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𝜃項
QCDラグランジアンには、𝜃に依存する項が追加される。

L✓ = ✓
g2

32⇡2
F a
µ⌫ F̃

aµ⌫

<latexit sha1_base64="kfzNCHKZEd3qbBlOFSN52snD2Ok="></latexit><latexit sha1_base64="kfzNCHKZEd3qbBlOFSN52snD2Ok="></latexit><latexit sha1_base64="kfzNCHKZEd3qbBlOFSN52snD2Ok="></latexit><latexit sha1_base64="kfzNCHKZEd3qbBlOFSN52snD2Ok="></latexit>

中性子の電気双極子モーメント(EDM)

dn = 4.5⇥ 10�15e✓̄ cm
<latexit sha1_base64="M1xnWI184Bzwc7Pzhmh4I4GK3Z4="></latexit><latexit sha1_base64="M1xnWI184Bzwc7Pzhmh4I4GK3Z4="></latexit><latexit sha1_base64="M1xnWI184Bzwc7Pzhmh4I4GK3Z4="></latexit><latexit sha1_base64="M1xnWI184Bzwc7Pzhmh4I4GK3Z4="></latexit>

✓̄ = ✓ + arg(detMq)
<latexit sha1_base64="4Bft0sK7I90TihGPy60A2WZ/WUk="></latexit><latexit sha1_base64="4Bft0sK7I90TihGPy60A2WZ/WUk="></latexit><latexit sha1_base64="4Bft0sK7I90TihGPy60A2WZ/WUk="></latexit><latexit sha1_base64="4Bft0sK7I90TihGPy60A2WZ/WUk="></latexit>

EDMの測定実験
��✓̄
�� . ⇥10�10

<latexit sha1_base64="E4iGGVYcFx4kpgpUuzPZIiQUKOo="></latexit><latexit sha1_base64="E4iGGVYcFx4kpgpUuzPZIiQUKOo="></latexit><latexit sha1_base64="E4iGGVYcFx4kpgpUuzPZIiQUKOo="></latexit><latexit sha1_base64="E4iGGVYcFx4kpgpUuzPZIiQUKOo="></latexit>

ファインチューニング

C. A. Baker, et al. PRL, 97(2006). 

Strong CP問題
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Peccei-Quinn機構
Axial 𝑈 1 $%と、新たなスカラー場 (PQ場) 𝑃を導入

PQ breaking: P ! vPQ exp

✓
i

a

vPQ

◆

<latexit sha1_base64="20r4LEAkYUvRykenYZyrfSS8d9I="></latexit><latexit sha1_base64="20r4LEAkYUvRykenYZyrfSS8d9I="></latexit><latexit sha1_base64="20r4LEAkYUvRykenYZyrfSS8d9I="></latexit><latexit sha1_base64="20r4LEAkYUvRykenYZyrfSS8d9I="></latexit>

クォークのカイラル回転で𝐹 (𝐹 項に𝑃場の位相成分を移す

✓̄
g2

32⇡2
F a
µ⌫ F̃

aµ⌫ !
✓
✓̄ +

a

fa

◆
g2

32⇡2
F a
µ⌫ F̃

aµ⌫

<latexit sha1_base64="MGpQbBI8p7VxjJ/AGVMk/bP9rs0="></latexit><latexit sha1_base64="MGpQbBI8p7VxjJ/AGVMk/bP9rs0="></latexit><latexit sha1_base64="MGpQbBI8p7VxjJ/AGVMk/bP9rs0="></latexit><latexit sha1_base64="MGpQbBI8p7VxjJ/AGVMk/bP9rs0="></latexit>

𝜃項はダイナミカルな量→ポテンシャルの最小点に落ちる。

R. D. Peccei and H. R. Quinn. 
PRL, 1977. 

✓̄ +
a

fa
= 0, fa ⌘ vPQ

N
, N : quark number

<latexit sha1_base64="rvZkUV13JxMVXOy6QHxIwLVGiPY="></latexit><latexit sha1_base64="rvZkUV13JxMVXOy6QHxIwLVGiPY="></latexit><latexit sha1_base64="rvZkUV13JxMVXOy6QHxIwLVGiPY="></latexit><latexit sha1_base64="rvZkUV13JxMVXOy6QHxIwLVGiPY="></latexit>

a : axion
<latexit sha1_base64="guEt2AJ8E2yNhyvw+NMGEImdrlo="></latexit><latexit sha1_base64="guEt2AJ8E2yNhyvw+NMGEImdrlo="></latexit><latexit sha1_base64="guEt2AJ8E2yNhyvw+NMGEImdrlo="></latexit><latexit sha1_base64="guEt2AJ8E2yNhyvw+NMGEImdrlo="></latexit>

LYukawa = �yq†LPqR + h.c.
<latexit sha1_base64="HrnTHdCFDfuLpcjNHFHvGdMzY58="></latexit><latexit sha1_base64="HrnTHdCFDfuLpcjNHFHvGdMzY58="></latexit><latexit sha1_base64="HrnTHdCFDfuLpcjNHFHvGdMzY58="></latexit><latexit sha1_base64="HrnTHdCFDfuLpcjNHFHvGdMzY58="></latexit>

q : KSVZ quark
<latexit sha1_base64="I6WeJq8eYEQb8/OYkolbp4fk9jY=">AAACJHicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQREPAS+Cl4jmgUkIs5PeZMjs7GamV1yWfIs30X/xJh68+CGe3DwOJlrQUFR1093lhlIYtO1PK7O0vLK6ll3PbWxube/kd/dqJog0hyoPZKAbLjMghYIqCpTQCDUw35VQdweXY7/+ANqIQN1hHELbZz0lPMEZplInXxietxAeMbm+rd3TYcT0YNTJF+2SPQH9S5wZKZIZKp38d6sb8MgHhVwyY5qOHWI7YRoFlzDKtSIDIeMD1oNmShXzwbSTyfEjepgqXeoFOi2FdKL+nkiYb0zsu2mnz7BvFr2x+J/XjNA7aydChRGC4tNFXiQpBnScBO0KDRxlnBLGtUhvpbzPNOOY5jW3xYNY+eHcH0nYj43gZhyWsxjNX1I7Ljl2ybk5KZYvZrFlyT45IEfEIaekTK5IhVQJJzF5Ii/k1Xq23qx362PamrFmMwUyB+vrB9cbph8=</latexit><latexit sha1_base64="I6WeJq8eYEQb8/OYkolbp4fk9jY=">AAACJHicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQREPAS+Cl4jmgUkIs5PeZMjs7GamV1yWfIs30X/xJh68+CGe3DwOJlrQUFR1093lhlIYtO1PK7O0vLK6ll3PbWxube/kd/dqJog0hyoPZKAbLjMghYIqCpTQCDUw35VQdweXY7/+ANqIQN1hHELbZz0lPMEZplInXxietxAeMbm+rd3TYcT0YNTJF+2SPQH9S5wZKZIZKp38d6sb8MgHhVwyY5qOHWI7YRoFlzDKtSIDIeMD1oNmShXzwbSTyfEjepgqXeoFOi2FdKL+nkiYb0zsu2mnz7BvFr2x+J/XjNA7aydChRGC4tNFXiQpBnScBO0KDRxlnBLGtUhvpbzPNOOY5jW3xYNY+eHcH0nYj43gZhyWsxjNX1I7Ljl2ybk5KZYvZrFlyT45IEfEIaekTK5IhVQJJzF5Ii/k1Xq23qx362PamrFmMwUyB+vrB9cbph8=</latexit><latexit sha1_base64="I6WeJq8eYEQb8/OYkolbp4fk9jY=">AAACJHicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQREPAS+Cl4jmgUkIs5PeZMjs7GamV1yWfIs30X/xJh68+CGe3DwOJlrQUFR1093lhlIYtO1PK7O0vLK6ll3PbWxube/kd/dqJog0hyoPZKAbLjMghYIqCpTQCDUw35VQdweXY7/+ANqIQN1hHELbZz0lPMEZplInXxietxAeMbm+rd3TYcT0YNTJF+2SPQH9S5wZKZIZKp38d6sb8MgHhVwyY5qOHWI7YRoFlzDKtSIDIeMD1oNmShXzwbSTyfEjepgqXeoFOi2FdKL+nkiYb0zsu2mnz7BvFr2x+J/XjNA7aydChRGC4tNFXiQpBnScBO0KDRxlnBLGtUhvpbzPNOOY5jW3xYNY+eHcH0nYj43gZhyWsxjNX1I7Ljl2ybk5KZYvZrFlyT45IEfEIaekTK5IhVQJJzF5Ii/k1Xq23qx362PamrFmMwUyB+vrB9cbph8=</latexit><latexit sha1_base64="Lt99iQPO+GlMWHboLyCeAIZi/Yw=">AAACAXicbVDLSgNBEOyNrxijxrOXwSB4Crte9Ch48RjBPCAJYXa2NxkyMzvMzArLkh/wJPgv3sTv8Fc8OXkcjLGgoajqprsr1oJbF4ZfQWVnd2//oHpYO6rXjk9OG/WuzXLDsMMykZl+TC0KrrDjuBPY1wapjAX24tn9wu89o7E8U0+u0DiSdKJ4yhl1XmqPG82wFS5Btkm0Jk1YY9z4HiYZyyUqxwS1dhCF2o1KahxnAue1YW5RUzajExx4qqhEOyqXZ87JpVcSkmbGl3Jkqf6eKKm0tpCx75TUTe1fbyH+5w1yl96OSq507lCx1aI0F8RlZPEzSbhB5kThCWWG+1sJm1JDmfPJbGxJsVBSb/xR6mlhObNzn1X0N5lt0r1uRWEregyhCudwAVcQwQ3cwQO0oQMMEniBt+A1eA8+VplWgnW4Z7CB4PMHVdKbdg==</latexit><latexit sha1_base64="BSo1cwwtHCEGlXun2Fd3teaOKrY=">AAACGXicbZA7S8RAFIVvfK7vqKXNoAhWS2KjWAk2go2i+8DdsExmb9xhJ5M4cyOGsL/FTvS/2ImFf8XK7KNw1QMDh3NmuHe+MFXSkud9OjOzc/MLi5Wl5ZXVtfUNd3O1bpPMCKyJRCWmGXKLSmqskSSFzdQgj0OFjbB/NuwbD2isTPQN5SkGMb/TMpKCUxl13O37kzbhIxUX1/Vbdp9x0x903D2v6o3E/hp/YvZgosuO+9XuJiKLUZNQ3NqW76UUFNyQFAoHy+3MYspFn99hq7Sax2iDYrT8gO2XSZdFiSmPJjZKf74oeGxtHoflzZhTz/7uhuF/XSuj6DgopE4zQi3Gg6JMMUrYkATrSoOCVF4aLowsd2Wixw0XVPKamhJhruN06h9F2sutFHYIy/+N5q+pH1Z9r+pfeVCBHdiFA/DhCE7hHC6hBgJyeIIXeHWenTfnfYx1xpnw3YIpOR/ftJmklg==</latexit><latexit sha1_base64="BSo1cwwtHCEGlXun2Fd3teaOKrY=">AAACGXicbZA7S8RAFIVvfK7vqKXNoAhWS2KjWAk2go2i+8DdsExmb9xhJ5M4cyOGsL/FTvS/2ImFf8XK7KNw1QMDh3NmuHe+MFXSkud9OjOzc/MLi5Wl5ZXVtfUNd3O1bpPMCKyJRCWmGXKLSmqskSSFzdQgj0OFjbB/NuwbD2isTPQN5SkGMb/TMpKCUxl13O37kzbhIxUX1/Vbdp9x0x903D2v6o3E/hp/YvZgosuO+9XuJiKLUZNQ3NqW76UUFNyQFAoHy+3MYspFn99hq7Sax2iDYrT8gO2XSZdFiSmPJjZKf74oeGxtHoflzZhTz/7uhuF/XSuj6DgopE4zQi3Gg6JMMUrYkATrSoOCVF4aLowsd2Wixw0XVPKamhJhruN06h9F2sutFHYIy/+N5q+pH1Z9r+pfeVCBHdiFA/DhCE7hHC6hBgJyeIIXeHWenTfnfYx1xpnw3YIpOR/ftJmklg==</latexit><latexit sha1_base64="lcxMwtqJQ3CeTid/qjgnhHQ3CDA=">AAACJHicbVA9SwNBEN2LXzF+RVPaLAbBKtzZKGIRsBFsIpoPTELY28wlS/b2Lrtz4nHkt9iJ/hc7sbDxh1h5+ShM4oOBx3szzMxzQykM2vaXlVlZXVvfyG7mtrZ3dvfy+wc1E0SaQ5UHMtANlxmQQkEVBUpohBqY70qou4OrsV9/BG1EoO4xDqHts54SnuAMU6mTLwwvWghPmNzc1R7oMGJ6MOrki3bJnoAuE2dGimSGSif/0+oGPPJBIZfMmKZjh9hOmEbBJYxyrchAyPiA9aCZUsV8MO1kcvyIHqdKl3qBTkshnah/JxLmGxP7btrpM+ybRW8s/uc1I/TO24lQYYSg+HSRF0mKAR0nQbtCA0cZp4RxLdJbKe8zzTimec1t8SBWfjj3RxL2YyO4GYflLEazTGqnJccuObd2sXw5iy1LDskROSEOOSNlck0qpEo4ickzeSVv1ov1bn1Yn9PWjDWbKZA5WN+/1dumGw==</latexit><latexit sha1_base64="I6WeJq8eYEQb8/OYkolbp4fk9jY=">AAACJHicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQREPAS+Cl4jmgUkIs5PeZMjs7GamV1yWfIs30X/xJh68+CGe3DwOJlrQUFR1093lhlIYtO1PK7O0vLK6ll3PbWxube/kd/dqJog0hyoPZKAbLjMghYIqCpTQCDUw35VQdweXY7/+ANqIQN1hHELbZz0lPMEZplInXxietxAeMbm+rd3TYcT0YNTJF+2SPQH9S5wZKZIZKp38d6sb8MgHhVwyY5qOHWI7YRoFlzDKtSIDIeMD1oNmShXzwbSTyfEjepgqXeoFOi2FdKL+nkiYb0zsu2mnz7BvFr2x+J/XjNA7aydChRGC4tNFXiQpBnScBO0KDRxlnBLGtUhvpbzPNOOY5jW3xYNY+eHcH0nYj43gZhyWsxjNX1I7Ljl2ybk5KZYvZrFlyT45IEfEIaekTK5IhVQJJzF5Ii/k1Xq23qx362PamrFmMwUyB+vrB9cbph8=</latexit><latexit sha1_base64="I6WeJq8eYEQb8/OYkolbp4fk9jY=">AAACJHicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQREPAS+Cl4jmgUkIs5PeZMjs7GamV1yWfIs30X/xJh68+CGe3DwOJlrQUFR1093lhlIYtO1PK7O0vLK6ll3PbWxube/kd/dqJog0hyoPZKAbLjMghYIqCpTQCDUw35VQdweXY7/+ANqIQN1hHELbZz0lPMEZplInXxietxAeMbm+rd3TYcT0YNTJF+2SPQH9S5wZKZIZKp38d6sb8MgHhVwyY5qOHWI7YRoFlzDKtSIDIeMD1oNmShXzwbSTyfEjepgqXeoFOi2FdKL+nkiYb0zsu2mnz7BvFr2x+J/XjNA7aydChRGC4tNFXiQpBnScBO0KDRxlnBLGtUhvpbzPNOOY5jW3xYNY+eHcH0nYj43gZhyWsxjNX1I7Ljl2ybk5KZYvZrFlyT45IEfEIaekTK5IhVQJJzF5Ii/k1Xq23qx362PamrFmMwUyB+vrB9cbph8=</latexit><latexit sha1_base64="I6WeJq8eYEQb8/OYkolbp4fk9jY=">AAACJHicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQREPAS+Cl4jmgUkIs5PeZMjs7GamV1yWfIs30X/xJh68+CGe3DwOJlrQUFR1093lhlIYtO1PK7O0vLK6ll3PbWxube/kd/dqJog0hyoPZKAbLjMghYIqCpTQCDUw35VQdweXY7/+ANqIQN1hHELbZz0lPMEZplInXxietxAeMbm+rd3TYcT0YNTJF+2SPQH9S5wZKZIZKp38d6sb8MgHhVwyY5qOHWI7YRoFlzDKtSIDIeMD1oNmShXzwbSTyfEjepgqXeoFOi2FdKL+nkiYb0zsu2mnz7BvFr2x+J/XjNA7aydChRGC4tNFXiQpBnScBO0KDRxlnBLGtUhvpbzPNOOY5jW3xYNY+eHcH0nYj43gZhyWsxjNX1I7Ljl2ybk5KZYvZrFlyT45IEfEIaekTK5IhVQJJzF5Ii/k1Xq23qx362PamrFmMwUyB+vrB9cbph8=</latexit><latexit sha1_base64="I6WeJq8eYEQb8/OYkolbp4fk9jY=">AAACJHicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQREPAS+Cl4jmgUkIs5PeZMjs7GamV1yWfIs30X/xJh68+CGe3DwOJlrQUFR1093lhlIYtO1PK7O0vLK6ll3PbWxube/kd/dqJog0hyoPZKAbLjMghYIqCpTQCDUw35VQdweXY7/+ANqIQN1hHELbZz0lPMEZplInXxietxAeMbm+rd3TYcT0YNTJF+2SPQH9S5wZKZIZKp38d6sb8MgHhVwyY5qOHWI7YRoFlzDKtSIDIeMD1oNmShXzwbSTyfEjepgqXeoFOi2FdKL+nkiYb0zsu2mnz7BvFr2x+J/XjNA7aydChRGC4tNFXiQpBnScBO0KDRxlnBLGtUhvpbzPNOOY5jW3xYNY+eHcH0nYj43gZhyWsxjNX1I7Ljl2ybk5KZYvZrFlyT45IEfEIaekTK5IhVQJJzF5Ii/k1Xq23qx362PamrFmMwUyB+vrB9cbph8=</latexit><latexit sha1_base64="I6WeJq8eYEQb8/OYkolbp4fk9jY=">AAACJHicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQREPAS+Cl4jmgUkIs5PeZMjs7GamV1yWfIs30X/xJh68+CGe3DwOJlrQUFR1093lhlIYtO1PK7O0vLK6ll3PbWxube/kd/dqJog0hyoPZKAbLjMghYIqCpTQCDUw35VQdweXY7/+ANqIQN1hHELbZz0lPMEZplInXxietxAeMbm+rd3TYcT0YNTJF+2SPQH9S5wZKZIZKp38d6sb8MgHhVwyY5qOHWI7YRoFlzDKtSIDIeMD1oNmShXzwbSTyfEjepgqXeoFOi2FdKL+nkiYb0zsu2mnz7BvFr2x+J/XjNA7aydChRGC4tNFXiQpBnScBO0KDRxlnBLGtUhvpbzPNOOY5jW3xYNY+eHcH0nYj43gZhyWsxjNX1I7Ljl2ybk5KZYvZrFlyT45IEfEIaekTK5IhVQJJzF5Ii/k1Xq23qx362PamrFmMwUyB+vrB9cbph8=</latexit><latexit sha1_base64="I6WeJq8eYEQb8/OYkolbp4fk9jY=">AAACJHicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQREPAS+Cl4jmgUkIs5PeZMjs7GamV1yWfIs30X/xJh68+CGe3DwOJlrQUFR1093lhlIYtO1PK7O0vLK6ll3PbWxube/kd/dqJog0hyoPZKAbLjMghYIqCpTQCDUw35VQdweXY7/+ANqIQN1hHELbZz0lPMEZplInXxietxAeMbm+rd3TYcT0YNTJF+2SPQH9S5wZKZIZKp38d6sb8MgHhVwyY5qOHWI7YRoFlzDKtSIDIeMD1oNmShXzwbSTyfEjepgqXeoFOi2FdKL+nkiYb0zsu2mnz7BvFr2x+J/XjNA7aydChRGC4tNFXiQpBnScBO0KDRxlnBLGtUhvpbzPNOOY5jW3xYNY+eHcH0nYj43gZhyWsxjNX1I7Ljl2ybk5KZYvZrFlyT45IEfEIaekTK5IhVQJJzF5Ii/k1Xq23qx362PamrFmMwUyB+vrB9cbph8=</latexit>
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アクシオンのポテンシャル
• QCD相転移付近でポテンシャルが出現

T � ⇤QCD
<latexit sha1_base64="nNMbvMEfwUf0fITYDi0/B/cOEok="></latexit><latexit sha1_base64="nNMbvMEfwUf0fITYDi0/B/cOEok="></latexit><latexit sha1_base64="nNMbvMEfwUf0fITYDi0/B/cOEok="></latexit><latexit sha1_base64="nNMbvMEfwUf0fITYDi0/B/cOEok="></latexit> T ⌧ ⇤QCD

<latexit sha1_base64="ZR0PJ0/XqcMd7ztx0n4zJISyRfw="></latexit><latexit sha1_base64="ZR0PJ0/XqcMd7ztx0n4zJISyRfw="></latexit><latexit sha1_base64="ZR0PJ0/XqcMd7ztx0n4zJISyRfw="></latexit><latexit sha1_base64="ZR0PJ0/XqcMd7ztx0n4zJISyRfw="></latexit>

QCD相転移

• コヒーレント振動:ダークマター残存量
• ドメインウォールの形成

O. Wantz, E. P. S. Shellard, 
PRD82 (2010)

mQCD
a (T ) =

8
>>><

>>>:

6.48⇥ 10�8 eV

✓
⇤QCD

400MeV

◆2✓ fa
1012 GeV

◆�1✓ T

⇤QCD

◆�3.34

T > 0.26⇤QCD

6.11⇥ 10�6 eV

✓
⇤QCD

400MeV

◆2✓ fa
1012 GeV

◆�1

T < 0.26⇤QCD
<latexit sha1_base64="l2J9XmNEyqIMewe0P5THSWk5OyA="></latexit><latexit sha1_base64="l2J9XmNEyqIMewe0P5THSWk5OyA="></latexit><latexit sha1_base64="l2J9XmNEyqIMewe0P5THSWk5OyA="></latexit><latexit sha1_base64="l2J9XmNEyqIMewe0P5THSWk5OyA="></latexit>
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アクシオンの位相欠陥

①𝑈 1 $%の破れ
→ストリング形成

② QCD相転移で𝑍*の破れ
→ドメインウォール形成

0
<latexit sha1_base64="X5cVQqlemHAZaVFdQw9RC/paceA="></latexit><latexit sha1_base64="X5cVQqlemHAZaVFdQw9RC/paceA="></latexit><latexit sha1_base64="X5cVQqlemHAZaVFdQw9RC/paceA="></latexit><latexit sha1_base64="X5cVQqlemHAZaVFdQw9RC/paceA="></latexit>

0
<latexit sha1_base64="X5cVQqlemHAZaVFdQw9RC/paceA="></latexit><latexit sha1_base64="X5cVQqlemHAZaVFdQw9RC/paceA="></latexit><latexit sha1_base64="X5cVQqlemHAZaVFdQw9RC/paceA="></latexit><latexit sha1_base64="X5cVQqlemHAZaVFdQw9RC/paceA="></latexit>

⇡

2
<latexit sha1_base64="pw6OyIjts5B6uH+Jw3cFpPvLqLM="></latexit><latexit sha1_base64="pw6OyIjts5B6uH+Jw3cFpPvLqLM="></latexit><latexit sha1_base64="pw6OyIjts5B6uH+Jw3cFpPvLqLM="></latexit><latexit sha1_base64="pw6OyIjts5B6uH+Jw3cFpPvLqLM="></latexit>

3

2
⇡

<latexit sha1_base64="uSd2lF1Z0m7z2YC+fBzQLtDEEGI="></latexit><latexit sha1_base64="uSd2lF1Z0m7z2YC+fBzQLtDEEGI="></latexit><latexit sha1_base64="uSd2lF1Z0m7z2YC+fBzQLtDEEGI="></latexit><latexit sha1_base64="uSd2lF1Z0m7z2YC+fBzQLtDEEGI="></latexit>

⇡
<latexit sha1_base64="njErF+V3MUJkQRRdx5+g/V7cyok="></latexit><latexit sha1_base64="njErF+V3MUJkQRRdx5+g/V7cyok="></latexit><latexit sha1_base64="njErF+V3MUJkQRRdx5+g/V7cyok="></latexit><latexit sha1_base64="VyWUY9dSh8bXlirc4MsIMP7KaBM="></latexit><latexit sha1_base64="i25J/QjdguGnuxj7CjxR6Wn93Ww="></latexit><latexit sha1_base64="i25J/QjdguGnuxj7CjxR6Wn93Ww="></latexit><latexit sha1_base64="/See7DcFfuoDShy1lto94dXRWR8="></latexit><latexit sha1_base64="njErF+V3MUJkQRRdx5+g/V7cyok="></latexit><latexit sha1_base64="njErF+V3MUJkQRRdx5+g/V7cyok="></latexit><latexit sha1_base64="njErF+V3MUJkQRRdx5+g/V7cyok="></latexit><latexit sha1_base64="njErF+V3MUJkQRRdx5+g/V7cyok="></latexit><latexit sha1_base64="njErF+V3MUJkQRRdx5+g/V7cyok="></latexit><latexit sha1_base64="njErF+V3MUJkQRRdx5+g/V7cyok="></latexit>

2⇡
<latexit sha1_base64="kj+6+OXJp/NmoItUMDM3yhZT3s0="></latexit><latexit sha1_base64="kj+6+OXJp/NmoItUMDM3yhZT3s0="></latexit><latexit sha1_base64="kj+6+OXJp/NmoItUMDM3yhZT3s0="></latexit><latexit sha1_base64="kj+6+OXJp/NmoItUMDM3yhZT3s0="></latexit> QCD相転移

① ②

7

ストリング断面

NDW = 4
<latexit sha1_base64="iSQJvS6sXF1F4KRHk+7ADTbf19I=">AAACInicbVDLSgMxFM34rPU11aWbwSK4KjOloBuhoAtXUsE+oB1KJs20oUkmJBllGOZT3In+iztxJfglrsy0s7CtBwKHc+7lnpxAUKK0635Za+sbm1vbpZ3y7t7+waFdOeqoKJYIt1FEI9kLoMKUcNzWRFPcExJDFlDcDabXud99xFKRiD/oRGCfwTEnIUFQG2loV+6G6YBBPZEsvelm2VVjaFfdmjuDs0q8glRBgdbQ/hmMIhQzzDWiUKm+5wrtp1BqgijOyoNYYQHRFI5x31AOGVZ+OoueOWdGGTlhJM3j2pmpfzdSyJRKWGAm85Rq2cvF/7x+rMNLPyVcxBpzND8UxtTRkZP34IyIxEjTxBCIJDFZHTSBEiJt2lq4EuKEM7Hwj1RMEkWQykxZ3nI1q6RTr3luzbtvVJv1orYSOAGn4Bx44AI0wS1ogTZA4Ak8g1fwZr1Y79aH9TkfXbOKnWOwAOv7FzBCpTk=</latexit><latexit sha1_base64="iSQJvS6sXF1F4KRHk+7ADTbf19I=">AAACInicbVDLSgMxFM34rPU11aWbwSK4KjOloBuhoAtXUsE+oB1KJs20oUkmJBllGOZT3In+iztxJfglrsy0s7CtBwKHc+7lnpxAUKK0635Za+sbm1vbpZ3y7t7+waFdOeqoKJYIt1FEI9kLoMKUcNzWRFPcExJDFlDcDabXud99xFKRiD/oRGCfwTEnIUFQG2loV+6G6YBBPZEsvelm2VVjaFfdmjuDs0q8glRBgdbQ/hmMIhQzzDWiUKm+5wrtp1BqgijOyoNYYQHRFI5x31AOGVZ+OoueOWdGGTlhJM3j2pmpfzdSyJRKWGAm85Rq2cvF/7x+rMNLPyVcxBpzND8UxtTRkZP34IyIxEjTxBCIJDFZHTSBEiJt2lq4EuKEM7Hwj1RMEkWQykxZ3nI1q6RTr3luzbtvVJv1orYSOAGn4Bx44AI0wS1ogTZA4Ak8g1fwZr1Y79aH9TkfXbOKnWOwAOv7FzBCpTk=</latexit><latexit sha1_base64="iSQJvS6sXF1F4KRHk+7ADTbf19I=">AAACInicbVDLSgMxFM34rPU11aWbwSK4KjOloBuhoAtXUsE+oB1KJs20oUkmJBllGOZT3In+iztxJfglrsy0s7CtBwKHc+7lnpxAUKK0635Za+sbm1vbpZ3y7t7+waFdOeqoKJYIt1FEI9kLoMKUcNzWRFPcExJDFlDcDabXud99xFKRiD/oRGCfwTEnIUFQG2loV+6G6YBBPZEsvelm2VVjaFfdmjuDs0q8glRBgdbQ/hmMIhQzzDWiUKm+5wrtp1BqgijOyoNYYQHRFI5x31AOGVZ+OoueOWdGGTlhJM3j2pmpfzdSyJRKWGAm85Rq2cvF/7x+rMNLPyVcxBpzND8UxtTRkZP34IyIxEjTxBCIJDFZHTSBEiJt2lq4EuKEM7Hwj1RMEkWQykxZ3nI1q6RTr3luzbtvVJv1orYSOAGn4Bx44AI0wS1ogTZA4Ak8g1fwZr1Y79aH9TkfXbOKnWOwAOv7FzBCpTk=</latexit><latexit sha1_base64="iSQJvS6sXF1F4KRHk+7ADTbf19I=">AAACInicbVDLSgMxFM34rPU11aWbwSK4KjOloBuhoAtXUsE+oB1KJs20oUkmJBllGOZT3In+iztxJfglrsy0s7CtBwKHc+7lnpxAUKK0635Za+sbm1vbpZ3y7t7+waFdOeqoKJYIt1FEI9kLoMKUcNzWRFPcExJDFlDcDabXud99xFKRiD/oRGCfwTEnIUFQG2loV+6G6YBBPZEsvelm2VVjaFfdmjuDs0q8glRBgdbQ/hmMIhQzzDWiUKm+5wrtp1BqgijOyoNYYQHRFI5x31AOGVZ+OoueOWdGGTlhJM3j2pmpfzdSyJRKWGAm85Rq2cvF/7x+rMNLPyVcxBpzND8UxtTRkZP34IyIxEjTxBCIJDFZHTSBEiJt2lq4EuKEM7Hwj1RMEkWQykxZ3nI1q6RTr3luzbtvVJv1orYSOAGn4Bx44AI0wS1ogTZA4Ak8g1fwZr1Y79aH9TkfXbOKnWOwAOv7FzBCpTk=</latexit>

真空

08/01/2019 PPP2019 @ YITP
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ドメインウォール問題
ドメインウォールのエネルギー密度（1Hubble 体積あたりに1つのとき）

ドメインウォールの存在
• 宇宙の一様等方性の観測と矛盾
• 膨張速度の変化

ドメインウォールを壊す、もしくは生じさせなくする機構が必要

8

⇢w ⇠ Twd
2

H

d
3

H

⇠ maf
2

aH /
(
R

�2 放射優勢期
R

�3/2 物質優勢期
<latexit sha1_base64="jw8f6gKjiiANI6SIq4Z9pEr2zEA="></latexit><latexit sha1_base64="jw8f6gKjiiANI6SIq4Z9pEr2zEA="></latexit><latexit sha1_base64="jw8f6gKjiiANI6SIq4Z9pEr2zEA="></latexit><latexit sha1_base64="jw8f6gKjiiANI6SIq4Z9pEr2zEA="></latexit>

dH =
1

H
: Hubble 半径

Tw :ウォールの張力
<latexit sha1_base64="YXTVMttSCsFIBelp+IJQ6hSKXqY="></latexit><latexit sha1_base64="YXTVMttSCsFIBelp+IJQ6hSKXqY="></latexit><latexit sha1_base64="YXTVMttSCsFIBelp+IJQ6hSKXqY="></latexit><latexit sha1_base64="YXTVMttSCsFIBelp+IJQ6hSKXqY="></latexit>
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解決方法

• 𝑁,- = 1 シナリオ A. Vilenkin and A. E. Everett, PRL 48 (1982)

ドメインウォールが収縮・消滅
シミュレーションでも確認される

アクシオンの過剰生成で に制限 9

T. Hiramatsu, et al., PRD 85 (2012)

fa . 1010 GeV
<latexit sha1_base64="DFz5SuGfzo68yQ7It/x3/v9+I4Q="></latexit><latexit sha1_base64="DFz5SuGfzo68yQ7It/x3/v9+I4Q="></latexit><latexit sha1_base64="DFz5SuGfzo68yQ7It/x3/v9+I4Q="></latexit><latexit sha1_base64="DFz5SuGfzo68yQ7It/x3/v9+I4Q="></latexit>

• インフレーション前に𝑈 1 $%を破る

宇宙膨張で位相欠陥の数密度が非常に低くなる
等曲率揺らぎの観測による制限が存在 M. Kawasaki, K. Nakayama, ARNPS 

63(2013)
に対して HI . 108 GeV

<latexit sha1_base64="G9QWgPAwQMyOkHORz9+7a3H/Tuc="></latexit><latexit sha1_base64="G9QWgPAwQMyOkHORz9+7a3H/Tuc="></latexit><latexit sha1_base64="G9QWgPAwQMyOkHORz9+7a3H/Tuc="></latexit><latexit sha1_base64="3Rh28yhKtIvVOx/KBzg81Qbah0s="></latexit><latexit sha1_base64="6FNHiiZUgqGg8bJ0AjDDFThXbFQ="></latexit><latexit sha1_base64="6FNHiiZUgqGg8bJ0AjDDFThXbFQ="></latexit><latexit sha1_base64="OTcWKPH899G2asqi2ojVuC/ste4="></latexit><latexit sha1_base64="G9QWgPAwQMyOkHORz9+7a3H/Tuc="></latexit><latexit sha1_base64="G9QWgPAwQMyOkHORz9+7a3H/Tuc="></latexit><latexit sha1_base64="G9QWgPAwQMyOkHORz9+7a3H/Tuc="></latexit><latexit sha1_base64="G9QWgPAwQMyOkHORz9+7a3H/Tuc="></latexit><latexit sha1_base64="G9QWgPAwQMyOkHORz9+7a3H/Tuc="></latexit><latexit sha1_base64="G9QWgPAwQMyOkHORz9+7a3H/Tuc="></latexit>

✓i ⇠ 1
<latexit sha1_base64="uCiYSvtf59UJsRI87cetl3HsR7g="></latexit><latexit sha1_base64="uCiYSvtf59UJsRI87cetl3HsR7g="></latexit><latexit sha1_base64="uCiYSvtf59UJsRI87cetl3HsR7g="></latexit><latexit sha1_base64="3Rh28yhKtIvVOx/KBzg81Qbah0s="></latexit><latexit sha1_base64="W+XodIdS00uuguAgOFnc6hXvF8s="></latexit><latexit sha1_base64="W+XodIdS00uuguAgOFnc6hXvF8s="></latexit><latexit sha1_base64="RitXVXymdJ85cL4sQceipfE8IZE="></latexit><latexit sha1_base64="uCiYSvtf59UJsRI87cetl3HsR7g="></latexit><latexit sha1_base64="uCiYSvtf59UJsRI87cetl3HsR7g="></latexit><latexit sha1_base64="uCiYSvtf59UJsRI87cetl3HsR7g="></latexit><latexit sha1_base64="uCiYSvtf59UJsRI87cetl3HsR7g="></latexit><latexit sha1_base64="uCiYSvtf59UJsRI87cetl3HsR7g="></latexit><latexit sha1_base64="uCiYSvtf59UJsRI87cetl3HsR7g="></latexit>
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本研究の目標

QCD axion model 
w/ 𝑓0 ∼ 1034 GeV

Inflation model
w/ 𝐻6 ≫ 108 GeV

• 2つを両立する模型構築は可能か？

• 可能ならどれだけ回復できるか？

これまで...

今回は...

08/01/2019 PPP2019 @ YITP
S. Kobayashi
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•研究背景
• Spectator による解決策
• 基本的なアイデア
• 模型設定
• ダイナミクスの詳細
• パラメータへの制限

•結論

11
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基本的なアイデア
• 𝑈 1 $%は放射優勢期に破る
→等曲率揺らぎによる制限を抑制できる

• PQ場と、大きな場の値を持つ Spectator の結合
によってアクシオンポテンシャルに傾きをかける
→力学的にアクシオンを一つの位相に落とす

12Spectator なし Spectator あり

バイアス
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模型設定
登場する場

P : PQ場
<latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit>

� :インフラトン
<latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit>

S : PQ荷を持つ複素スカラー場
<latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit>
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(熱浴とは接しない)

(熱浴と接する)

V (P, S,�) =V (�) + �p

 
|P |2 �

v
2
PQ

2

!2

+ cpH
2
I |P |2

+m
2
s|S|

2 +
�
2
s

(n!)2M2n�4
Pl

|S|2n � csH
2
I |S|

2

+
�

m!Mm�3
Pl

S
m
P + h.c.

<latexit sha1_base64="WrCciRQFTbIVvsrp9NyqAHHM2uA="></latexit>
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P : PQ場
<latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit>

� :インフラトン
<latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit>

S : PQ荷を持つ複素スカラー場
<latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit>
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08/01/2019 PPP2019 @ YITP
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P : PQ場
<latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit>

� :インフラトン
<latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit>

S : PQ荷を持つ複素スカラー場
<latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit>
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<latexit sha1_base64="WrCciRQFTbIVvsrp9NyqAHHM2uA="></latexit>

08/01/2019 PPP2019 @ YITP
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P : PQ場
<latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit>

� :インフラトン
<latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit>

S : PQ荷を持つ複素スカラー場
<latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit>
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P : PQ場
<latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit><latexit sha1_base64="T75wgRgI354Rxi0etlYyZ+4Cf4c=">AAACJ3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRgiIuCm5ctmAf0JaSSe+0oZnMkGTEYezPuBP9F3eiS3/DlWk7C9t6IOHknHu5N8eLOFPacb6s3Nr6xuZWfruws7u3f1A8PGqqMJYUGzTkoWx7RCFnAhuaaY7tSCIJPI4tb3w79VsPKBULxb1OIuwFZCiYzyjRRuJQg2voggaER3On5l1vV2DSL5acsjODvUrcjJQgQ61f/OkOQhoHKDTlRKmO60S6lxKpGeU4KXRjhRGhYzLEjqGCBKh66Wz/iX1mlIHth9Icoe2Z+rcjJYFSSeCZyoDokVr2puJ/XifW/lUvZSKKNQo6H+TH3NahPQ3DHjCJVPPEEEIlM7vadEQkodpEtjDFx0QE0cI/0miUKEbVNCx3OZpV0rwou07ZrVdK1ZsstjycwCmcgwuXUIU7E34DKDzBM7zCm/VivVsf1ue8NGdlPcewAOv7F9Mzo54=</latexit>

� :インフラトン
<latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit><latexit sha1_base64="8yDeU/T6vZP4E2s0kkjl5xlLofg="></latexit>

S : PQ荷を持つ複素スカラー場
<latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit><latexit sha1_base64="N1VeFTm3rnw3bchEqF299esUeog="></latexit>
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バイアス項

08/01/2019 PPP2019 @ YITP
S. Kobayashi



Spectator の働き

バイアス項なし バイアス項あり

𝑃のポテンシャル 𝑃のポテンシャル

SmP
<latexit sha1_base64="pxCjtq6KttCItV1RdWtzzdCGhRE=">AAACE3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdOGi4MZlRfuANspkOmmGzkyGmYkQQn/Bnei/uBO3foC/4spJ24VtPXDhcM693HtPKBnVxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0glH14XfeSJK00Tcm0ySgKOhoBHFyBTS3QNvPlZrXt2bwF0m/ozUYAbb/9MfJDjlRBjMkNY935MmyJEyFDMyrvRTTSTCIzQkPUsF4kQH+eTWsXtilYEbJcqWMO5E/TuRI651xkPbyZGJ9aJXiP95vdREl0FOhUwNEXi6KEqZaxK3eNwdUEWwYZklCCtqb3VxjBTCxsYztyUimeBy7o9cxpmmWI9tWP5iNMukfVb3vbp/e15rXM1iK8MRHMMp+HABDbiBJrQAQwzP8Apvzovz7nw4n9PWkjObOYQ5OF+/DdefcA==</latexit><latexit sha1_base64="pxCjtq6KttCItV1RdWtzzdCGhRE=">AAACE3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdOGi4MZlRfuANspkOmmGzkyGmYkQQn/Bnei/uBO3foC/4spJ24VtPXDhcM693HtPKBnVxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0glH14XfeSJK00Tcm0ySgKOhoBHFyBTS3QNvPlZrXt2bwF0m/ozUYAbb/9MfJDjlRBjMkNY935MmyJEyFDMyrvRTTSTCIzQkPUsF4kQH+eTWsXtilYEbJcqWMO5E/TuRI651xkPbyZGJ9aJXiP95vdREl0FOhUwNEXi6KEqZaxK3eNwdUEWwYZklCCtqb3VxjBTCxsYztyUimeBy7o9cxpmmWI9tWP5iNMukfVb3vbp/e15rXM1iK8MRHMMp+HABDbiBJrQAQwzP8Apvzovz7nw4n9PWkjObOYQ5OF+/DdefcA==</latexit><latexit sha1_base64="pxCjtq6KttCItV1RdWtzzdCGhRE=">AAACE3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdOGi4MZlRfuANspkOmmGzkyGmYkQQn/Bnei/uBO3foC/4spJ24VtPXDhcM693HtPKBnVxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0glH14XfeSJK00Tcm0ySgKOhoBHFyBTS3QNvPlZrXt2bwF0m/ozUYAbb/9MfJDjlRBjMkNY935MmyJEyFDMyrvRTTSTCIzQkPUsF4kQH+eTWsXtilYEbJcqWMO5E/TuRI651xkPbyZGJ9aJXiP95vdREl0FOhUwNEXi6KEqZaxK3eNwdUEWwYZklCCtqb3VxjBTCxsYztyUimeBy7o9cxpmmWI9tWP5iNMukfVb3vbp/e15rXM1iK8MRHMMp+HABDbiBJrQAQwzP8Apvzovz7nw4n9PWkjObOYQ5OF+/DdefcA==</latexit><latexit sha1_base64="pxCjtq6KttCItV1RdWtzzdCGhRE=">AAACE3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdOGi4MZlRfuANspkOmmGzkyGmYkQQn/Bnei/uBO3foC/4spJ24VtPXDhcM693HtPKBnVxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0glH14XfeSJK00Tcm0ySgKOhoBHFyBTS3QNvPlZrXt2bwF0m/ozUYAbb/9MfJDjlRBjMkNY935MmyJEyFDMyrvRTTSTCIzQkPUsF4kQH+eTWsXtilYEbJcqWMO5E/TuRI651xkPbyZGJ9aJXiP95vdREl0FOhUwNEXi6KEqZaxK3eNwdUEWwYZklCCtqb3VxjBTCxsYztyUimeBy7o9cxpmmWI9tWP5iNMukfVb3vbp/e15rXM1iK8MRHMMp+HABDbiBJrQAQwzP8Apvzovz7nw4n9PWkjObOYQ5OF+/DdefcA==</latexit>

18

真空

08/01/2019 PPP2019 @ YITP
S. Kobayashi



時間発展の概略 ( PQ breaking～ QCD transition)

HIGH LOW
vPQ

<latexit sha1_base64="skcKStyktcn+lixuJHmnjxXf7Zo="></latexit><latexit sha1_base64="skcKStyktcn+lixuJHmnjxXf7Zo="></latexit><latexit sha1_base64="skcKStyktcn+lixuJHmnjxXf7Zo="></latexit><latexit sha1_base64="skcKStyktcn+lixuJHmnjxXf7Zo="></latexit>

T
<latexit sha1_base64="fSWqqMG+pTWDQPurI+dv825vFeo="></latexit><latexit sha1_base64="fSWqqMG+pTWDQPurI+dv825vFeo="></latexit><latexit sha1_base64="fSWqqMG+pTWDQPurI+dv825vFeo="></latexit><latexit sha1_base64="fSWqqMG+pTWDQPurI+dv825vFeo="></latexit>

19

𝑆場の振動開始

崩壊

P =
vPQp

2
eia/vPQ

<latexit sha1_base64="nVoGnMCsbyGfaWcy6N9ShsM/O6o="></latexit><latexit sha1_base64="nVoGnMCsbyGfaWcy6N9ShsM/O6o="></latexit><latexit sha1_base64="nVoGnMCsbyGfaWcy6N9ShsM/O6o="></latexit><latexit sha1_base64="nVoGnMCsbyGfaWcy6N9ShsM/O6o="></latexit>

1つの位相にアク
シオンが落ち着く

その後、QCDアク
シオンへ

08/01/2019 PPP2019 @ YITP
S. Kobayashi
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崩壊

インフレーション期 インフラトン振動期

放射優勢期

3H < ms
<latexit sha1_base64="5tIN97blu37mclP+ydy/3I7F3Lk=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0GtLAI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2r+i3v636p7FW8GdxV4uekjHI0+qWf3iAmCQdhCMNad31PmiDDylDCYFLsJRokJmM8hK6lAnPQQTa7duKeW2XgRrGyJYw7U/9OZJhrnfLQdnJsRnrZm4r/ed3ERDdBRoVMDAgyXxQlzDWxO33dHVAFxLDUEkwUtbe6ZIQVJsYGtLAlglRwufBHJkeppkRPbFj+cjSrpHVZ8b2Kf18t16p5bAV0is7QBfLRNaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXOu6gBA==</latexit><latexit sha1_base64="5tIN97blu37mclP+ydy/3I7F3Lk=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0GtLAI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2r+i3v636p7FW8GdxV4uekjHI0+qWf3iAmCQdhCMNad31PmiDDylDCYFLsJRokJmM8hK6lAnPQQTa7duKeW2XgRrGyJYw7U/9OZJhrnfLQdnJsRnrZm4r/ed3ERDdBRoVMDAgyXxQlzDWxO33dHVAFxLDUEkwUtbe6ZIQVJsYGtLAlglRwufBHJkeppkRPbFj+cjSrpHVZ8b2Kf18t16p5bAV0is7QBfLRNaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXOu6gBA==</latexit><latexit sha1_base64="5tIN97blu37mclP+ydy/3I7F3Lk=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0GtLAI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2r+i3v636p7FW8GdxV4uekjHI0+qWf3iAmCQdhCMNad31PmiDDylDCYFLsJRokJmM8hK6lAnPQQTa7duKeW2XgRrGyJYw7U/9OZJhrnfLQdnJsRnrZm4r/ed3ERDdBRoVMDAgyXxQlzDWxO33dHVAFxLDUEkwUtbe6ZIQVJsYGtLAlglRwufBHJkeppkRPbFj+cjSrpHVZ8b2Kf18t16p5bAV0is7QBfLRNaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXOu6gBA==</latexit><latexit sha1_base64="Lt99iQPO+GlMWHboLyCeAIZi/Yw=">AAACAXicbVDLSgNBEOyNrxijxrOXwSB4Crte9Ch48RjBPCAJYXa2NxkyMzvMzArLkh/wJPgv3sTv8Fc8OXkcjLGgoajqprsr1oJbF4ZfQWVnd2//oHpYO6rXjk9OG/WuzXLDsMMykZl+TC0KrrDjuBPY1wapjAX24tn9wu89o7E8U0+u0DiSdKJ4yhl1XmqPG82wFS5Btkm0Jk1YY9z4HiYZyyUqxwS1dhCF2o1KahxnAue1YW5RUzajExx4qqhEOyqXZ87JpVcSkmbGl3Jkqf6eKKm0tpCx75TUTe1fbyH+5w1yl96OSq507lCx1aI0F8RlZPEzSbhB5kThCWWG+1sJm1JDmfPJbGxJsVBSb/xR6mlhObNzn1X0N5lt0r1uRWEregyhCudwAVcQwQ3cwQO0oQMMEniBt+A1eA8+VplWgnW4Z7CB4PMHVdKbdg==</latexit><latexit sha1_base64="94hRqvT4o4ZHU15hRT1dC1wdEtI=">AAACCnicbVDLSgNBEOz1GWPU6NXLYhA8hV096MGD4CXHCOYBSQizk95kzMzsMDMrLEv+wZvov3gT/8Ff8eTkcTCJBQ1FVTfdXZHizNgg+PY2Nre2d3YLe8X90sHhUfm41DRJqik2aMIT3Y6IQc4kNiyzHNtKIxERx1Y0vp/6rWfUhiXy0WYKe4IMJYsZJdZJzavareibfrkSVIMZ/HUSLkgFFqj3yz/dQUJTgdJSTozphIGyvZxoyyjHSbGbGlSEjskQO45KItD08tm1E//cKQM/TrQraf2Z+nciJ8KYTESuUxA7MqveVPzP66Q2vunlTKrUoqTzRXHKfZv409f9AdNILc8cIVQzd6tPR0QTal1AS1tizKRQS3/kapQZRs3EhRWuRrNOmpfVMKiGDwEU4BTO4AJCuIY7qEEdGkDhCV7gDd69V+/D+5zHuuEt8j2BJXhfv1rznpI=</latexit><latexit sha1_base64="94hRqvT4o4ZHU15hRT1dC1wdEtI=">AAACCnicbVDLSgNBEOz1GWPU6NXLYhA8hV096MGD4CXHCOYBSQizk95kzMzsMDMrLEv+wZvov3gT/8Ff8eTkcTCJBQ1FVTfdXZHizNgg+PY2Nre2d3YLe8X90sHhUfm41DRJqik2aMIT3Y6IQc4kNiyzHNtKIxERx1Y0vp/6rWfUhiXy0WYKe4IMJYsZJdZJzavareibfrkSVIMZ/HUSLkgFFqj3yz/dQUJTgdJSTozphIGyvZxoyyjHSbGbGlSEjskQO45KItD08tm1E//cKQM/TrQraf2Z+nciJ8KYTESuUxA7MqveVPzP66Q2vunlTKrUoqTzRXHKfZv409f9AdNILc8cIVQzd6tPR0QTal1AS1tizKRQS3/kapQZRs3EhRWuRrNOmpfVMKiGDwEU4BTO4AJCuIY7qEEdGkDhCV7gDd69V+/D+5zHuuEt8j2BJXhfv1rznpI=</latexit><latexit sha1_base64="BWlrLwPtCH8R6kj8P/VegwBk0xU=">AAACFXicbVA9SwNBEN2LXzF+RS1tDoNgFe5U0MIiYJMygvmA5Ah7m7lkze7esrsnHEf+g53of7ETW2v/ipWb5AqT+GDg8d4MM/NCyag2nvftFNbWNza3itulnd29/YPy4VFLx4ki0CQxi1UnxBoYFdA01DDoSAWYhwza4fhu6refQGkaiweTSgg4HgoaUYKNlVqX9Vve1/1yxat6M7irxM9JBeVo9Ms/vUFMEg7CEIa17vqeNEGGlaGEwaTUSzRITMZ4CF1LBeagg2x27cQ9s8rAjWJlSxh3pv6dyDDXOuWh7eTYjPSyNxX/87qJiW6CjAqZGBBkvihKmGtid/q6O6AKiGGpJZgoam91yQgrTIwNaGFLBKngcuGPTI5STYme2LD85WhWSeui6ntV/96r1K7y2IroBJ2ic+Sja1RDddRATUTQI3pGr+jNeXHenQ/nc95acPKZY7QA5+sXOa6gAA==</latexit><latexit sha1_base64="5tIN97blu37mclP+ydy/3I7F3Lk=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0GtLAI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2r+i3v636p7FW8GdxV4uekjHI0+qWf3iAmCQdhCMNad31PmiDDylDCYFLsJRokJmM8hK6lAnPQQTa7duKeW2XgRrGyJYw7U/9OZJhrnfLQdnJsRnrZm4r/ed3ERDdBRoVMDAgyXxQlzDWxO33dHVAFxLDUEkwUtbe6ZIQVJsYGtLAlglRwufBHJkeppkRPbFj+cjSrpHVZ8b2Kf18t16p5bAV0is7QBfLRNaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXOu6gBA==</latexit><latexit sha1_base64="5tIN97blu37mclP+ydy/3I7F3Lk=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0GtLAI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2r+i3v636p7FW8GdxV4uekjHI0+qWf3iAmCQdhCMNad31PmiDDylDCYFLsJRokJmM8hK6lAnPQQTa7duKeW2XgRrGyJYw7U/9OZJhrnfLQdnJsRnrZm4r/ed3ERDdBRoVMDAgyXxQlzDWxO33dHVAFxLDUEkwUtbe6ZIQVJsYGtLAlglRwufBHJkeppkRPbFj+cjSrpHVZ8b2Kf18t16p5bAV0is7QBfLRNaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXOu6gBA==</latexit><latexit sha1_base64="5tIN97blu37mclP+ydy/3I7F3Lk=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0GtLAI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2r+i3v636p7FW8GdxV4uekjHI0+qWf3iAmCQdhCMNad31PmiDDylDCYFLsJRokJmM8hK6lAnPQQTa7duKeW2XgRrGyJYw7U/9OZJhrnfLQdnJsRnrZm4r/ed3ERDdBRoVMDAgyXxQlzDWxO33dHVAFxLDUEkwUtbe6ZIQVJsYGtLAlglRwufBHJkeppkRPbFj+cjSrpHVZ8b2Kf18t16p5bAV0is7QBfLRNaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXOu6gBA==</latexit><latexit sha1_base64="5tIN97blu37mclP+ydy/3I7F3Lk=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0GtLAI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2r+i3v636p7FW8GdxV4uekjHI0+qWf3iAmCQdhCMNad31PmiDDylDCYFLsJRokJmM8hK6lAnPQQTa7duKeW2XgRrGyJYw7U/9OZJhrnfLQdnJsRnrZm4r/ed3ERDdBRoVMDAgyXxQlzDWxO33dHVAFxLDUEkwUtbe6ZIQVJsYGtLAlglRwufBHJkeppkRPbFj+cjSrpHVZ8b2Kf18t16p5bAV0is7QBfLRNaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXOu6gBA==</latexit><latexit sha1_base64="5tIN97blu37mclP+ydy/3I7F3Lk=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0GtLAI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2r+i3v636p7FW8GdxV4uekjHI0+qWf3iAmCQdhCMNad31PmiDDylDCYFLsJRokJmM8hK6lAnPQQTa7duKeW2XgRrGyJYw7U/9OZJhrnfLQdnJsRnrZm4r/ed3ERDdBRoVMDAgyXxQlzDWxO33dHVAFxLDUEkwUtbe6ZIQVJsYGtLAlglRwufBHJkeppkRPbFj+cjSrpHVZ8b2Kf18t16p5bAV0is7QBfLRNaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXOu6gBA==</latexit><latexit sha1_base64="5tIN97blu37mclP+ydy/3I7F3Lk=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0GtLAI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2r+i3v636p7FW8GdxV4uekjHI0+qWf3iAmCQdhCMNad31PmiDDylDCYFLsJRokJmM8hK6lAnPQQTa7duKeW2XgRrGyJYw7U/9OZJhrnfLQdnJsRnrZm4r/ed3ERDdBRoVMDAgyXxQlzDWxO33dHVAFxLDUEkwUtbe6ZIQVJsYGtLAlglRwufBHJkeppkRPbFj+cjSrpHVZ8b2Kf18t16p5bAV0is7QBfLRNaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXOu6gBA==</latexit>

Spectator のダイナミクス
S =

�p
2
ei✓b

<latexit sha1_base64="/l2ASmzkxtmVRSwURisQVSG9Afc="></latexit>

08/01/2019 PPP2019 @ YITP
S. Kobayashi



• 少なくともPQ対称性が破れるまで large field 
value を保ち、振動しない

ポテンシャルのべきに対する制限

21

• コヒーレント振動が宇宙を支配しない

LS-decay = �ysS ̄s s + h.c.
<latexit sha1_base64="QE6XU0DuV0xEkfVH3I7XWg1sy5Q="></latexit><latexit sha1_base64="QE6XU0DuV0xEkfVH3I7XWg1sy5Q="></latexit><latexit sha1_base64="QE6XU0DuV0xEkfVH3I7XWg1sy5Q="></latexit><latexit sha1_base64="QE6XU0DuV0xEkfVH3I7XWg1sy5Q="></latexit>

Massless fermion へ崩壊させる

|S| ' MPl

✓
H

MPl

◆ 1
n�1

<latexit sha1_base64="k+WeFgarIjuvxJdZaqn9vvzcNOQ="></latexit><latexit sha1_base64="k+WeFgarIjuvxJdZaqn9vvzcNOQ="></latexit><latexit sha1_base64="k+WeFgarIjuvxJdZaqn9vvzcNOQ="></latexit><latexit sha1_base64="k+WeFgarIjuvxJdZaqn9vvzcNOQ="></latexit>

Spectatorに対する要請

�2
s

(n!)2M2n�4
Pl

|S|2n, n � 6
<latexit sha1_base64="BEmqQYe+oOAHg7P3yVKPQDHg9Pw="></latexit>

Y. Ema, et al., JCAP 1602, no. 02, 067 (2016) 
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アクシオンのポテンシャル
アクシオンはバイアス項からポテンシャルが生じる。

ここからアクシオンの質量を得る。

22

ma(T )
2 = 2

�M
3
Pl

m!vPQ

✓
H

MPl

◆ m
n�1

' 2
�M

3
Pl

m!vPQ

✓
T

MPl

◆ 2m
n�1

<latexit sha1_base64="WFxHjT4XxYMKS6ukEYTUvlqoF+c="></latexit>

V (a) = 2
�vPQ

m!Mm�3
Pl

✓
�p
2

◆m

cos

✓
a

vPQ
+m✓b

◆

' 2
�

m!
vPQM

3
Pl

✓
H

MPl

◆ m
n�1

cos

✓
a

vPQ
+m✓b

◆

<latexit sha1_base64="ZNuZOX4hm1dJloGVLlMdDaf//Ro="></latexit>

08/01/2019 PPP2019 @ YITP
S. Kobayashi



角度成分のダイナミクス
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V = 2
�vPQ

m!Mm�3
Pl

✓
�p
2

◆m

cos

✓
a

vPQ
+m

b

�

◆

<latexit sha1_base64="1LAk28q/LUCdNJPzNebUYMaPGT8="></latexit>

𝜃: は動かないのか？

✓a
<latexit sha1_base64="nno6ik6wnNfrdl4rl2F9zQRwtd0="></latexit>

✓b
<latexit sha1_base64="NdSOm8zMtIy22/edHqWG7pkbMqI="></latexit>

vPQ ⌧ �
<latexit sha1_base64="q5bde0rxfKGOxjzhKxZOexhIphk="></latexit>

m2
a ' V (0)/v2PQ � V (0)/�2 ' m2

b
<latexit sha1_base64="kGdejDNvt8wXm+Mx+bCwIVx/qVs="></latexit>

𝑎 が圧倒的に速く動くので 𝜃: は一定とみなせる！

2 4 6 8 10
-3-2-10

12
3
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時間発展の概略 ( PQ breaking～ QCD transition)

HIGH LOW
vPQ

<latexit sha1_base64="skcKStyktcn+lixuJHmnjxXf7Zo="></latexit><latexit sha1_base64="skcKStyktcn+lixuJHmnjxXf7Zo="></latexit><latexit sha1_base64="skcKStyktcn+lixuJHmnjxXf7Zo="></latexit><latexit sha1_base64="skcKStyktcn+lixuJHmnjxXf7Zo="></latexit>

T
<latexit sha1_base64="fSWqqMG+pTWDQPurI+dv825vFeo="></latexit><latexit sha1_base64="fSWqqMG+pTWDQPurI+dv825vFeo="></latexit><latexit sha1_base64="fSWqqMG+pTWDQPurI+dv825vFeo="></latexit><latexit sha1_base64="fSWqqMG+pTWDQPurI+dv825vFeo="></latexit>

24

𝑆場の振動開始

崩壊

P =
vPQp

2
eia/vPQ

<latexit sha1_base64="nVoGnMCsbyGfaWcy6N9ShsM/O6o="></latexit><latexit sha1_base64="nVoGnMCsbyGfaWcy6N9ShsM/O6o="></latexit><latexit sha1_base64="nVoGnMCsbyGfaWcy6N9ShsM/O6o="></latexit><latexit sha1_base64="nVoGnMCsbyGfaWcy6N9ShsM/O6o="></latexit>

1つの位相にアク
シオンが落ち着く

その後、QCDアク
シオンへ
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ストリング-ドメインウォール系
の形成

①バイアス項があっても、
ゆらぎの存在により、最
初はバラバラの方向に転
がる。①

①

②
②ポテンシャルの傾きに
沿って、エネルギー最低
点へと転がる。

ストリング-ドメインウォールの形成

25
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ストリング-ドメインウォール系
の消滅
ウォールのエネルギー>ストリングのエネルギーとなると収縮して消滅する

ma(T ) >
⇡

4
H(T ) ln

✓
vPQ

H(T )

◆

<latexit sha1_base64="N8+elfaTNUEr4S3HplprjTZDRug="></latexit><latexit sha1_base64="N8+elfaTNUEr4S3HplprjTZDRug="></latexit><latexit sha1_base64="N8+elfaTNUEr4S3HplprjTZDRug="></latexit><latexit sha1_base64="N8+elfaTNUEr4S3HplprjTZDRug="></latexit>

を満たす温度であれば、ドメインウォールが消滅する。

Ew

Es

=
TwdH(T )2

TsdH(T )
=

Tw

TsH(T )
> 1

<latexit sha1_base64="mBrvTyvrN8GIhK6idihuh8jqk88="></latexit><latexit sha1_base64="mBrvTyvrN8GIhK6idihuh8jqk88="></latexit><latexit sha1_base64="mBrvTyvrN8GIhK6idihuh8jqk88="></latexit><latexit sha1_base64="mBrvTyvrN8GIhK6idihuh8jqk88="></latexit>

26

Tw = 8ma(T )v
2
PQ : ウォールの表面張力

<latexit sha1_base64="YHxdPWl3CL5BWd7qkpSuIV5P2Ic="></latexit><latexit sha1_base64="YHxdPWl3CL5BWd7qkpSuIV5P2Ic="></latexit><latexit sha1_base64="YHxdPWl3CL5BWd7qkpSuIV5P2Ic="></latexit><latexit sha1_base64="VyWUY9dSh8bXlirc4MsIMP7KaBM="></latexit><latexit sha1_base64="Z6qPPSfe1MeOtTODEYZnEIFFV+Y="></latexit><latexit sha1_base64="Z6qPPSfe1MeOtTODEYZnEIFFV+Y="></latexit><latexit sha1_base64="ynRtqX3VTznbr1KTc5GLkcOd/bk="></latexit><latexit sha1_base64="YHxdPWl3CL5BWd7qkpSuIV5P2Ic="></latexit><latexit sha1_base64="YHxdPWl3CL5BWd7qkpSuIV5P2Ic="></latexit><latexit sha1_base64="YHxdPWl3CL5BWd7qkpSuIV5P2Ic="></latexit><latexit sha1_base64="YHxdPWl3CL5BWd7qkpSuIV5P2Ic="></latexit><latexit sha1_base64="YHxdPWl3CL5BWd7qkpSuIV5P2Ic="></latexit><latexit sha1_base64="YHxdPWl3CL5BWd7qkpSuIV5P2Ic="></latexit>

Ts ' 2⇡v2PQ ln

✓
vPQ

H(T )

◆
: ストリングの張力

<latexit sha1_base64="3OCb/k+YMDLTyYfdIv7ncHfy05Y="></latexit><latexit sha1_base64="3OCb/k+YMDLTyYfdIv7ncHfy05Y="></latexit><latexit sha1_base64="3OCb/k+YMDLTyYfdIv7ncHfy05Y="></latexit><latexit sha1_base64="3OCb/k+YMDLTyYfdIv7ncHfy05Y="></latexit>

• 𝑁,- = 1 シナリオよりもずっと早い時期に消滅するので、
𝑓0の制限を回避できる
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時間発展の概略 ( PQ breaking～ QCD transition)

HIGH LOW
vPQ

<latexit sha1_base64="skcKStyktcn+lixuJHmnjxXf7Zo="></latexit><latexit sha1_base64="skcKStyktcn+lixuJHmnjxXf7Zo="></latexit><latexit sha1_base64="skcKStyktcn+lixuJHmnjxXf7Zo="></latexit><latexit sha1_base64="skcKStyktcn+lixuJHmnjxXf7Zo="></latexit>

T
<latexit sha1_base64="fSWqqMG+pTWDQPurI+dv825vFeo="></latexit><latexit sha1_base64="fSWqqMG+pTWDQPurI+dv825vFeo="></latexit><latexit sha1_base64="fSWqqMG+pTWDQPurI+dv825vFeo="></latexit><latexit sha1_base64="fSWqqMG+pTWDQPurI+dv825vFeo="></latexit>

27

𝑆場の振動開始

崩壊

P =
vPQp

2
eia/vPQ

<latexit sha1_base64="nVoGnMCsbyGfaWcy6N9ShsM/O6o="></latexit><latexit sha1_base64="nVoGnMCsbyGfaWcy6N9ShsM/O6o="></latexit><latexit sha1_base64="nVoGnMCsbyGfaWcy6N9ShsM/O6o="></latexit><latexit sha1_base64="nVoGnMCsbyGfaWcy6N9ShsM/O6o="></latexit>

1つの位相にアク
シオンが落ち着く

その後、QCDアク
シオンへ

08/01/2019 PPP2019 @ YITP
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アクシオンポテンシャルの振動
𝑆場が振動を始めると、アクシオンのポテンシャルも振動する。

このとき、 だとアクシオンが転がって、位相がバ
ラバラになる。

3H < ma
<latexit sha1_base64="/kbR9JWu4INIwLBXkkZvBXB73oM=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0KWqQI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2repX3cb9U9ireDO4q8XNSRjka/dJPbxCThIMwhGGtu74nTZBhZShhMCn2Eg0SkzEeQtdSgTnoIJtdO3HPrTJwo1jZEsadqX8nMsy1TnloOzk2I73sTcX/vG5iotsgo0ImBgSZL4oS5prYnb7uDqgCYlhqCSaK2ltdMsIKE2MDWtgSQSq4XPgjk6NUU6InNix/OZpV0rqs+F7Fv78u16p5bAV0is7QBfLRDaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXHz6f+g==</latexit><latexit sha1_base64="/kbR9JWu4INIwLBXkkZvBXB73oM=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0KWqQI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2repX3cb9U9ireDO4q8XNSRjka/dJPbxCThIMwhGGtu74nTZBhZShhMCn2Eg0SkzEeQtdSgTnoIJtdO3HPrTJwo1jZEsadqX8nMsy1TnloOzk2I73sTcX/vG5iotsgo0ImBgSZL4oS5prYnb7uDqgCYlhqCSaK2ltdMsIKE2MDWtgSQSq4XPgjk6NUU6InNix/OZpV0rqs+F7Fv78u16p5bAV0is7QBfLRDaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXHz6f+g==</latexit><latexit sha1_base64="/kbR9JWu4INIwLBXkkZvBXB73oM=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0KWqQI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2repX3cb9U9ireDO4q8XNSRjka/dJPbxCThIMwhGGtu74nTZBhZShhMCn2Eg0SkzEeQtdSgTnoIJtdO3HPrTJwo1jZEsadqX8nMsy1TnloOzk2I73sTcX/vG5iotsgo0ImBgSZL4oS5prYnb7uDqgCYlhqCSaK2ltdMsIKE2MDWtgSQSq4XPgjk6NUU6InNix/OZpV0rqs+F7Fv78u16p5bAV0is7QBfLRDaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXHz6f+g==</latexit><latexit sha1_base64="/kbR9JWu4INIwLBXkkZvBXB73oM=">AAACFXicbVA9SwNBEN3zM8avqKXNYRCswp0KWqQI2KSMYD4gOcLeZi5Zs7u37O4Jx5H/YCf6X+zE1tq/YuUmucIkPhh4vDfDzLxQMqqN5307a+sbm1vbhZ3i7t7+wWHp6Lil40QRaJKYxaoTYg2MCmgaahh0pALMQwbtcHw39dtPoDSNxYNJJQQcDwWNKMHGSq2repX3cb9U9ireDO4q8XNSRjka/dJPbxCThIMwhGGtu74nTZBhZShhMCn2Eg0SkzEeQtdSgTnoIJtdO3HPrTJwo1jZEsadqX8nMsy1TnloOzk2I73sTcX/vG5iotsgo0ImBgSZL4oS5prYnb7uDqgCYlhqCSaK2ltdMsIKE2MDWtgSQSq4XPgjk6NUU6InNix/OZpV0rqs+F7Fv78u16p5bAV0is7QBfLRDaqhOmqgJiLoET2jV/TmvDjvzofzOW9dc/KZE7QA5+sXHz6f+g==</latexit>

ms & 3H > ma
<latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="Lt99iQPO+GlMWHboLyCeAIZi/Yw=">AAACAXicbVDLSgNBEOyNrxijxrOXwSB4Crte9Ch48RjBPCAJYXa2NxkyMzvMzArLkh/wJPgv3sTv8Fc8OXkcjLGgoajqprsr1oJbF4ZfQWVnd2//oHpYO6rXjk9OG/WuzXLDsMMykZl+TC0KrrDjuBPY1wapjAX24tn9wu89o7E8U0+u0DiSdKJ4yhl1XmqPG82wFS5Btkm0Jk1YY9z4HiYZyyUqxwS1dhCF2o1KahxnAue1YW5RUzajExx4qqhEOyqXZ87JpVcSkmbGl3Jkqf6eKKm0tpCx75TUTe1fbyH+5w1yl96OSq507lCx1aI0F8RlZPEzSbhB5kThCWWG+1sJm1JDmfPJbGxJsVBSb/xR6mlhObNzn1X0N5lt0r1uRWEregyhCudwAVcQwQ3cwQO0oQMMEniBt+A1eA8+VplWgnW4Z7CB4PMHVdKbdg==</latexit><latexit sha1_base64="zk71PJ7MHWa7TUY296vneLuNXkA=">AAACF3icbZDLSgMxFIbP1FutVadu3QSL4KrM6EJXIrjpsoK9QDsMmTTThiaZIckow9BHcSf6Lu7Ela/iyvSysK0HAj//f8I554tSzrTxvG+ntLW9s7tX3q8cVA+Pjt1ataOTTBHaJglPVC/CmnImadsww2kvVRSLiNNuNLmf5d0nqjRL5KPJUxoIPJIsZgQba4VuTYR6MDK2QaCr5q0IcejWvYY3L7Qp/KWow7JaofszGCYkE1QawrHWfd9LTVBgZRjhdFoZZJqmmEzwiPatlFhQHRTz1afo3DpDFCfKPmnQ3P37o8BC61xEtlNgM9br2cz8L+tnJr4JCibTzFBJFoPijCOToBkHNGSKEsNzKzBRzO6KyBgrTIyltTIlprkU6codRTrONSN6amH562g2Reey4XsN/8GDMpzCGVyAD9dwB01oQRsIPMMLvMG78+p8OJ8LrCVnyfcEVsr5+gWKtqNl</latexit><latexit sha1_base64="zk71PJ7MHWa7TUY296vneLuNXkA=">AAACF3icbZDLSgMxFIbP1FutVadu3QSL4KrM6EJXIrjpsoK9QDsMmTTThiaZIckow9BHcSf6Lu7Ela/iyvSysK0HAj//f8I554tSzrTxvG+ntLW9s7tX3q8cVA+Pjt1ataOTTBHaJglPVC/CmnImadsww2kvVRSLiNNuNLmf5d0nqjRL5KPJUxoIPJIsZgQba4VuTYR6MDK2QaCr5q0IcejWvYY3L7Qp/KWow7JaofszGCYkE1QawrHWfd9LTVBgZRjhdFoZZJqmmEzwiPatlFhQHRTz1afo3DpDFCfKPmnQ3P37o8BC61xEtlNgM9br2cz8L+tnJr4JCibTzFBJFoPijCOToBkHNGSKEsNzKzBRzO6KyBgrTIyltTIlprkU6codRTrONSN6amH562g2Reey4XsN/8GDMpzCGVyAD9dwB01oQRsIPMMLvMG78+p8OJ8LrCVnyfcEVsr5+gWKtqNl</latexit><latexit sha1_base64="QUYtvC2vCMPThZQ2jPMiifdfZ7M=">AAACInicbVDLSgMxFM34rPU11aWbYBFclRld6EKk4KbLCvYB7TBk0kwbmmRCklGGoZ/iTvRf3IkrwS9xZdrOwrYeCBzOOZd7cyLJqDae9+WsrW9sbm2Xdsq7e/sHh27lqK2TVGHSwglLVDdCmjAqSMtQw0hXKoJ4xEgnGt9N/c4jUZom4sFkkgQcDQWNKUbGSqFb4aHuD40NcHjZuOUhCt2qV/NmgKvEL0gVFGiG7k9/kOCUE2EwQ1r3fE+aIEfKUMzIpNxPNZEIj9GQ9CwViBMd5LPTJ/DMKgMYJ8o+YeBM/TuRI651xiOb5MiM9LI3Ff/zeqmJr4OcCpkaIvB8UZwyaBI47QEOqCLYsMwShBW1t0I8QgphY9ta2BKTTHC58I9cjjJNsZ7YsvzlalZJ+6LmezX/3qvWb4raSuAEnIJz4IMrUAcN0AQtgMETeAav4M15cd6dD+dzHl1zipljsADn+xefI6To</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit>
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アクシオン質量の温度依存性
PQ対称性の破れの直後

であるから、

𝑆場の振動開始前後

H
<latexit sha1_base64="6Z4S9uIBdU/BeFx1CSvOh4eOhMo="></latexit><latexit sha1_base64="6Z4S9uIBdU/BeFx1CSvOh4eOhMo="></latexit><latexit sha1_base64="6Z4S9uIBdU/BeFx1CSvOh4eOhMo="></latexit><latexit sha1_base64="6Z4S9uIBdU/BeFx1CSvOh4eOhMo="></latexit>

は よりも速く落ちる！ma
<latexit sha1_base64="5EyQm20qoRvUYvqfTFpjKwulK9k="></latexit><latexit sha1_base64="5EyQm20qoRvUYvqfTFpjKwulK9k="></latexit><latexit sha1_base64="5EyQm20qoRvUYvqfTFpjKwulK9k="></latexit><latexit sha1_base64="5EyQm20qoRvUYvqfTFpjKwulK9k="></latexit>

m > 2(n� 1)
<latexit sha1_base64="Nsafj+a3As6sjz+kVpncYNwxucg="></latexit><latexit sha1_base64="Nsafj+a3As6sjz+kVpncYNwxucg="></latexit><latexit sha1_base64="Nsafj+a3As6sjz+kVpncYNwxucg="></latexit><latexit sha1_base64="Nsafj+a3As6sjz+kVpncYNwxucg="></latexit>

minimal な模型は

ms & 3H > ma
<latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="Lt99iQPO+GlMWHboLyCeAIZi/Yw=">AAACAXicbVDLSgNBEOyNrxijxrOXwSB4Crte9Ch48RjBPCAJYXa2NxkyMzvMzArLkh/wJPgv3sTv8Fc8OXkcjLGgoajqprsr1oJbF4ZfQWVnd2//oHpYO6rXjk9OG/WuzXLDsMMykZl+TC0KrrDjuBPY1wapjAX24tn9wu89o7E8U0+u0DiSdKJ4yhl1XmqPG82wFS5Btkm0Jk1YY9z4HiYZyyUqxwS1dhCF2o1KahxnAue1YW5RUzajExx4qqhEOyqXZ87JpVcSkmbGl3Jkqf6eKKm0tpCx75TUTe1fbyH+5w1yl96OSq507lCx1aI0F8RlZPEzSbhB5kThCWWG+1sJm1JDmfPJbGxJsVBSb/xR6mlhObNzn1X0N5lt0r1uRWEregyhCudwAVcQwQ3cwQO0oQMMEniBt+A1eA8+VplWgnW4Z7CB4PMHVdKbdg==</latexit><latexit sha1_base64="zk71PJ7MHWa7TUY296vneLuNXkA=">AAACF3icbZDLSgMxFIbP1FutVadu3QSL4KrM6EJXIrjpsoK9QDsMmTTThiaZIckow9BHcSf6Lu7Ela/iyvSysK0HAj//f8I554tSzrTxvG+ntLW9s7tX3q8cVA+Pjt1ataOTTBHaJglPVC/CmnImadsww2kvVRSLiNNuNLmf5d0nqjRL5KPJUxoIPJIsZgQba4VuTYR6MDK2QaCr5q0IcejWvYY3L7Qp/KWow7JaofszGCYkE1QawrHWfd9LTVBgZRjhdFoZZJqmmEzwiPatlFhQHRTz1afo3DpDFCfKPmnQ3P37o8BC61xEtlNgM9br2cz8L+tnJr4JCibTzFBJFoPijCOToBkHNGSKEsNzKzBRzO6KyBgrTIyltTIlprkU6codRTrONSN6amH562g2Reey4XsN/8GDMpzCGVyAD9dwB01oQRsIPMMLvMG78+p8OJ8LrCVnyfcEVsr5+gWKtqNl</latexit><latexit sha1_base64="zk71PJ7MHWa7TUY296vneLuNXkA=">AAACF3icbZDLSgMxFIbP1FutVadu3QSL4KrM6EJXIrjpsoK9QDsMmTTThiaZIckow9BHcSf6Lu7Ela/iyvSysK0HAj//f8I554tSzrTxvG+ntLW9s7tX3q8cVA+Pjt1ataOTTBHaJglPVC/CmnImadsww2kvVRSLiNNuNLmf5d0nqjRL5KPJUxoIPJIsZgQba4VuTYR6MDK2QaCr5q0IcejWvYY3L7Qp/KWow7JaofszGCYkE1QawrHWfd9LTVBgZRjhdFoZZJqmmEzwiPatlFhQHRTz1afo3DpDFCfKPmnQ3P37o8BC61xEtlNgM9br2cz8L+tnJr4JCibTzFBJFoPijCOToBkHNGSKEsNzKzBRzO6KyBgrTIyltTIlprkU6codRTrONSN6amH562g2Reey4XsN/8GDMpzCGVyAD9dwB01oQRsIPMMLvMG78+p8OJ8LrCVnyfcEVsr5+gWKtqNl</latexit><latexit sha1_base64="QUYtvC2vCMPThZQ2jPMiifdfZ7M=">AAACInicbVDLSgMxFM34rPU11aWbYBFclRld6EKk4KbLCvYB7TBk0kwbmmRCklGGoZ/iTvRf3IkrwS9xZdrOwrYeCBzOOZd7cyLJqDae9+WsrW9sbm2Xdsq7e/sHh27lqK2TVGHSwglLVDdCmjAqSMtQw0hXKoJ4xEgnGt9N/c4jUZom4sFkkgQcDQWNKUbGSqFb4aHuD40NcHjZuOUhCt2qV/NmgKvEL0gVFGiG7k9/kOCUE2EwQ1r3fE+aIEfKUMzIpNxPNZEIj9GQ9CwViBMd5LPTJ/DMKgMYJ8o+YeBM/TuRI651xiOb5MiM9LI3Ff/zeqmJr4OcCpkaIvB8UZwyaBI47QEOqCLYsMwShBW1t0I8QgphY9ta2BKTTHC58I9cjjJNsZ7YsvzlalZJ+6LmezX/3qvWb4raSuAEnIJz4IMrUAcN0AQtgMETeAav4M15cd6dD+dzHl1zipljsADn+xefI6To</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit><latexit sha1_base64="OGTFcVYU68CAjEGIxp0w4pVh7nw=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPdGxob4PCifssDFLgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8CoGOk7A==</latexit>

ma & 3H > ms
<latexit sha1_base64="+v8GnJ9Mgot2t+wxKXtAq7gtZEY=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPUGxob4PCifssDHbgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8Cn2ek7A==</latexit><latexit sha1_base64="+v8GnJ9Mgot2t+wxKXtAq7gtZEY=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPUGxob4PCifssDHbgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8Cn2ek7A==</latexit><latexit sha1_base64="+v8GnJ9Mgot2t+wxKXtAq7gtZEY=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPUGxob4PCifssDHbgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8Cn2ek7A==</latexit><latexit sha1_base64="Lt99iQPO+GlMWHboLyCeAIZi/Yw=">AAACAXicbVDLSgNBEOyNrxijxrOXwSB4Crte9Ch48RjBPCAJYXa2NxkyMzvMzArLkh/wJPgv3sTv8Fc8OXkcjLGgoajqprsr1oJbF4ZfQWVnd2//oHpYO6rXjk9OG/WuzXLDsMMykZl+TC0KrrDjuBPY1wapjAX24tn9wu89o7E8U0+u0DiSdKJ4yhl1XmqPG82wFS5Btkm0Jk1YY9z4HiYZyyUqxwS1dhCF2o1KahxnAue1YW5RUzajExx4qqhEOyqXZ87JpVcSkmbGl3Jkqf6eKKm0tpCx75TUTe1fbyH+5w1yl96OSq507lCx1aI0F8RlZPEzSbhB5kThCWWG+1sJm1JDmfPJbGxJsVBSb/xR6mlhObNzn1X0N5lt0r1uRWEregyhCudwAVcQwQ3cwQO0oQMMEniBt+A1eA8+VplWgnW4Z7CB4PMHVdKbdg==</latexit><latexit sha1_base64="a67Is9cZcUK8fMk9Puwl3N5QOZA=">AAACF3icbZDLSgMxFIbP1FutVadu3QSL4KrM6EJXIrjpsoK9QDsMmTTThiaZIckow9BHcSf6Lu7Ela/iyvSysK0HAj//f8I554tSzrTxvG+ntLW9s7tX3q8cVA+Pjt1ataOTTBHaJglPVC/CmnImadsww2kvVRSLiNNuNLmf5d0nqjRL5KPJUxoIPJIsZgQba4VuTYR4MDK2QaCr5q0IdejWvYY3L7Qp/KWow7JaofszGCYkE1QawrHWfd9LTVBgZRjhdFoZZJqmmEzwiPatlFhQHRTz1afo3DpDFCfKPmnQ3P37o8BC61xEtlNgM9br2cz8L+tnJr4JCibTzFBJFoPijCOToBkHNGSKEsNzKzBRzO6KyBgrTIyltTIlprkU6codRTrONSN6amH562g2Reey4XsN/8GDMpzCGVyAD9dwB01oQRsIPMMLvMG78+p8OJ8LrCVnyfcEVsr5+gWJuqNl</latexit><latexit sha1_base64="a67Is9cZcUK8fMk9Puwl3N5QOZA=">AAACF3icbZDLSgMxFIbP1FutVadu3QSL4KrM6EJXIrjpsoK9QDsMmTTThiaZIckow9BHcSf6Lu7Ela/iyvSysK0HAj//f8I554tSzrTxvG+ntLW9s7tX3q8cVA+Pjt1ataOTTBHaJglPVC/CmnImadsww2kvVRSLiNNuNLmf5d0nqjRL5KPJUxoIPJIsZgQba4VuTYR4MDK2QaCr5q0IdejWvYY3L7Qp/KWow7JaofszGCYkE1QawrHWfd9LTVBgZRjhdFoZZJqmmEzwiPatlFhQHRTz1afo3DpDFCfKPmnQ3P37o8BC61xEtlNgM9br2cz8L+tnJr4JCibTzFBJFoPijCOToBkHNGSKEsNzKzBRzO6KyBgrTIyltTIlprkU6codRTrONSN6amH562g2Reey4XsN/8GDMpzCGVyAD9dwB01oQRsIPMMLvMG78+p8OJ8LrCVnyfcEVsr5+gWJuqNl</latexit><latexit sha1_base64="CWcso84NXNFNzi1KiQJQhSnEje8=">AAACInicbVDLSgMxFM34rPU11aWbYBFclRld6EKk4KbLCvYB7TBk0kwbmmRCklGGoZ/iTvRf3IkrwS9xZdrOwrYeCBzOOZd7cyLJqDae9+WsrW9sbm2Xdsq7e/sHh27lqK2TVGHSwglLVDdCmjAqSMtQw0hXKoJ4xEgnGt9N/c4jUZom4sFkkgQcDQWNKUbGSqFb4SHqD40NcHjZuOWhDt2qV/NmgKvEL0gVFGiG7k9/kOCUE2EwQ1r3fE+aIEfKUMzIpNxPNZEIj9GQ9CwViBMd5LPTJ/DMKgMYJ8o+YeBM/TuRI651xiOb5MiM9LI3Ff/zeqmJr4OcCpkaIvB8UZwyaBI47QEOqCLYsMwShBW1t0I8QgphY9ta2BKTTHC58I9cjjJNsZ7YsvzlalZJ+6LmezX/3qvWb4raSuAEnIJz4IMrUAcN0AQtgMETeAav4M15cd6dD+dzHl1zipljsADn+xeeJ6To</latexit><latexit sha1_base64="+v8GnJ9Mgot2t+wxKXtAq7gtZEY=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPUGxob4PCifssDHbgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8Cn2ek7A==</latexit><latexit sha1_base64="+v8GnJ9Mgot2t+wxKXtAq7gtZEY=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPUGxob4PCifssDHbgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8Cn2ek7A==</latexit><latexit sha1_base64="+v8GnJ9Mgot2t+wxKXtAq7gtZEY=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPUGxob4PCifssDHbgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8Cn2ek7A==</latexit><latexit sha1_base64="+v8GnJ9Mgot2t+wxKXtAq7gtZEY=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPUGxob4PCifssDHbgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8Cn2ek7A==</latexit><latexit sha1_base64="+v8GnJ9Mgot2t+wxKXtAq7gtZEY=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPUGxob4PCifssDHbgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8Cn2ek7A==</latexit><latexit sha1_base64="+v8GnJ9Mgot2t+wxKXtAq7gtZEY=">AAACInicbVDLSgMxFM3UV62vqS7dBIvgqsyooAuRgpsuK9gHtGXIpJk2NMmEJKMMQz/Fnei/uBNXgl/iyrSdhW09EDiccy735oSSUW0878sprK1vbG4Vt0s7u3v7B275sKXjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HN9N/fYjUZrG4sGkkvQ5GgoaUYyMlQK3zAPUGxob4PCifssDHbgVr+rNAFeJn5MKyNEI3J/eIMYJJ8JghrTu+p40/QwpQzEjk1Iv0UQiPEZD0rVUIE50P5udPoGnVhnAKFb2CQNn6t+JDHGtUx7aJEdmpJe9qfif101MdN3PqJCJIQLPF0UJgyaG0x7ggCqCDUstQVhReyvEI6QQNrathS0RSQWXC//I5CjVFOuJLctfrmaVtM6rvlf17y8rtZu8tiI4BifgDPjgCtRAHTRAE2DwBJ7BK3hzXpx358P5nEcLTj5zBBbgfP8Cn2ek7A==</latexit>
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ma(T )
2 /

✓
H

MPl

◆ m
n�1

<latexit sha1_base64="Ni1LyO7xdpOEsp0DFjAOGVNS/n8="></latexit>

n = 6, m = 11
<latexit sha1_base64="R3QS0OUntHHC67cKzGyOQQHyerQ="></latexit>
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パラメータへの制限
ドメインウォールが崩壊しなくなる温度 Tcoll

<latexit sha1_base64="oqnI1j1Je0Ws2ahAhDBLBInHBrs="></latexit><latexit sha1_base64="oqnI1j1Je0Ws2ahAhDBLBInHBrs="></latexit><latexit sha1_base64="oqnI1j1Je0Ws2ahAhDBLBInHBrs="></latexit><latexit sha1_base64="oqnI1j1Je0Ws2ahAhDBLBInHBrs="></latexit>

ma(Tcoll) =
⇡

4
H(Tcoll) ln

✓
vPQ

H(Tcoll)

◆

<latexit sha1_base64="h9WyD3qrrxVR2rhHBw+zdleLOrc="></latexit><latexit sha1_base64="h9WyD3qrrxVR2rhHBw+zdleLOrc="></latexit><latexit sha1_base64="h9WyD3qrrxVR2rhHBw+zdleLOrc="></latexit><latexit sha1_base64="h9WyD3qrrxVR2rhHBw+zdleLOrc="></latexit>

アクシオンが転がらなくなる温度 Tfric
<latexit sha1_base64="n9JQOq8MMQ9LXAlMPQS54k93jFQ="></latexit><latexit sha1_base64="n9JQOq8MMQ9LXAlMPQS54k93jFQ="></latexit><latexit sha1_base64="n9JQOq8MMQ9LXAlMPQS54k93jFQ="></latexit><latexit sha1_base64="n9JQOq8MMQ9LXAlMPQS54k93jFQ="></latexit>

これらの量に対し、

Tcoll(�) < vPQ
<latexit sha1_base64="FGI/SgYx+JivdvYah1DC7nQcwXs="></latexit><latexit sha1_base64="FGI/SgYx+JivdvYah1DC7nQcwXs="></latexit><latexit sha1_base64="FGI/SgYx+JivdvYah1DC7nQcwXs="></latexit><latexit sha1_base64="FGI/SgYx+JivdvYah1DC7nQcwXs="></latexit>

がパラメータへの制限になる。

ma(Tfric) = 3H(Tfric)
<latexit sha1_base64="0t2Zm3txcwvTh/TUJAAM/aEi3q4=">AAACPXicbVDLSsNAFJ3UV62vqEs3wSJUkJKooAuFgpsuK/QFbQmT6aQdOjMJMxMhhPyEX+NO9C/8AHfiVnDlpM3CPg5cOJxzL/fe44WUSGXbH0ZhbX1jc6u4XdrZ3ds/MA+P2jKIBMItFNBAdD0oMSUctxRRFHdDgSHzKO54k4fM7zxhIUnAmyoO8YDBESc+QVBpyTUvmAsrTTfpM6jGgiW+IChNz++v6itU1yzbVXsKa5k4OSmDHA3X/O0PAxQxzBWiUMqeY4dqkEChCKI4LfUjiUOIJnCEe5pyyLAcJNOvUutMK0PLD4Qurqyp+n8igUzKmHm6MztTLnqZuMrrRcq/HSSEh5HCHM0W+RG1VGBlEVlDIjBSNNYEIkH0rRYaQwGR0kHObfFxzFk490cSjmNJkEx1WM5iNMukfVl17KrzeF2u3eWxFcEJOAUV4IAbUAN10AAtgMAzeAFv4N14NT6NL+N71low8pljMAfj5w+Wv7Ci</latexit><latexit sha1_base64="0t2Zm3txcwvTh/TUJAAM/aEi3q4=">AAACPXicbVDLSsNAFJ3UV62vqEs3wSJUkJKooAuFgpsuK/QFbQmT6aQdOjMJMxMhhPyEX+NO9C/8AHfiVnDlpM3CPg5cOJxzL/fe44WUSGXbH0ZhbX1jc6u4XdrZ3ds/MA+P2jKIBMItFNBAdD0oMSUctxRRFHdDgSHzKO54k4fM7zxhIUnAmyoO8YDBESc+QVBpyTUvmAsrTTfpM6jGgiW+IChNz++v6itU1yzbVXsKa5k4OSmDHA3X/O0PAxQxzBWiUMqeY4dqkEChCKI4LfUjiUOIJnCEe5pyyLAcJNOvUutMK0PLD4Qurqyp+n8igUzKmHm6MztTLnqZuMrrRcq/HSSEh5HCHM0W+RG1VGBlEVlDIjBSNNYEIkH0rRYaQwGR0kHObfFxzFk490cSjmNJkEx1WM5iNMukfVl17KrzeF2u3eWxFcEJOAUV4IAbUAN10AAtgMAzeAFv4N14NT6NL+N71low8pljMAfj5w+Wv7Ci</latexit><latexit sha1_base64="0t2Zm3txcwvTh/TUJAAM/aEi3q4=">AAACPXicbVDLSsNAFJ3UV62vqEs3wSJUkJKooAuFgpsuK/QFbQmT6aQdOjMJMxMhhPyEX+NO9C/8AHfiVnDlpM3CPg5cOJxzL/fe44WUSGXbH0ZhbX1jc6u4XdrZ3ds/MA+P2jKIBMItFNBAdD0oMSUctxRRFHdDgSHzKO54k4fM7zxhIUnAmyoO8YDBESc+QVBpyTUvmAsrTTfpM6jGgiW+IChNz++v6itU1yzbVXsKa5k4OSmDHA3X/O0PAxQxzBWiUMqeY4dqkEChCKI4LfUjiUOIJnCEe5pyyLAcJNOvUutMK0PLD4Qurqyp+n8igUzKmHm6MztTLnqZuMrrRcq/HSSEh5HCHM0W+RG1VGBlEVlDIjBSNNYEIkH0rRYaQwGR0kHObfFxzFk490cSjmNJkEx1WM5iNMukfVl17KrzeF2u3eWxFcEJOAUV4IAbUAN10AAtgMAzeAFv4N14NT6NL+N71low8pljMAfj5w+Wv7Ci</latexit><latexit sha1_base64="Lt99iQPO+GlMWHboLyCeAIZi/Yw=">AAACAXicbVDLSgNBEOyNrxijxrOXwSB4Crte9Ch48RjBPCAJYXa2NxkyMzvMzArLkh/wJPgv3sTv8Fc8OXkcjLGgoajqprsr1oJbF4ZfQWVnd2//oHpYO6rXjk9OG/WuzXLDsMMykZl+TC0KrrDjuBPY1wapjAX24tn9wu89o7E8U0+u0DiSdKJ4yhl1XmqPG82wFS5Btkm0Jk1YY9z4HiYZyyUqxwS1dhCF2o1KahxnAue1YW5RUzajExx4qqhEOyqXZ87JpVcSkmbGl3Jkqf6eKKm0tpCx75TUTe1fbyH+5w1yl96OSq507lCx1aI0F8RlZPEzSbhB5kThCWWG+1sJm1JDmfPJbGxJsVBSb/xR6mlhObNzn1X0N5lt0r1uRWEregyhCudwAVcQwQ3cwQO0oQMMEniBt+A1eA8+VplWgnW4Z7CB4PMHVdKbdg==</latexit><latexit sha1_base64="tuNl/Pv5vrxEaEqb/2j5J5Q+Vns=">AAACMnicbZDLSsNAFIZP6q3WqtGtm2ARKkhJdKEbQXDTZYXeoC1hMp20Q2cmYWYihJCX8Gncib6FD+BOfABXTi8Lezlw4Of/ZzjnfEHMqNKu+2kVtrZ3dveK+6WD8uHRsX1SbqsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTTB6neeeZSEUj0dRpTAYcjQQNKUbaWL59xX1UbfpZnyM9ljwLJcV5fnl/U9/g+nbFrbmzctaFtxAVWFTDt3/7wwgnnAiNGVKq57mxHmRIaooZyUv9RJEY4QkakZ6RAnGiBtnsqty5MM7QCSNpWmhn5v7/kSGuVMoD83K6plrNpuamrJfo8G6QUREnmgg8HxQmzNGRM0XkDKkkWLPUCIQlNbs6eIwkwtqAXJoSklTweOmOLB6nimKVG1jeKpp10b6ueW7Ne3KhCGdwDlXw4BYeoA4NaAGGF3iFd/iw3qwv63uOtWAt+J7CUlk/fwUarwA=</latexit><latexit sha1_base64="tuNl/Pv5vrxEaEqb/2j5J5Q+Vns=">AAACMnicbZDLSsNAFIZP6q3WqtGtm2ARKkhJdKEbQXDTZYXeoC1hMp20Q2cmYWYihJCX8Gncib6FD+BOfABXTi8Lezlw4Of/ZzjnfEHMqNKu+2kVtrZ3dveK+6WD8uHRsX1SbqsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTTB6neeeZSEUj0dRpTAYcjQQNKUbaWL59xX1UbfpZnyM9ljwLJcV5fnl/U9/g+nbFrbmzctaFtxAVWFTDt3/7wwgnnAiNGVKq57mxHmRIaooZyUv9RJEY4QkakZ6RAnGiBtnsqty5MM7QCSNpWmhn5v7/kSGuVMoD83K6plrNpuamrJfo8G6QUREnmgg8HxQmzNGRM0XkDKkkWLPUCIQlNbs6eIwkwtqAXJoSklTweOmOLB6nimKVG1jeKpp10b6ueW7Ne3KhCGdwDlXw4BYeoA4NaAGGF3iFd/iw3qwv63uOtWAt+J7CUlk/fwUarwA=</latexit><latexit sha1_base64="r7sqDzDvxE/AJNiSZdGViGXfLAw=">AAACPXicbVDLSsNAFJ34rPUVdekmWIQKUhJd6EKh4KbLCn1BG8JkOmmHzkzCzEQIIT/h17gT/Qs/wJ24FVw5abOwjwMXDufcy733+BElUtn2h7G2vrG5tV3aKe/u7R8cmkfHHRnGAuE2Cmkoej6UmBKO24ooinuRwJD5FHf9yUPud5+wkCTkLZVE2GVwxElAEFRa8sxL5sFqy0sHDKqxYGkgCMqyi/vrxgrVMyt2zZ7CWiZOQSqgQNMzfwfDEMUMc4UolLLv2JFyUygUQRRn5UEscQTRBI5wX1MOGZZuOv0qs861MrSCUOjiypqq/ydSyKRMmK878zPlopeLq7x+rIJbNyU8ihXmaLYoiKmlQiuPyBoSgZGiiSYQCaJvtdAYCoiUDnJuS4ATzqK5P9JonEiCZKbDchajWSadq5pj15xHu1K/K2IrgVNwBqrAATegDhqgCdoAgWfwAt7Au/FqfBpfxvesdc0oZk7AHIyfP5V/sJ4=</latexit><latexit sha1_base64="0t2Zm3txcwvTh/TUJAAM/aEi3q4=">AAACPXicbVDLSsNAFJ3UV62vqEs3wSJUkJKooAuFgpsuK/QFbQmT6aQdOjMJMxMhhPyEX+NO9C/8AHfiVnDlpM3CPg5cOJxzL/fe44WUSGXbH0ZhbX1jc6u4XdrZ3ds/MA+P2jKIBMItFNBAdD0oMSUctxRRFHdDgSHzKO54k4fM7zxhIUnAmyoO8YDBESc+QVBpyTUvmAsrTTfpM6jGgiW+IChNz++v6itU1yzbVXsKa5k4OSmDHA3X/O0PAxQxzBWiUMqeY4dqkEChCKI4LfUjiUOIJnCEe5pyyLAcJNOvUutMK0PLD4Qurqyp+n8igUzKmHm6MztTLnqZuMrrRcq/HSSEh5HCHM0W+RG1VGBlEVlDIjBSNNYEIkH0rRYaQwGR0kHObfFxzFk490cSjmNJkEx1WM5iNMukfVl17KrzeF2u3eWxFcEJOAUV4IAbUAN10AAtgMAzeAFv4N14NT6NL+N71low8pljMAfj5w+Wv7Ci</latexit><latexit sha1_base64="0t2Zm3txcwvTh/TUJAAM/aEi3q4=">AAACPXicbVDLSsNAFJ3UV62vqEs3wSJUkJKooAuFgpsuK/QFbQmT6aQdOjMJMxMhhPyEX+NO9C/8AHfiVnDlpM3CPg5cOJxzL/fe44WUSGXbH0ZhbX1jc6u4XdrZ3ds/MA+P2jKIBMItFNBAdD0oMSUctxRRFHdDgSHzKO54k4fM7zxhIUnAmyoO8YDBESc+QVBpyTUvmAsrTTfpM6jGgiW+IChNz++v6itU1yzbVXsKa5k4OSmDHA3X/O0PAxQxzBWiUMqeY4dqkEChCKI4LfUjiUOIJnCEe5pyyLAcJNOvUutMK0PLD4Qurqyp+n8igUzKmHm6MztTLnqZuMrrRcq/HSSEh5HCHM0W+RG1VGBlEVlDIjBSNNYEIkH0rRYaQwGR0kHObfFxzFk490cSjmNJkEx1WM5iNMukfVl17KrzeF2u3eWxFcEJOAUV4IAbUAN10AAtgMAzeAFv4N14NT6NL+N71low8pljMAfj5w+Wv7Ci</latexit><latexit sha1_base64="0t2Zm3txcwvTh/TUJAAM/aEi3q4=">AAACPXicbVDLSsNAFJ3UV62vqEs3wSJUkJKooAuFgpsuK/QFbQmT6aQdOjMJMxMhhPyEX+NO9C/8AHfiVnDlpM3CPg5cOJxzL/fe44WUSGXbH0ZhbX1jc6u4XdrZ3ds/MA+P2jKIBMItFNBAdD0oMSUctxRRFHdDgSHzKO54k4fM7zxhIUnAmyoO8YDBESc+QVBpyTUvmAsrTTfpM6jGgiW+IChNz++v6itU1yzbVXsKa5k4OSmDHA3X/O0PAxQxzBWiUMqeY4dqkEChCKI4LfUjiUOIJnCEe5pyyLAcJNOvUutMK0PLD4Qurqyp+n8igUzKmHm6MztTLnqZuMrrRcq/HSSEh5HCHM0W+RG1VGBlEVlDIjBSNNYEIkH0rRYaQwGR0kHObfFxzFk490cSjmNJkEx1WM5iNMukfVl17KrzeF2u3eWxFcEJOAUV4IAbUAN10AAtgMAzeAFv4N14NT6NL+N71low8pljMAfj5w+Wv7Ci</latexit><latexit sha1_base64="0t2Zm3txcwvTh/TUJAAM/aEi3q4=">AAACPXicbVDLSsNAFJ3UV62vqEs3wSJUkJKooAuFgpsuK/QFbQmT6aQdOjMJMxMhhPyEX+NO9C/8AHfiVnDlpM3CPg5cOJxzL/fe44WUSGXbH0ZhbX1jc6u4XdrZ3ds/MA+P2jKIBMItFNBAdD0oMSUctxRRFHdDgSHzKO54k4fM7zxhIUnAmyoO8YDBESc+QVBpyTUvmAsrTTfpM6jGgiW+IChNz++v6itU1yzbVXsKa5k4OSmDHA3X/O0PAxQxzBWiUMqeY4dqkEChCKI4LfUjiUOIJnCEe5pyyLAcJNOvUutMK0PLD4Qurqyp+n8igUzKmHm6MztTLnqZuMrrRcq/HSSEh5HCHM0W+RG1VGBlEVlDIjBSNNYEIkH0rRYaQwGR0kHObfFxzFk490cSjmNJkEx1WM5iNMukfVl17KrzeF2u3eWxFcEJOAUV4IAbUAN10AAtgMAzeAFv4N14NT6NL+N71low8pljMAfj5w+Wv7Ci</latexit><latexit sha1_base64="0t2Zm3txcwvTh/TUJAAM/aEi3q4=">AAACPXicbVDLSsNAFJ3UV62vqEs3wSJUkJKooAuFgpsuK/QFbQmT6aQdOjMJMxMhhPyEX+NO9C/8AHfiVnDlpM3CPg5cOJxzL/fe44WUSGXbH0ZhbX1jc6u4XdrZ3ds/MA+P2jKIBMItFNBAdD0oMSUctxRRFHdDgSHzKO54k4fM7zxhIUnAmyoO8YDBESc+QVBpyTUvmAsrTTfpM6jGgiW+IChNz++v6itU1yzbVXsKa5k4OSmDHA3X/O0PAxQxzBWiUMqeY4dqkEChCKI4LfUjiUOIJnCEe5pyyLAcJNOvUutMK0PLD4Qurqyp+n8igUzKmHm6MztTLnqZuMrrRcq/HSSEh5HCHM0W+RG1VGBlEVlDIjBSNNYEIkH0rRYaQwGR0kHObfFxzFk490cSjmNJkEx1WM5iNMukfVl17KrzeF2u3eWxFcEJOAUV4IAbUAN10AAtgMAzeAFv4N14NT6NL+N71low8pljMAfj5w+Wv7Ci</latexit><latexit sha1_base64="0t2Zm3txcwvTh/TUJAAM/aEi3q4=">AAACPXicbVDLSsNAFJ3UV62vqEs3wSJUkJKooAuFgpsuK/QFbQmT6aQdOjMJMxMhhPyEX+NO9C/8AHfiVnDlpM3CPg5cOJxzL/fe44WUSGXbH0ZhbX1jc6u4XdrZ3ds/MA+P2jKIBMItFNBAdD0oMSUctxRRFHdDgSHzKO54k4fM7zxhIUnAmyoO8YDBESc+QVBpyTUvmAsrTTfpM6jGgiW+IChNz++v6itU1yzbVXsKa5k4OSmDHA3X/O0PAxQxzBWiUMqeY4dqkEChCKI4LfUjiUOIJnCEe5pyyLAcJNOvUutMK0PLD4Qurqyp+n8igUzKmHm6MztTLnqZuMrrRcq/HSSEh5HCHM0W+RG1VGBlEVlDIjBSNNYEIkH0rRYaQwGR0kHObfFxzFk490cSjmNJkEx1WM5iNMukfVl17KrzeF2u3eWxFcEJOAUV4IAbUAN10AAtgMAzeAFv4N14NT6NL+N71low8pljMAfj5w+Wv7Ci</latexit>

ma(Tfric) = 3H(Tfric) > ms
<latexit sha1_base64="hxqxCtBZyaYCrWX2mYtOcrMK8eM=">AAACQXicbVDLSsNAFJ3UV62vqEs3wSLUTUlU0IVKwU2XFfqCtoTJdNIOnZmEmYkQQn7Dr3En+g9+gjtxqRsnbRb2ceDC4Zx7ufceL6REKtv+MApr6xubW8Xt0s7u3v6BeXjUlkEkEG6hgAai60GJKeG4pYiiuBsKDJlHccebPGR+5wkLSQLeVHGIBwyOOPEJgkpLrmkzF1aabtJnUI0FS3xBUJqe313WV6j3zJWuWbar9hTWMnFyUgY5Gq750x8GKGKYK0ShlD3HDtUggUIRRHFa6kcShxBN4Aj3NOWQYTlIpp+l1plWhpYfCF1cWVP1/0QCmZQx83Rndqpc9DJxldeLlH8zSAgPI4U5mi3yI2qpwMpisoZEYKRorAlEguhbLTSGAiKlw5zb4uOYs3DujyQcx5IgmeqwnMVolkn7ourYVefxqly7zWMrghNwCirAAdegBuqgAVoAgWfwAt7Au/FqfBpfxvestWDkM8dgDsbvH+9nskc=</latexit><latexit sha1_base64="hxqxCtBZyaYCrWX2mYtOcrMK8eM=">AAACQXicbVDLSsNAFJ3UV62vqEs3wSLUTUlU0IVKwU2XFfqCtoTJdNIOnZmEmYkQQn7Dr3En+g9+gjtxqRsnbRb2ceDC4Zx7ufceL6REKtv+MApr6xubW8Xt0s7u3v6BeXjUlkEkEG6hgAai60GJKeG4pYiiuBsKDJlHccebPGR+5wkLSQLeVHGIBwyOOPEJgkpLrmkzF1aabtJnUI0FS3xBUJqe313WV6j3zJWuWbar9hTWMnFyUgY5Gq750x8GKGKYK0ShlD3HDtUggUIRRHFa6kcShxBN4Aj3NOWQYTlIpp+l1plWhpYfCF1cWVP1/0QCmZQx83Rndqpc9DJxldeLlH8zSAgPI4U5mi3yI2qpwMpisoZEYKRorAlEguhbLTSGAiKlw5zb4uOYs3DujyQcx5IgmeqwnMVolkn7ourYVefxqly7zWMrghNwCirAAdegBuqgAVoAgWfwAt7Au/FqfBpfxvestWDkM8dgDsbvH+9nskc=</latexit><latexit sha1_base64="hxqxCtBZyaYCrWX2mYtOcrMK8eM=">AAACQXicbVDLSsNAFJ3UV62vqEs3wSLUTUlU0IVKwU2XFfqCtoTJdNIOnZmEmYkQQn7Dr3En+g9+gjtxqRsnbRb2ceDC4Zx7ufceL6REKtv+MApr6xubW8Xt0s7u3v6BeXjUlkEkEG6hgAai60GJKeG4pYiiuBsKDJlHccebPGR+5wkLSQLeVHGIBwyOOPEJgkpLrmkzF1aabtJnUI0FS3xBUJqe313WV6j3zJWuWbar9hTWMnFyUgY5Gq750x8GKGKYK0ShlD3HDtUggUIRRHFa6kcShxBN4Aj3NOWQYTlIpp+l1plWhpYfCF1cWVP1/0QCmZQx83Rndqpc9DJxldeLlH8zSAgPI4U5mi3yI2qpwMpisoZEYKRorAlEguhbLTSGAiKlw5zb4uOYs3DujyQcx5IgmeqwnMVolkn7ourYVefxqly7zWMrghNwCirAAdegBuqgAVoAgWfwAt7Au/FqfBpfxvestWDkM8dgDsbvH+9nskc=</latexit><latexit sha1_base64="Lt99iQPO+GlMWHboLyCeAIZi/Yw=">AAACAXicbVDLSgNBEOyNrxijxrOXwSB4Crte9Ch48RjBPCAJYXa2NxkyMzvMzArLkh/wJPgv3sTv8Fc8OXkcjLGgoajqprsr1oJbF4ZfQWVnd2//oHpYO6rXjk9OG/WuzXLDsMMykZl+TC0KrrDjuBPY1wapjAX24tn9wu89o7E8U0+u0DiSdKJ4yhl1XmqPG82wFS5Btkm0Jk1YY9z4HiYZyyUqxwS1dhCF2o1KahxnAue1YW5RUzajExx4qqhEOyqXZ87JpVcSkmbGl3Jkqf6eKKm0tpCx75TUTe1fbyH+5w1yl96OSq507lCx1aI0F8RlZPEzSbhB5kThCWWG+1sJm1JDmfPJbGxJsVBSb/xR6mlhObNzn1X0N5lt0r1uRWEregyhCudwAVcQwQ3cwQO0oQMMEniBt+A1eA8+VplWgnW4Z7CB4PMHVdKbdg==</latexit><latexit sha1_base64="y18s4bQRhM/wfhlc5HnjkxPlxu0=">AAACNnicbZDLSsNAFIZP6q3WqtGtm2AR6qYkutCNIrjpskJv0JYwmU7aoTOTMDMRQshr+DTuRN/BR3AnLl05vSzs5cCBn/+f4ZzzBTGjSrvup1XY2t7Z3Svulw7Kh0fH9km5raJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4weZzmnWciFY1EU6cxGXA0EjSkGGlj+bbLfVRt+lmfIz2WPAslxXl+eXdd3+Dec1/5dsWtubNy1oW3EBVYVMO3f/vDCCecCI0ZUqrnubEeZEhqihnJS/1EkRjhCRqRnpECcaIG2eyy3LkwztAJI2laaGfm/v+RIa5UygPzcrqqWs2m5qasl+jwdpBRESeaCDwfFCbM0ZEzxeQMqSRYs9QIhCU1uzp4jCTC2sBcmhKSVPB46Y4sHqeKYpUbWN4qmnXRvqp5bs17cqEIZ3AOVfDgBh6gDg1oAYYXeIV3+LDerC/re461YC34nsJSWT9/TGOwoQ==</latexit><latexit sha1_base64="y18s4bQRhM/wfhlc5HnjkxPlxu0=">AAACNnicbZDLSsNAFIZP6q3WqtGtm2AR6qYkutCNIrjpskJv0JYwmU7aoTOTMDMRQshr+DTuRN/BR3AnLl05vSzs5cCBn/+f4ZzzBTGjSrvup1XY2t7Z3Svulw7Kh0fH9km5raJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4weZzmnWciFY1EU6cxGXA0EjSkGGlj+bbLfVRt+lmfIz2WPAslxXl+eXdd3+Dec1/5dsWtubNy1oW3EBVYVMO3f/vDCCecCI0ZUqrnubEeZEhqihnJS/1EkRjhCRqRnpECcaIG2eyy3LkwztAJI2laaGfm/v+RIa5UygPzcrqqWs2m5qasl+jwdpBRESeaCDwfFCbM0ZEzxeQMqSRYs9QIhCU1uzp4jCTC2sBcmhKSVPB46Y4sHqeKYpUbWN4qmnXRvqp5bs17cqEIZ3AOVfDgBh6gDg1oAYYXeIV3+LDerC/re461YC34nsJSWT9/TGOwoQ==</latexit><latexit sha1_base64="w1u2/rdAOHQJluiy6KKR+y78rao=">AAACQXicbVDLSsNAFJ34rPUVdekmWIS6KYkudKFScNNlhb6gDWEynbRDZyZhZiKEkN/wa9yJ/oOf4E5c6sZJm4V9HLhwOOde7r3HjyiRyrY/jLX1jc2t7dJOeXdv/+DQPDruyDAWCLdRSEPR86HElHDcVkRR3IsEhsynuOtPHnK/+4SFJCFvqSTCLoMjTgKCoNKSZ9rMg9WWlw4YVGPB0kAQlGUXd1eNFeo986RnVuyaPYW1TJyCVECBpmf+DIYhihnmClEoZd+xI+WmUCiCKM7Kg1jiCKIJHOG+phwyLN10+llmnWtlaAWh0MWVNVX/T6SQSZkwX3fmp8pFLxdXef1YBTduSngUK8zRbFEQU0uFVh6TNSQCI0UTTSASRN9qoTEUECkd5tyWACecRXN/pNE4kQTJTIflLEazTDqXNceuOY92pX5bxFYCp+AMVIEDrkEdNEATtAECz+AFvIF349X4NL6M71nrmlHMnIA5GL9/7ieyQw==</latexit><latexit sha1_base64="hxqxCtBZyaYCrWX2mYtOcrMK8eM=">AAACQXicbVDLSsNAFJ3UV62vqEs3wSLUTUlU0IVKwU2XFfqCtoTJdNIOnZmEmYkQQn7Dr3En+g9+gjtxqRsnbRb2ceDC4Zx7ufceL6REKtv+MApr6xubW8Xt0s7u3v6BeXjUlkEkEG6hgAai60GJKeG4pYiiuBsKDJlHccebPGR+5wkLSQLeVHGIBwyOOPEJgkpLrmkzF1aabtJnUI0FS3xBUJqe313WV6j3zJWuWbar9hTWMnFyUgY5Gq750x8GKGKYK0ShlD3HDtUggUIRRHFa6kcShxBN4Aj3NOWQYTlIpp+l1plWhpYfCF1cWVP1/0QCmZQx83Rndqpc9DJxldeLlH8zSAgPI4U5mi3yI2qpwMpisoZEYKRorAlEguhbLTSGAiKlw5zb4uOYs3DujyQcx5IgmeqwnMVolkn7ourYVefxqly7zWMrghNwCirAAdegBuqgAVoAgWfwAt7Au/FqfBpfxvestWDkM8dgDsbvH+9nskc=</latexit><latexit sha1_base64="hxqxCtBZyaYCrWX2mYtOcrMK8eM=">AAACQXicbVDLSsNAFJ3UV62vqEs3wSLUTUlU0IVKwU2XFfqCtoTJdNIOnZmEmYkQQn7Dr3En+g9+gjtxqRsnbRb2ceDC4Zx7ufceL6REKtv+MApr6xubW8Xt0s7u3v6BeXjUlkEkEG6hgAai60GJKeG4pYiiuBsKDJlHccebPGR+5wkLSQLeVHGIBwyOOPEJgkpLrmkzF1aabtJnUI0FS3xBUJqe313WV6j3zJWuWbar9hTWMnFyUgY5Gq750x8GKGKYK0ShlD3HDtUggUIRRHFa6kcShxBN4Aj3NOWQYTlIpp+l1plWhpYfCF1cWVP1/0QCmZQx83Rndqpc9DJxldeLlH8zSAgPI4U5mi3yI2qpwMpisoZEYKRorAlEguhbLTSGAiKlw5zb4uOYs3DujyQcx5IgmeqwnMVolkn7ourYVefxqly7zWMrghNwCirAAdegBuqgAVoAgWfwAt7Au/FqfBpfxvestWDkM8dgDsbvH+9nskc=</latexit><latexit sha1_base64="hxqxCtBZyaYCrWX2mYtOcrMK8eM=">AAACQXicbVDLSsNAFJ3UV62vqEs3wSLUTUlU0IVKwU2XFfqCtoTJdNIOnZmEmYkQQn7Dr3En+g9+gjtxqRsnbRb2ceDC4Zx7ufceL6REKtv+MApr6xubW8Xt0s7u3v6BeXjUlkEkEG6hgAai60GJKeG4pYiiuBsKDJlHccebPGR+5wkLSQLeVHGIBwyOOPEJgkpLrmkzF1aabtJnUI0FS3xBUJqe313WV6j3zJWuWbar9hTWMnFyUgY5Gq750x8GKGKYK0ShlD3HDtUggUIRRHFa6kcShxBN4Aj3NOWQYTlIpp+l1plWhpYfCF1cWVP1/0QCmZQx83Rndqpc9DJxldeLlH8zSAgPI4U5mi3yI2qpwMpisoZEYKRorAlEguhbLTSGAiKlw5zb4uOYs3DujyQcx5IgmeqwnMVolkn7ourYVefxqly7zWMrghNwCirAAdegBuqgAVoAgWfwAt7Au/FqfBpfxvestWDkM8dgDsbvH+9nskc=</latexit><latexit sha1_base64="hxqxCtBZyaYCrWX2mYtOcrMK8eM=">AAACQXicbVDLSsNAFJ3UV62vqEs3wSLUTUlU0IVKwU2XFfqCtoTJdNIOnZmEmYkQQn7Dr3En+g9+gjtxqRsnbRb2ceDC4Zx7ufceL6REKtv+MApr6xubW8Xt0s7u3v6BeXjUlkEkEG6hgAai60GJKeG4pYiiuBsKDJlHccebPGR+5wkLSQLeVHGIBwyOOPEJgkpLrmkzF1aabtJnUI0FS3xBUJqe313WV6j3zJWuWbar9hTWMnFyUgY5Gq750x8GKGKYK0ShlD3HDtUggUIRRHFa6kcShxBN4Aj3NOWQYTlIpp+l1plWhpYfCF1cWVP1/0QCmZQx83Rndqpc9DJxldeLlH8zSAgPI4U5mi3yI2qpwMpisoZEYKRorAlEguhbLTSGAiKlw5zb4uOYs3DujyQcx5IgmeqwnMVolkn7ourYVefxqly7zWMrghNwCirAAdegBuqgAVoAgWfwAt7Au/FqfBpfxvestWDkM8dgDsbvH+9nskc=</latexit><latexit sha1_base64="hxqxCtBZyaYCrWX2mYtOcrMK8eM=">AAACQXicbVDLSsNAFJ3UV62vqEs3wSLUTUlU0IVKwU2XFfqCtoTJdNIOnZmEmYkQQn7Dr3En+g9+gjtxqRsnbRb2ceDC4Zx7ufceL6REKtv+MApr6xubW8Xt0s7u3v6BeXjUlkEkEG6hgAai60GJKeG4pYiiuBsKDJlHccebPGR+5wkLSQLeVHGIBwyOOPEJgkpLrmkzF1aabtJnUI0FS3xBUJqe313WV6j3zJWuWbar9hTWMnFyUgY5Gq750x8GKGKYK0ShlD3HDtUggUIRRHFa6kcShxBN4Aj3NOWQYTlIpp+l1plWhpYfCF1cWVP1/0QCmZQx83Rndqpc9DJxldeLlH8zSAgPI4U5mi3yI2qpwMpisoZEYKRorAlEguhbLTSGAiKlw5zb4uOYs3DujyQcx5IgmeqwnMVolkn7ourYVefxqly7zWMrghNwCirAAdegBuqgAVoAgWfwAt7Au/FqfBpfxvestWDkM8dgDsbvH+9nskc=</latexit><latexit sha1_base64="hxqxCtBZyaYCrWX2mYtOcrMK8eM=">AAACQXicbVDLSsNAFJ3UV62vqEs3wSLUTUlU0IVKwU2XFfqCtoTJdNIOnZmEmYkQQn7Dr3En+g9+gjtxqRsnbRb2ceDC4Zx7ufceL6REKtv+MApr6xubW8Xt0s7u3v6BeXjUlkEkEG6hgAai60GJKeG4pYiiuBsKDJlHccebPGR+5wkLSQLeVHGIBwyOOPEJgkpLrmkzF1aabtJnUI0FS3xBUJqe313WV6j3zJWuWbar9hTWMnFyUgY5Gq750x8GKGKYK0ShlD3HDtUggUIRRHFa6kcShxBN4Aj3NOWQYTlIpp+l1plWhpYfCF1cWVP1/0QCmZQx83Rndqpc9DJxldeLlH8zSAgPI4U5mi3yI2qpwMpisoZEYKRorAlEguhbLTSGAiKlw5zb4uOYs3DujyQcx5IgmeqwnMVolkn7ourYVefxqly7zWMrghNwCirAAdegBuqgAVoAgWfwAt7Au/FqfBpfxvestWDkM8dgDsbvH+9nskc=</latexit>

30

08/01/2019 PPP2019 @ YITP
S. Kobayashi



𝑆のダイナミクスにバイアス項が効いてしまうと、𝑆が
原点に落ちなくなってしまう

のときにバイアス項と𝑆のポテンシャルが同程度になる。
この時、質量項がバイアスに勝てば原点に落ちてくれる。

m = 2n� 1
<latexit sha1_base64="OupfvP2g9r/ELWKQWXOSvGpKWTg="></latexit><latexit sha1_base64="OupfvP2g9r/ELWKQWXOSvGpKWTg="></latexit><latexit sha1_base64="OupfvP2g9r/ELWKQWXOSvGpKWTg="></latexit><latexit sha1_base64="VyWUY9dSh8bXlirc4MsIMP7KaBM="></latexit><latexit sha1_base64="ylRmXg0VnoRA70r/UNf8JfgU9TE="></latexit><latexit sha1_base64="ylRmXg0VnoRA70r/UNf8JfgU9TE="></latexit><latexit sha1_base64="nuq16jrx9R3JIsg2aDlIqexvXUw="></latexit><latexit sha1_base64="OupfvP2g9r/ELWKQWXOSvGpKWTg="></latexit><latexit sha1_base64="OupfvP2g9r/ELWKQWXOSvGpKWTg="></latexit><latexit sha1_base64="OupfvP2g9r/ELWKQWXOSvGpKWTg="></latexit><latexit sha1_base64="OupfvP2g9r/ELWKQWXOSvGpKWTg="></latexit><latexit sha1_base64="OupfvP2g9r/ELWKQWXOSvGpKWTg="></latexit><latexit sha1_base64="OupfvP2g9r/ELWKQWXOSvGpKWTg="></latexit> の場合、

をバイアス項による𝑆へのバックリアクションを無視できる
条件として課す。 31

パラメータへの制限
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<latexit sha1_base64="Fq+wUYEILcOYKKWK9vlKWdcWSpw="></latexit>
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s

vPQ

MPl

◆2n�3

< m2
s

<latexit sha1_base64="GZskIWTTb/BhRfekW5InNKgBFc0="></latexit>
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等曲率揺らぎ
インフレーション中に、 𝑆場の位相方向に揺らぎが生じる。

32

アクシオンのポテンシャル

の最低点が揺らぐため、アクシオンに揺らぎが移る。

�✓a / mNDW
HI

2⇡h�iI
<latexit sha1_base64="G0qVvcl0EIxItMvLiFfi3qWnhiE="></latexit><latexit sha1_base64="G0qVvcl0EIxItMvLiFfi3qWnhiE="></latexit><latexit sha1_base64="G0qVvcl0EIxItMvLiFfi3qWnhiE="></latexit><latexit sha1_base64="G0qVvcl0EIxItMvLiFfi3qWnhiE="></latexit>

等曲率揺らぎの発生

V (a) = 2
�vPQ

m!Mm�3
Pl

✓
�p
2

◆m

cos

✓
a

vPQ
+m✓b

◆

<latexit sha1_base64="Gy5tzXQSCDrnJjtdzy7qOLXZp2w="></latexit>

�✓b ⇠
HI

2⇡h�iI
<latexit sha1_base64="WG+XY+vyFgaXx+Vru03o64QtjFE="></latexit>
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-40 -30 -20 -10 0 10-10
-9
-8
-7
-6
-5

Tcoll(�) > vPQ
<latexit sha1_base64="Q8G8wql3x8DMeoPrzmTx/b/+H2Q="></latexit><latexit sha1_base64="Q8G8wql3x8DMeoPrzmTx/b/+H2Q="></latexit><latexit sha1_base64="Q8G8wql3x8DMeoPrzmTx/b/+H2Q="></latexit><latexit sha1_base64="Q8G8wql3x8DMeoPrzmTx/b/+H2Q="></latexit>

3H(Tfric) < ms
<latexit sha1_base64="t9zq/1kbMMf+Mxlom2z43YskP0Y=">AAACKnicbVDLSsNAFJ34rPUVdSVugkWom5KooIsuCm66rNAXtCFMppN26MwkzEyEEIJf4070X9wVt36FKydtFrb1wIXDOfdy7z1+RIlUtj0zNja3tnd2S3vl/YPDo2Pz5LQrw1gg3EEhDUXfhxJTwnFHEUVxPxIYMp/inj99zP3eMxaShLytkgi7DI45CQiCSkueeX7brLa9dMigmgiWBoKgLLuuM096ZsWu2XNY68QpSAUUaHnmz3AUophhrhCFUg4cO1JuCoUiiOKsPIwljiCawjEeaMohw9JN5y9k1pVWRlYQCl1cWXP170QKmZQJ83Vnfqpc9XLxP28Qq+DBTQmPYoU5WiwKYmqp0MrzsEZEYKRooglEguhbLTSBAiKlU1vaEuCEs2jpjzSaJJIgmemwnNVo1kn3pubYNefprtKoF7GVwAW4BFXggHvQAE3QAh2AwAt4Be/gw3gzPo2Z8bVo3TCKmTOwBOP7F2ttqHg=</latexit><latexit sha1_base64="t9zq/1kbMMf+Mxlom2z43YskP0Y=">AAACKnicbVDLSsNAFJ34rPUVdSVugkWom5KooIsuCm66rNAXtCFMppN26MwkzEyEEIJf4070X9wVt36FKydtFrb1wIXDOfdy7z1+RIlUtj0zNja3tnd2S3vl/YPDo2Pz5LQrw1gg3EEhDUXfhxJTwnFHEUVxPxIYMp/inj99zP3eMxaShLytkgi7DI45CQiCSkueeX7brLa9dMigmgiWBoKgLLuuM096ZsWu2XNY68QpSAUUaHnmz3AUophhrhCFUg4cO1JuCoUiiOKsPIwljiCawjEeaMohw9JN5y9k1pVWRlYQCl1cWXP170QKmZQJ83Vnfqpc9XLxP28Qq+DBTQmPYoU5WiwKYmqp0MrzsEZEYKRooglEguhbLTSBAiKlU1vaEuCEs2jpjzSaJJIgmemwnNVo1kn3pubYNefprtKoF7GVwAW4BFXggHvQAE3QAh2AwAt4Be/gw3gzPo2Z8bVo3TCKmTOwBOP7F2ttqHg=</latexit><latexit sha1_base64="t9zq/1kbMMf+Mxlom2z43YskP0Y=">AAACKnicbVDLSsNAFJ34rPUVdSVugkWom5KooIsuCm66rNAXtCFMppN26MwkzEyEEIJf4070X9wVt36FKydtFrb1wIXDOfdy7z1+RIlUtj0zNja3tnd2S3vl/YPDo2Pz5LQrw1gg3EEhDUXfhxJTwnFHEUVxPxIYMp/inj99zP3eMxaShLytkgi7DI45CQiCSkueeX7brLa9dMigmgiWBoKgLLuuM096ZsWu2XNY68QpSAUUaHnmz3AUophhrhCFUg4cO1JuCoUiiOKsPIwljiCawjEeaMohw9JN5y9k1pVWRlYQCl1cWXP170QKmZQJ83Vnfqpc9XLxP28Qq+DBTQmPYoU5WiwKYmqp0MrzsEZEYKRooglEguhbLTSBAiKlU1vaEuCEs2jpjzSaJJIgmemwnNVo1kn3pubYNefprtKoF7GVwAW4BFXggHvQAE3QAh2AwAt4Be/gw3gzPo2Z8bVo3TCKmTOwBOP7F2ttqHg=</latexit><latexit sha1_base64="t9zq/1kbMMf+Mxlom2z43YskP0Y=">AAACKnicbVDLSsNAFJ34rPUVdSVugkWom5KooIsuCm66rNAXtCFMppN26MwkzEyEEIJf4070X9wVt36FKydtFrb1wIXDOfdy7z1+RIlUtj0zNja3tnd2S3vl/YPDo2Pz5LQrw1gg3EEhDUXfhxJTwnFHEUVxPxIYMp/inj99zP3eMxaShLytkgi7DI45CQiCSkueeX7brLa9dMigmgiWBoKgLLuuM096ZsWu2XNY68QpSAUUaHnmz3AUophhrhCFUg4cO1JuCoUiiOKsPIwljiCawjEeaMohw9JN5y9k1pVWRlYQCl1cWXP170QKmZQJ83Vnfqpc9XLxP28Qq+DBTQmPYoU5WiwKYmqp0MrzsEZEYKRooglEguhbLTSBAiKlU1vaEuCEs2jpjzSaJJIgmemwnNVo1kn3pubYNefprtKoF7GVwAW4BFXggHvQAE3QAh2AwAt4Be/gw3gzPo2Z8bVo3TCKmTOwBOP7F2ttqHg=</latexit>
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𝜆> = 10?@として計算

(パラメータによるが)
𝐻6 ∼ 103AGeVも可能

パラメータへの制限

バックリアクション

ma(vPQ) < 3H(vPQ)
<latexit sha1_base64="ZITjgAMSaIhWe0N6DTCC9VB3Hr0="></latexit>

HI .2⇥ 1011GeV

⇥
✓ p

cs

N
4
DW�s

◆1/3

<latexit sha1_base64="QIWeMJwPeIMApfd83qXQkymdV9Q="></latexit>

Isocurvatureの制限
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fa ⇠ 1011 GeV HI ⇠ 1013 GeV
NDW = 1
シナリオ

インフレーション中の
PQ breaking
今回の模型

<latexit sha1_base64="wU1Gka5u2AnGerapD1gvwXw2vSk="></latexit><latexit sha1_base64="wU1Gka5u2AnGerapD1gvwXw2vSk="></latexit><latexit sha1_base64="wU1Gka5u2AnGerapD1gvwXw2vSk="></latexit><latexit sha1_base64="3Rh28yhKtIvVOx/KBzg81Qbah0s="></latexit><latexit sha1_base64="aO8xhw3rtp+odvHmXQZtnW/4id8="></latexit><latexit sha1_base64="aO8xhw3rtp+odvHmXQZtnW/4id8="></latexit><latexit sha1_base64="KDqnOSqg1+ykO/QpiN1GSkdcYFw="></latexit><latexit sha1_base64="wU1Gka5u2AnGerapD1gvwXw2vSk="></latexit><latexit sha1_base64="wU1Gka5u2AnGerapD1gvwXw2vSk="></latexit><latexit sha1_base64="wU1Gka5u2AnGerapD1gvwXw2vSk="></latexit><latexit sha1_base64="wU1Gka5u2AnGerapD1gvwXw2vSk="></latexit><latexit sha1_base64="wU1Gka5u2AnGerapD1gvwXw2vSk="></latexit><latexit sha1_base64="wU1Gka5u2AnGerapD1gvwXw2vSk="></latexit>

• 𝑓0 ∼ 1033GeV はADMXで探索可能な範囲

• 𝐻6 ∼ 103AGeVはCOrEで探索可能な範囲

I. Stern, ‘‘ADMX Status“, 
PoS ICHEP2016

COrE
Cosmic Origins Explorer 
A White Paper 

先行研究との比較
08/01/2019 PPP2019 @ YITP
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結論

• 早い時期にドメインウォールを潰すことで、ア
クシオンの過剰生成による制限を回避できた。

• より正確な制限を与えるにはシミュレーション
等を用いてより詳しくダイナミクスを追う必要
がある。

• 等曲率揺らぎの制限を完全に回避することはで
きないが、既存のシナリオよりも制限を緩和で
きた。
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