_base64="wrwD3P7QxFhib+/a74GSbADf1AU="></latexit><latexit sha1_base64="wrwD3P7QxFhib+/a74GSbADf1AU="></latexit><latexit sha1_base64="wrwD3P7QxFhib+/a74GSbADf1AU="></latexit>

YN
<latexit sha1_base64="RumfOhS5qNsKks1P2XAFS2G6PMs="></latexit><latexit sha1_base64="RumfOhS5qNsKks1P2XAFS2G6PMs="></latexit><latexit sha1_base64="RumfOhS5qNsKks1P2XAFS2G6PMs="></latexit><latexit sha1_base64="RumfOhS5qNsKks1P2XAFS2G6PMs="></latexit>

good for pheno.



What are realistic wall properties?  
  - We should derive wall properties from scalar potentials

Improve the treatment of the diffusion equations.

We need more discussion on related phenomenologies… 
  - vEWBG (Large CPV, Successful PhT etc.) vs Observables

Work-in-progress





Backup



Dependence on wall profile

Doublet

Si
ng

let

Offset of the two vevs is necessary for z-dependent CP phase

FLOR vs HR - 2-3 orders of magnitude different in final B/s

Flavored  
diffusion

Nelson Kaplan Cohen NPB373 (1992) 453

M = (80, 90, 100)[GeV]
<latexit sha1_base64="IYRMSK0FS7IYVC+1WbZopxjM8XM="></latexit><latexit sha1_base64="IYRMSK0FS7IYVC+1WbZopxjM8XM="></latexit><latexit sha1_base64="IYRMSK0FS7IYVC+1WbZopxjM8XM="></latexit><latexit sha1_base64="IYRMSK0FS7IYVC+1WbZopxjM8XM="></latexit>

Tr
⇥
⇥⇥†⇤ = 7 · 10�3

<latexit sha1_base64="E8ByJR1ZkkXgft0v6uBtVCCgSv0="></latexit><latexit sha1_base64="E8ByJR1ZkkXgft0v6uBtVCCgSv0="></latexit><latexit sha1_base64="E8ByJR1ZkkXgft0v6uBtVCCgSv0="></latexit><latexit sha1_base64="E8ByJR1ZkkXgft0v6uBtVCCgSv0="></latexit>
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Diffusion eqs w. flavour effect
DB@

2
znB � vW@znB � 3�S✓(�z)nB � �S✓(�z)nL = 0

<latexit sha1_base64="TZW8y1YQVxCt48vmUBrl2O5h7Cg="></latexit><latexit sha1_base64="TZW8y1YQVxCt48vmUBrl2O5h7Cg="></latexit><latexit sha1_base64="TZW8y1YQVxCt48vmUBrl2O5h7Cg="></latexit><latexit sha1_base64="TZW8y1YQVxCt48vmUBrl2O5h7Cg="></latexit>

DL@
2
zn⌫↵ � vW@zn⌫↵ � 3�S✓(�z)nB � �S✓(�z)nL

<latexit sha1_base64="dqFJBU8wUCzeq82hmWOWrgdEEm8="></latexit><latexit sha1_base64="dqFJBU8wUCzeq82hmWOWrgdEEm8="></latexit><latexit sha1_base64="dqFJBU8wUCzeq82hmWOWrgdEEm8="></latexit><latexit sha1_base64="dqFJBU8wUCzeq82hmWOWrgdEEm8="></latexit>

�
X

i

�Ni⌫↵


1

2
n⌫↵ � nNi

�
= ⇠Lj⌫↵@z�(z)

<latexit sha1_base64="UOagVlYIjI3UqlDM8Xn6rRDOhSI="></latexit><latexit sha1_base64="UOagVlYIjI3UqlDM8Xn6rRDOhSI="></latexit><latexit sha1_base64="UOagVlYIjI3UqlDM8Xn6rRDOhSI="></latexit><latexit sha1_base64="UOagVlYIjI3UqlDM8Xn6rRDOhSI="></latexit>

DNi@
2
znNi � vW@znNi +

X

↵

�Ni⌫↵


1

2
n⌫↵ � nNi

�
= ⇠NijNi@z�(z)

<latexit sha1_base64="GwFuEQGOkP41IjaRk5VSgYakKgs="></latexit><latexit sha1_base64="GwFuEQGOkP41IjaRk5VSgYakKgs="></latexit><latexit sha1_base64="GwFuEQGOkP41IjaRk5VSgYakKgs="></latexit><latexit sha1_base64="GwFuEQGOkP41IjaRk5VSgYakKgs="></latexit>

nL ⌘
X

↵

n⌫↵

<latexit sha1_base64="MW4YU7yJG/MNAuJ/jX+N9kCX8o0="></latexit><latexit sha1_base64="MW4YU7yJG/MNAuJ/jX+N9kCX8o0="></latexit><latexit sha1_base64="MW4YU7yJG/MNAuJ/jX+N9kCX8o0="></latexit><latexit sha1_base64="MW4YU7yJG/MNAuJ/jX+N9kCX8o0="></latexit>

the wash-out of n⌫⌧
<latexit sha1_base64="zkNnfFubCohSQfl3AVG9K4hGwhA="></latexit><latexit sha1_base64="zkNnfFubCohSQfl3AVG9K4hGwhA="></latexit><latexit sha1_base64="zkNnfFubCohSQfl3AVG9K4hGwhA="></latexit><latexit sha1_base64="zkNnfFubCohSQfl3AVG9K4hGwhA="></latexit>

Joyce Prokopec Turok 9410281

check! 符号も！

nNRi
<latexit sha1_base64="0P0hQuOjVCGqDyDiaKy78JfYKYI="></latexit><latexit sha1_base64="0P0hQuOjVCGqDyDiaKy78JfYKYI="></latexit><latexit sha1_base64="0P0hQuOjVCGqDyDiaKy78JfYKYI="></latexit><latexit sha1_base64="0P0hQuOjVCGqDyDiaKy78JfYKYI="></latexit>

the asymmetry in

In the flavored scenario, CPV in      is generated with nL
<latexit sha1_base64="HNn5hASqW9Smm4UnnZ4fjjaPZnI="></latexit><latexit sha1_base64="HNn5hASqW9Smm4UnnZ4fjjaPZnI="></latexit><latexit sha1_base64="HNn5hASqW9Smm4UnnZ4fjjaPZnI="></latexit><latexit sha1_base64="HNn5hASqW9Smm4UnnZ4fjjaPZnI="></latexit>

#1.

#2.

8
>>>>>><

>>>>>>:
<latexit sha1_base64="fzfxtFhOEjuIADBwpBGVaM4thxk="></latexit><latexit sha1_base64="fzfxtFhOEjuIADBwpBGVaM4thxk="></latexit><latexit sha1_base64="fzfxtFhOEjuIADBwpBGVaM4thxk="></latexit><latexit sha1_base64="fzfxtFhOEjuIADBwpBGVaM4thxk="></latexit>



CPV: d_CP
dCP =

1

2i
det

h
M†

NMN ,m†
DmD

i

<latexit sha1_base64="jdb2jgTlg0JX3d/ugmCmBumGVbg=">AAAD83ichVI7bxNBEB7neITjEQcaJBoLO4gCWesIKQkSUkQoaEBOjEkknzndY20vuZf21oawuj/AH6CAhggKhPgVNJQ0FPkJiDIIGiSYGx8xIUrY1d7NfDPfzM7suEkgUsXYTmnKOHb8xMnpU+bpM2fPzZRnzz9I46H0eNuLg1huuE7KAxHxthIq4BuJ5E7oBnzd3VzJ7esjLlMRR/fVVsK7odOPRE94jkLILj/ybW0p/kTplW </latexit><latexit sha1_base64="jdb2jgTlg0JX3d/ugmCmBumGVbg=">AAAD83ichVI7bxNBEB7neITjEQcaJBoLO4gCWesIKQkSUkQoaEBOjEkknzndY20vuZf21oawuj/AH6CAhggKhPgVNJQ0FPkJiDIIGiSYGx8xIUrY1d7NfDPfzM7suEkgUsXYTmnKOHb8xMnpU+bpM2fPzZRnzz9I46H0eNuLg1huuE7KAxHxthIq4BuJ5E7oBnzd3VzJ7esjLlMRR/fVVsK7odOPRE94jkLILj/ybW0p/kTplW </latexit><latexit sha1_base64="jdb2jgTlg0JX3d/ugmCmBumGVbg=">AAAD83ichVI7bxNBEB7neITjEQcaJBoLO4gCWesIKQkSUkQoaEBOjEkknzndY20vuZf21oawuj/AH6CAhggKhPgVNJQ0FPkJiDIIGiSYGx8xIUrY1d7NfDPfzM7suEkgUsXYTmnKOHb8xMnpU+bpM2fPzZRnzz9I46H0eNuLg1huuE7KAxHxthIq4BuJ5E7oBnzd3VzJ7esjLlMRR/fVVsK7odOPRE94jkLILj/ybW0p/kTplW </latexit><latexit sha1_base64="jdb2jgTlg0JX3d/ugmCmBumGVbg=">AAAD83ichVI7bxNBEB7neITjEQcaJBoLO4gCWesIKQkSUkQoaEBOjEkknzndY20vuZf21oawuj/AH6CAhggKhPgVNJQ0FPkJiDIIGiSYGx8xIUrY1d7NfDPfzM7suEkgUsXYTmnKOHb8xMnpU+bpM2fPzZRnzz9I46H0eNuLg1huuE7KAxHxthIq4BuJ5E7oBnzd3VzJ7esjLlMRR/fVVsK7odOPRE94jkLILj/ybW0p/kTplW </latexit>

= M2
1M

2
2M

2
3FMN Im

⇥
(⇥†⇥)12(⇥

†⇥)23(⇥
†⇥)31

⇤
<latexit sha1_base64="UwC7J+PlpPbDoBYmmAd/0arzdTE="></latexit><latexit sha1_base64="UwC7J+PlpPbDoBYmmAd/0arzdTE="></latexit><latexit sha1_base64="UwC7J+PlpPbDoBYmmAd/0arzdTE="></latexit><latexit sha1_base64="UwC7J+PlpPbDoBYmmAd/0arzdTE="></latexit>

(⇥)↵i ⌘ (mD)↵i(M
�1)i

<latexit sha1_base64="Gp09sCMgbtAszI/G/E1oywYZPjU="></latexit><latexit sha1_base64="Gp09sCMgbtAszI/G/E1oywYZPjU="></latexit><latexit sha1_base64="Gp09sCMgbtAszI/G/E1oywYZPjU="></latexit><latexit sha1_base64="Gp09sCMgbtAszI/G/E1oywYZPjU="></latexit>

mD = (U`)↵am̂Da(V
†)ai

<latexit sha1_base64="4lWGGXxiJ2c3rRyjO4W1o0s+Be0="></latexit><latexit sha1_base64="4lWGGXxiJ2c3rRyjO4W1o0s+Be0="></latexit><latexit sha1_base64="4lWGGXxiJ2c3rRyjO4W1o0s+Be0="></latexit><latexit sha1_base64="4lWGGXxiJ2c3rRyjO4W1o0s+Be0="></latexit>

= FMNFmD Im
⇥
ViaV

⇤
ibV

⇤
jaVjb

⇤
<latexit sha1_base64="9ptaFk86PEHapipb2DnWUUrFOr8="></latexit><latexit sha1_base64="9ptaFk86PEHapipb2DnWUUrFOr8="></latexit><latexit sha1_base64="9ptaFk86PEHapipb2DnWUUrFOr8="></latexit><latexit sha1_base64="9ptaFk86PEHapipb2DnWUUrFOr8="></latexit>

To have large CPV,

large mass hierarchies FMN
<latexit sha1_base64="nnrG6cPsm85F0MLRURpHnyG2kaE="></latexit><latexit sha1_base64="nnrG6cPsm85F0MLRURpHnyG2kaE="></latexit><latexit sha1_base64="nnrG6cPsm85F0MLRURpHnyG2kaE="></latexit><latexit sha1_base64="nnrG6cPsm85F0MLRURpHnyG2kaE="></latexit>

FmD
<latexit sha1_base64="tFkTE7//lQLceDJXEq44ElFSJ9U="></latexit><latexit sha1_base64="tFkTE7//lQLceDJXEq44ElFSJ9U="></latexit><latexit sha1_base64="tFkTE7//lQLceDJXEq44ElFSJ9U="></latexit><latexit sha1_base64="tFkTE7//lQLceDJXEq44ElFSJ9U="></latexit>

&large mixing and phase J
<latexit sha1_base64="VEyJwFeBbiMDmzAIDzeVQsN4VV0="></latexit><latexit sha1_base64="VEyJwFeBbiMDmzAIDzeVQsN4VV0="></latexit><latexit sha1_base64="VEyJwFeBbiMDmzAIDzeVQsN4VV0="></latexit><latexit sha1_base64="VEyJwFeBbiMDmzAIDzeVQsN4VV0="></latexit>

large mass and hierarchy in MN
<latexit sha1_base64="T408qGbl9fjZt9KntFWUMvhn5Ds="></latexit><latexit sha1_base64="T408qGbl9fjZt9KntFWUMvhn5Ds="></latexit><latexit sha1_base64="T408qGbl9fjZt9KntFWUMvhn5Ds="></latexit><latexit sha1_base64="T408qGbl9fjZt9KntFWUMvhn5Ds="></latexit>

⇥
<latexit sha1_base64="WKl/IbM6swkWSYHWzGx5QFrD2Cg="></latexit><latexit sha1_base64="WKl/IbM6swkWSYHWzGx5QFrD2Cg="></latexit><latexit sha1_base64="WKl/IbM6swkWSYHWzGx5QFrD2Cg="></latexit><latexit sha1_base64="WKl/IbM6swkWSYHWzGx5QFrD2Cg="></latexit>

&large light-heavy mixing

Fq ⌘ (m2
q3 �m2

q2)(m
2
q3 �m2

q1)(m
2
q2 �m2

q1)
<latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE="></latexit><latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE="></latexit><latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE="></latexit><latexit sha1_base64="I7cZgpUME8nQAuJ52ZXi4hMpeVE="></latexit>

FMN
<latexit sha1_base64="nnrG6cPsm85F0MLRURpHnyG2kaE="></latexit><latexit sha1_base64="nnrG6cPsm85F0MLRURpHnyG2kaE="></latexit><latexit sha1_base64="nnrG6cPsm85F0MLRURpHnyG2kaE="></latexit><latexit sha1_base64="nnrG6cPsm85F0MLRURpHnyG2kaE="></latexit>



Solution of diffusion eqs.

DL@
2
znL � vW@znL � 3�S✓(�z)nB � �S✓(�z)nL = ⇠Lj⌫L@z�(z)

<latexit sha1_base64="AovBcVCkebwLeD4mUyEKe94dh5c=">AAAEO3ichVI7bxNBEJ7L8QjHIw40kWhO2EFJEWsdIkGQQFFASgqKJMY4Us6c9s6beJN76W5tEp/uD/AHKKhAokB0/AAaGv4ARXoaHl1ANBTMrg9bJoqzq72b/eb7ZnZm14k8nghCDrUx/czZc+fHLxgXL12+MlGYvPokCduxy2pu6IXxpkMT5vGA1QQXHtuMYkZ9x2N1Z++B9Nc7LE54GDwWBxFr+HQn4NvcpQIhu/D+oZ0+yg </latexit><latexit sha1_base64="AovBcVCkebwLeD4mUyEKe94dh5c=">AAAEO3ichVI7bxNBEJ7L8QjHIw40kWhO2EFJEWsdIkGQQFFASgqKJMY4Us6c9s6beJN76W5tEp/uD/AHKKhAokB0/AAaGv4ARXoaHl1ANBTMrg9bJoqzq72b/eb7ZnZm14k8nghCDrUx/czZc+fHLxgXL12+MlGYvPokCduxy2pu6IXxpkMT5vGA1QQXHtuMYkZ9x2N1Z++B9Nc7LE54GDwWBxFr+HQn4NvcpQIhu/D+oZ0+yg </latexit><latexit sha1_base64="AovBcVCkebwLeD4mUyEKe94dh5c=">AAAEO3ichVI7bxNBEJ7L8QjHIw40kWhO2EFJEWsdIkGQQFFASgqKJMY4Us6c9s6beJN76W5tEp/uD/AHKKhAokB0/AAaGv4ARXoaHl1ANBTMrg9bJoqzq72b/eb7ZnZm14k8nghCDrUx/czZc+fHLxgXL12+MlGYvPokCduxy2pu6IXxpkMT5vGA1QQXHtuMYkZ9x2N1Z++B9Nc7LE54GDwWBxFr+HQn4NvcpQIhu/D+oZ0+yg </latexit><latexit sha1_base64="AovBcVCkebwLeD4mUyEKe94dh5c=">AAAEO3ichVI7bxNBEJ7L8QjHIw40kWhO2EFJEWsdIkGQQFFASgqKJMY4Us6c9s6beJN76W5tEp/uD/AHKKhAokB0/AAaGv4ARXoaHl1ANBTMrg9bJoqzq72b/eb7ZnZm14k8nghCDrUx/czZc+fHLxgXL12+MlGYvPokCduxy2pu6IXxpkMT5vGA1QQXHtuMYkZ9x2N1Z++B9Nc7LE54GDwWBxFr+HQn4NvcpQIhu/D+oZ0+yg </latexit>

DB@
2
znB � vW@znB � 3�S✓(�z)nB � �S✓(�z)nL = 0

<latexit sha1_base64="TZW8y1YQVxCt48vmUBrl2O5h7Cg=">AAAEEnichVLNaxNBFH/b9aOuH00VQRB0ManUQ8OkClpBKFXQg4e2MabQxGV2O22G7he7k9Vm2D9A7+LBk4IH8U/wJL148Oqhf4J48FDBiwffTNaEWBpnmN03v/d+783vzbixz1NByJ4xYR45euz45Anr5KnTZ6ZK02cfp1E38VjDi/woWXNpynwesobgwmdrccJo4Pqs6W7fVf5mxpKUR+EjsROzdkC3Qr7JPSoQckrP7zlyKb </latexit><latexit sha1_base64="TZW8y1YQVxCt48vmUBrl2O5h7Cg=">AAAEEnichVLNaxNBFH/b9aOuH00VQRB0ManUQ8OkClpBKFXQg4e2MabQxGV2O22G7he7k9Vm2D9A7+LBk4IH8U/wJL148Oqhf4J48FDBiwffTNaEWBpnmN03v/d+783vzbixz1NByJ4xYR45euz45Anr5KnTZ6ZK02cfp1E38VjDi/woWXNpynwesobgwmdrccJo4Pqs6W7fVf5mxpKUR+EjsROzdkC3Qr7JPSoQckrP7zlyKb </latexit><latexit sha1_base64="TZW8y1YQVxCt48vmUBrl2O5h7Cg=">AAAEEnichVLNaxNBFH/b9aOuH00VQRB0ManUQ8OkClpBKFXQg4e2MabQxGV2O22G7he7k9Vm2D9A7+LBk4IH8U/wJL148Oqhf4J48FDBiwffTNaEWBpnmN03v/d+783vzbixz1NByJ4xYR45euz45Anr5KnTZ6ZK02cfp1E38VjDi/woWXNpynwesobgwmdrccJo4Pqs6W7fVf5mxpKUR+EjsROzdkC3Qr7JPSoQckrP7zlyKb </latexit><latexit sha1_base64="TZW8y1YQVxCt48vmUBrl2O5h7Cg=">AAAEEnichVLNaxNBFH/b9aOuH00VQRB0ManUQ8OkClpBKFXQg4e2MabQxGV2O22G7he7k9Vm2D9A7+LBk4IH8U/wJL148Oqhf4J48FDBiwffTNaEWBpnmN03v/d+783vzbixz1NByJ4xYR45euz45Anr5KnTZ6ZK02cfp1E38VjDi/woWXNpynwesobgwmdrccJo4Pqs6W7fVf5mxpKUR+EjsROzdkC3Qr7JPSoQckrP7zlyKb </latexit>

nB(z > 0)
<latexit sha1_base64="Og7yTsuW0w0v2IwKUxYc4P0SySY="></latexit><latexit sha1_base64="Og7yTsuW0w0v2IwKUxYc4P0SySY="></latexit><latexit sha1_base64="Og7yTsuW0w0v2IwKUxYc4P0SySY="></latexit><latexit sha1_base64="Og7yTsuW0w0v2IwKUxYc4P0SySY="></latexit>

in a bubble


