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1. 動的かつ宇宙論的距離スケールでの重力場を検証できる.

2. 重力理論の微小な修正効果であっても、長距離伝播する
ことにより効果が増幅されて観測できる.

3. 重力波の伝播方程式は様々な重力波源や背景時空に
適用できる.

重力波伝播を考える利点



実効場の理論における、宇宙論的線形摂動でのテンソルモード
の運動方程式

重力波の一般化された伝播方程式

Saltas et al. 2014

h00
ij + (2 + ⌫)Hh0

ij + (c2T k
2 + a2µ2)hij = a2��ij

⌫, cT, µ,� : 時間に依存する任意関数



CT : 重力波の伝播速度

h00
ij + (2 + ⌫)Hh0

ij + (c2T k
2 + a2µ2)hij = a2��ij

l ローレンツ対称性の破れ

l 等価原理の破れ

l 修正分散関係

重力波の一般化された伝播方程式
実効場の理論における、宇宙論的線形摂動でのテンソルモード
の運動方程式 Saltas et al. 2014



h00
ij + (2 + ⌫)Hh0

ij + (c2T k
2 + a2µ2)hij = a2��ij

l 有質量重力理論

l コンパクト化された余剰次元

µ : 重力子の質量

重力波の一般化された伝播方程式
実効場の理論における、宇宙論的線形摂動でのテンソルモード
の運動方程式 Saltas et al. 2014



h00
ij + (2 + ⌫)Hh0

ij + (c2T k
2 + a2µ2)hij = a2��ij

l 余剰次元からのエネルギーの流入

l 他の場への非最小結合

� : 重力波に対するソース項

重力波の一般化された伝播方程式
実効場の理論における、宇宙論的線形摂動でのテンソルモード
の運動方程式 Saltas et al. 2014



h00
ij + (2 + ⌫)Hh0

ij + (c2T k
2 + a2µ2)hij = a2��ij

l 重力の強さの時間変化

l 時空の実効的摩擦 (余剰次元への漏れ, 時空の量子効果)

⌫ = H
�1 d lnM

2
⇤

dt
: 実効プランク質量の時間変化率

(変動する重力定数)

重力波の一般化された伝播方程式
実効場の理論における、宇宙論的線形摂動でのテンソルモード
の運動方程式 Saltas et al. 2014



GR 解
MG の数値解
MG の WKB 解

重力波源 at z=1

Nishizawa 2018

振幅減衰率

重力子の質量 伝播速度



l これまでに 5つの BH 連星と 1つの NS 連星からの重力波が
検出されている.

l BH 連星からの重力波により重力子に制限が付けられている.

l GW170817/GRB170817A より重力波の伝播速度に強い制限が
与えられた.

l 伝播速度が光速からずれるような修正重力理論はほぼ棄却された.

重力波伝播による検証の現状

�3⇥ 10�15 <
cgw � c

c
< 7⇥ 10�16

<latexit sha1_base64="/jD3alqCa2y7lm7gz0n3zLf85FE="></latexit><latexit sha1_base64="HYvXiY+Z4+LSJxZTj1uFT/dmtKs="></latexit><latexit sha1_base64="HYvXiY+Z4+LSJxZTj1uFT/dmtKs="></latexit><latexit sha1_base64="VP/qZrQe9jh9ALg6h5cRa6Q0B9g="></latexit>

mg < 7.7⇥ 10�23 eV
<latexit sha1_base64="CeOu2NhNvPwS6h85FZA1vqUMRQc="></latexit><latexit sha1_base64="DhJxqZ2yt9h4E8JjtLfCxDbxRK8="></latexit><latexit sha1_base64="DhJxqZ2yt9h4E8JjtLfCxDbxRK8="></latexit><latexit sha1_base64="6moE/HgCVYffnkUaZLPybaYbU9w="></latexit>

Baker et al. 2017, Creminelli & Vernizzi 2017, Sakstein & Jain 2017 
Ezquiaga & Zumalacarregui 2017, Arai & Nishizawa 2018

LIGO Scientific Collaboration 2017

LIGO Scientific Collaboration 2016-2017

LSC + Fermi + INTEGRAL, ApJL 848, L13



重力波の振幅減衰率と重力定数

h = e�DhGR
<latexit sha1_base64="7lFm3ozeSO5euonoHPfW+rhwLRA="></latexit><latexit sha1_base64="Bq94bbrg7PHfHWgy8CLB+2GAsUM="></latexit><latexit sha1_base64="Bq94bbrg7PHfHWgy8CLB+2GAsUM="></latexit><latexit sha1_base64="mWcTO8QF3jkYRVVTBDYotVAPgBA="></latexit>
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�1 d logM
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dt
<latexit sha1_base64="lYPf82FQJcnexuhSVrpMWMTwyQ8="></latexit><latexit sha1_base64="TsNuhujMUOIVKmzVJ9v1ldPBYvw="></latexit><latexit sha1_base64="TsNuhujMUOIVKmzVJ9v1ldPBYvw="></latexit><latexit sha1_base64="XmFJAK1E3gWtmM/t/VaHzGxlRYA="></latexit>

e�D =
M⇤(z)

M⇤(0)
=

s
Ggw(0)

Ggw(z)
<latexit sha1_base64="eEkqTpUCyD1eKHeDGUiZdpqKF0I="></latexit><latexit sha1_base64="kGMQxQuBe/obMZrSbRWwY7Tqqew="></latexit><latexit sha1_base64="kGMQxQuBe/obMZrSbRWwY7Tqqew="></latexit><latexit sha1_base64="OtOT1ADxN55hJWuGzt/q0wXnbG8="></latexit>

↵T = c2T � 1 = 0
<latexit sha1_base64="6Zw+dzx2x9SmHqMz8N41JVV8JoY="></latexit><latexit sha1_base64="GyxIa9DyM2CoK9ZgeO3AaMqiM3M="></latexit><latexit sha1_base64="GyxIa9DyM2CoK9ZgeO3AaMqiM3M="></latexit><latexit sha1_base64="X9O7NW/2b/MkFuZQHTRxdhBIS5E="></latexit>

Ggw
<latexit sha1_base64="kqZuKETmCzhSwr2TSgLRGFhyvDA="></latexit><latexit sha1_base64="Fuo3VsOwzeOqYEZfzzsjQQoa6A0="></latexit><latexit sha1_base64="Fuo3VsOwzeOqYEZfzzsjQQoa6A0="></latexit><latexit sha1_base64="A+tAc90CGeyWpEziFkqZjY1NMuI=">AAACR3ichVC7SgNBFD0bXzE+ErURbIIhYhVmbRSroIWWeZgHJiHsrpO4ZF/sbiIx5AesAxaioOCX2OgHWOQbLCwUtfRmsyAa1Dswc+bcc7jcI1ua6riM9YXA2PjE5FRwOjQzOzcfjiws5h2zaSs8p5iaaRdlyeGaavCcq7oaL1o2l3RZ4wW5sTvoF1rcdlTTOHDbFq/oUt1Qa6oiuUQd7lU7ZVuP1k+61UiMJZhX0VEg+iAGv1JmpIcyjmBCQRM6OAy4hDVIcOiUIILBIq6CDnE2IdXrc3QRIm+TVJwUErENuuv06xA2SWOS/i+VRBMHU9r0yqSMIs6tavhsOfv+r0un18Xxl+tXR4lYFzVseTuotKHlMYNdlaG/dXr+kt3OxDtr7IY9sUd2zfrsjt0zo/Wq3KZ55gIhilb8GeQoyG8kRJYQ0yyW3PFDDmIFq1inJDeRxD5SyNFcAz1c4kp4EJ6FN+FjKA0IvmcJ3yogfAJGV4Ri</latexit>

: 重力波に対する重力定数

波源までの実効的距離は dL,e↵(z) =

s
Ggw(z)

Ggw(0)
dL(z)

<latexit sha1_base64="ee2/mV3gjvU1aNQQ70T1ihDThlA="></latexit><latexit sha1_base64="DRCybBcsGeBnyplVnzav/iLs+zc="></latexit><latexit sha1_base64="DRCybBcsGeBnyplVnzav/iLs+zc="></latexit><latexit sha1_base64="iJ0uqaK3fKdzq2SYNJWLF97eHXU="></latexit>

とすると

真の距離と比較するためには、赤方偏移の測定が必要

Nishizawa 2018



Ggw
<latexit sha1_base64="kqZuKETmCzhSwr2TSgLRGFhyvDA="></latexit><latexit sha1_base64="Fuo3VsOwzeOqYEZfzzsjQQoa6A0="></latexit><latexit sha1_base64="Fuo3VsOwzeOqYEZfzzsjQQoa6A0="></latexit><latexit sha1_base64="A+tAc90CGeyWpEziFkqZjY1NMuI=">AAACR3ichVC7SgNBFD0bXzE+ErURbIIhYhVmbRSroIWWeZgHJiHsrpO4ZF/sbiIx5AesAxaioOCX2OgHWOQbLCwUtfRmsyAa1Dswc+bcc7jcI1ua6riM9YXA2PjE5FRwOjQzOzcfjiws5h2zaSs8p5iaaRdlyeGaavCcq7oaL1o2l3RZ4wW5sTvoF1rcdlTTOHDbFq/oUt1Qa6oiuUQd7lU7ZVuP1k+61UiMJZhX0VEg+iAGv1JmpIcyjmBCQRM6OAy4hDVIcOiUIILBIq6CDnE2IdXrc3QRIm+TVJwUErENuuv06xA2SWOS/i+VRBMHU9r0yqSMIs6tavhsOfv+r0un18Xxl+tXR4lYFzVseTuotKHlMYNdlaG/dXr+kt3OxDtr7IY9sUd2zfrsjt0zo/Wq3KZ55gIhilb8GeQoyG8kRJYQ0yyW3PFDDmIFq1inJDeRxD5SyNFcAz1c4kp4EJ6FN+FjKA0IvmcJ3yogfAJGV4Ri</latexit>

Glight
<latexit sha1_base64="28gNz9tOEh1zOGsMTrceJ41TLO4="></latexit><latexit sha1_base64="LG/g+Dwp7uVs1F2dVZD7ROk1B8Q="></latexit><latexit sha1_base64="LG/g+Dwp7uVs1F2dVZD7ROk1B8Q="></latexit><latexit sha1_base64="XQ8qWF/hWUNhJLDAgj73Uay25YA=">AAACSnichVC7SgNBFD0bXzE+ErURbIIhYhVmbRQr0ULLmBgNJCHsrpNkcF/uTgK65AeshRQ2KvglNha2Fn6DnQoiNt4kC6JBvQMzZ849h8s9umsKXzL2qESGhkdGx6LjsYnJqel4YmZ233eansELhmM6XlHXfG4KmxekkCYvuh7XLN3kB/rRVrd/0OKeLxx7T564vGJpdVvUhKFJoirb1aDsWUlT1BuyXU2kWIb1KjkI1BCkEFbWSZyjjEM4MNCEBQ4bkrAJDT6dElQwuMRVEBDnERK9PkcbMfI2ScVJoRF7RHedfgFhhzQO6f9SaTSxO+WEXp2USaS5W42fzeff/nVZ9Eo0vly/OkrEStSw1ttB0IZuj+nuavT9rdPOS349lw6W2DV7Yg/sij2yW3bH7NarcbPLcxeIUbTqzyAHwf5KRmUZdZelNjbDkKNYwCKWKclVbGAHWRRo7jE6uMSVcq88K+/KR18aUULPHL5VZPgTCDqFug==</latexit>

Gmatter
<latexit sha1_base64="st5lwiwmE9FcO+c4dqRArKijsJI="></latexit><latexit sha1_base64="R+PmNw2tTph0RYSXOb/gK05Aerc="></latexit><latexit sha1_base64="R+PmNw2tTph0RYSXOb/gK05Aerc="></latexit><latexit sha1_base64="mBnBN5d2YJ1PWXHyPMxNAvZk4X4=">AAACS3ichVBLSwJRGD1jWWYPrTZBG0mMVnKnTdFKalFLH/kANZmZrjY4L2augol/oHVQ0EqhX9KmTcsW/oaWBkG06PMBUVJ9F+4993zn8PEd1TF0TzDWl3wzs/65+cBCcHFpeSUUXl3LeXbD1XhWsw3bLaiKxw3d4lmhC4MXHJcrpmrwvFo/GvbzTe56um2dipbDy6ZSs/SqrimCqLPjSrvkmhFTEYK7nUo4yuJsVJFpIE9AFJNK2uFrlHAOGxoaMMFhQRA2oMCjU4QMBoe4MtrEuYT0UZ+jgyB5G6TipFCIrdNdo1+bsE0am/R/qRSaOJzSolclZQQx7lRCVxuZt39dJr0CF1+uXx1FYgWq2B/toNOGzogZ7qqN/c3Lm0HmIB1rb7Mee2HPrMv67IE9Mqv5qt2nePoOQYpW/hnkNMjtxmUWl1MsmjichBzAJrawQ0nuIYETJJGluS5u0UVPepIG0rv0MZb6pIlnHd/K5/8EC1uGOQ==</latexit>

重力レンズ

銀河クラスタリング 一般相対性理論
では全てGN

<latexit sha1_base64="nvG88c+t5yfOUPsAkdvvz+6+H1w="></latexit><latexit sha1_base64="HFVkOMjRkuTq64vEUIa5UA4J+Kc="></latexit><latexit sha1_base64="HFVkOMjRkuTq64vEUIa5UA4J+Kc="></latexit><latexit sha1_base64="tmv5hYx1VN/tlnuBHW5KYy2Y2LE=">AAACRnichVBLSwJRGD1jL7OHVpugjSRGK7nTpmgltahV+MhHqMjMdLXBeTEzCjb4B9oWtKgWBf2SNv6BFv6GoE2F2z5HIUqq78K9557vHD6+I1ua6riM9YTAxOTU9ExwNjQ3v7AYjiwt5x2zaSs8p5iaaRdlyeGaavCcq7oaL1o2l3RZ4wW5sT/oF1rcdlTTOHbbFq/oUt1Qa6oiuUSdHFS9sq1HjzrVSIwlmF/RcSCOQAyjSpmRK5RxChMKmtDBYcAlrEGCQ6cEEQwWcRV4xNmEVL/P0UGIvE1ScVJIxDbortPPI2ySxiT9XyqJJg6mtOmVSRlFnFvV8MVqtv+vS6fXxdmX61dHiVgXNez4O6i0oeUzg12Vob91fv2W3c3EvQ32wF7YM7tnPfbEusxovSuPaZ65QYiiFX8GOQ7yWwmRJcQ0iyX3RiEHsYZ1bFKS20jiECnkaK6OS9ziTugKr8KH0B9KA8LIs4JvFcAnEuuDyA==</latexit>

Lgw =
1

64⇡Ggw

n
ḣ2
ij � a�2(rhij)

2
o

<latexit sha1_base64="IpP1h5vHeEc6gZFCEBlYBZVysJ0="></latexit><latexit sha1_base64="5HzowK0Gk5VCDcqgtEi1igt24GQ="></latexit><latexit sha1_base64="5HzowK0Gk5VCDcqgtEi1igt24GQ="></latexit><latexit sha1_base64="MXb5pXUIvjbcSvtwSuzLTslKumo="></latexit>

宇宙論的距離での等価原理を検証

k2 = �4⇡Gmatter(k, ⌧)�⇢m
<latexit sha1_base64="XwfAz56Zi7Nseum2O+S9EFwoTDM="></latexit><latexit sha1_base64="IIHcdymnPSbs9Ire2jWecrloXhk="></latexit><latexit sha1_base64="IIHcdymnPSbs9Ire2jWecrloXhk="></latexit><latexit sha1_base64="36bWPLAaLdU7TqcnENHhG/oY3dQ="></latexit>

k2( + �) = �8⇡Glight(k, ⌧)�⇢m
<latexit sha1_base64="CiF2iB9w+JFqXVhuK7vEPTKO05w="></latexit><latexit sha1_base64="B9RNTH9tM0EVjpBzcj2byRlHeXk="></latexit><latexit sha1_base64="B9RNTH9tM0EVjpBzcj2byRlHeXk="></latexit><latexit sha1_base64="bZgMoHuzdfzam6D5Hco2EUMvM4s="></latexit>

宇宙加速膨張を修正重力で説明しようとすると、宇宙論的距離では
等価原理が破れてしまう.

重力波



連星のパラメータ推定

フィッシャー情報行列を用いて、パラメータ推定誤差を見積もる.

l 各500 個の連星を生成し、SNR > 8 のものが検出されるとする. 

l 連星の方向や傾き角: 一様ランダム

l 重力波波形:
Khan et al. 2016

ポストニュートンインスパイラル波形 (BH-NS, BNS)

現象論的 IMR (Phenom-D) 波形 (BBH)

l 赤方偏移は母銀河の観測または電磁対応天体により決まると仮定.



HLV network,  redshift prior

定数の ⌫, µ

30M� � 30M�

10M� � 10M�

10M� � 1.4M�

�z = 10�3

1.4M� � 1.4M�
<latexit sha1_base64="RQSKFvbkcWAUvaNvv93BUD+2ilw="></latexit><latexit sha1_base64="vBPPXplOH9JbBNF/pLwdUDeu9LE="></latexit><latexit sha1_base64="vBPPXplOH9JbBNF/pLwdUDeu9LE="></latexit><latexit sha1_base64="n97aFlvomljqwS8lPrKIO51i3uQ="></latexit>

第２世代検出器での測定誤差
Nishizawa 2018

⌫
<latexit sha1_base64="YLQMcGDP01eglVIyzs3u5cgN94M=">AAACQHichVC7SgNRED3rM66PRG0Em2CIWIW7NoogBm0s8zAPSELYXW/ikn2xuwnEIFgLdmIKKwV/RAv9AYv8gWAhoiBYOdkERIM6A3fOPXMOw4xi65rrMdYRhoZHRsfGAxPi5NT0TDA0O5d1rbqj8oxq6ZaTV2SX65rJM57m6TxvO1w2FJ3nlNpOt59rcMfVLHPPa9q8ZMhVU6toquwRlS6a9XIowmLMj/AgkPogsnUnbh4DSFihMxSxDwsq6jDAYcIjrEOGS1mABAabuBJaxDmENL/PcQSRvHVScVLIxNbordKvRdgijUX6v1QyTexOaVJVSBlGlNvl4MlC+v1fl0HVw8GX61dHgVgPFaz7O2i0oe0z3V3Vnr9x2H5Nb6SirWV2xZ7YA7tkHXbL7pnZeFOvkzx1AZFOK/085CDIrsYkFpOSLBLfRi8CWMQSVuiSa4hjFwlkaG4VpzhHW7gRHoVn4aUnHRL6nnl8C+HjE29rhFA=</latexit><latexit sha1_base64="w4ebG2Lseu7uEr8ISuqHyNeo0ew=">AAACQHichVC7SgNRED0bX3F9JGoj2ARDxCrctVEEMWhjmYd5QBLC7noTl+yL3U0gBn9AsBNTWKn4I1roD4jkDwQLEQXByskDRIM6A3fOPXMOw4xi65rrMdYWfEPDI6Nj/nFxYnJqOhCcmc24Vs1ReVq1dMvJKbLLdc3kaU/zdJ6zHS4bis6zSnW708/WueNqlrnrNWxeNOSKqZU1VfaIShXMWikYZlHWjdAgkPogvHkrbtiXD2LcCp6ggD1YUFGDAQ4THmEdMlzKPCQw2MQV0STOIaR1+xyHEMlbIxUnhUxsld4K/ZqELdJYpP9LJdPEzpQGVYWUIUS4XQoczafe/3UZVD3sf7l+deSJ9VDGWncHjTa0u0xnV7Xnrx+0XlPryUhziV2wJ3bPzlmb3bA7Ztbf1KsET55BpNNKPw85CDIrUYlFpQQLx7bQCz8WsIhluuQqYthBHGmaW8ExTtESroVH4Vl46Ul9Qt8zh28hfHwC3fKFxA==</latexit><latexit sha1_base64="w4ebG2Lseu7uEr8ISuqHyNeo0ew=">AAACQHichVC7SgNRED0bX3F9JGoj2ARDxCrctVEEMWhjmYd5QBLC7noTl+yL3U0gBn9AsBNTWKn4I1roD4jkDwQLEQXByskDRIM6A3fOPXMOw4xi65rrMdYWfEPDI6Nj/nFxYnJqOhCcmc24Vs1ReVq1dMvJKbLLdc3kaU/zdJ6zHS4bis6zSnW708/WueNqlrnrNWxeNOSKqZU1VfaIShXMWikYZlHWjdAgkPogvHkrbtiXD2LcCp6ggD1YUFGDAQ4THmEdMlzKPCQw2MQV0STOIaR1+xyHEMlbIxUnhUxsld4K/ZqELdJYpP9LJdPEzpQGVYWUIUS4XQoczafe/3UZVD3sf7l+deSJ9VDGWncHjTa0u0xnV7Xnrx+0XlPryUhziV2wJ3bPzlmb3bA7Ztbf1KsET55BpNNKPw85CDIrUYlFpQQLx7bQCz8WsIhluuQqYthBHGmaW8ExTtESroVH4Vl46Ul9Qt8zh28hfHwC3fKFxA==</latexit><latexit sha1_base64="kiJL5SMmEAmIoBmohq0j7ri9wWg=">AAACQHichVC7SgNBFD0bXzE+ErURbIIhYhVmbRSroI1lHuYBSQi76yQO7ovdTSAGf0CwE1NYKfgj2vgDFvkDwUJEQbDyZrMgGtQ7MHPm3HO43KPaunA9xvpSaGx8YnIqPB2ZmZ2bj8YWFouu1XI0XtAs3XLKquJyXZi84AlP52Xb4Yqh6rykHu0O+qU2d1xhmftex+Y1Q2maoiE0xSMqXzVb9ViCpZhf8VEgByCBoDJW7BxVHMCChhYMcJjwCOtQ4NKpQAaDTVwNXeIcQsLvc5wgQt4WqTgpFGKP6G7Sr0vYIo1F+r9UCk0cTOnQq5IyjiS369HT5fz7vy6DXg+HX65fHRViPTSw5e8gaEPbZwa7akN/+7j3mt/OJbtr7Jo9sQd2xfrsjt0zs/2m3WR57hIRilb+GeQoKG6kZJaSsyyR3glCDmMFq1inJDeRxh4yKNDcJs5wgZ50Kz1Kz9LLUBqSAs8SvpX08QllRoKD</latexit>

は O(1) の誤差で測定可能.

h00
ij + (2 + ⌫)Hh0

ij + c2k2hij = 0
<latexit sha1_base64="02tCV3HF4Q6SzmkGcoFz1Ql04uc="></latexit><latexit sha1_base64="dIoKmayyoKpD48fRAUEzXq+i99A="></latexit><latexit sha1_base64="dIoKmayyoKpD48fRAUEzXq+i99A="></latexit><latexit sha1_base64="odeoFcYb0OirWU6Lb4D/2pP7W6c="></latexit>



第３世代検出器での測定誤差

⌫
<latexit sha1_base64="YLQMcGDP01eglVIyzs3u5cgN94M=">AAACQHichVC7SgNRED3rM66PRG0Em2CIWIW7NoogBm0s8zAPSELYXW/ikn2xuwnEIFgLdmIKKwV/RAv9AYv8gWAhoiBYOdkERIM6A3fOPXMOw4xi65rrMdYRhoZHRsfGAxPi5NT0TDA0O5d1rbqj8oxq6ZaTV2SX65rJM57m6TxvO1w2FJ3nlNpOt59rcMfVLHPPa9q8ZMhVU6toquwRlS6a9XIowmLMj/AgkPogsnUnbh4DSFihMxSxDwsq6jDAYcIjrEOGS1mABAabuBJaxDmENL/PcQSRvHVScVLIxNbordKvRdgijUX6v1QyTexOaVJVSBlGlNvl4MlC+v1fl0HVw8GX61dHgVgPFaz7O2i0oe0z3V3Vnr9x2H5Nb6SirWV2xZ7YA7tkHXbL7pnZeFOvkzx1AZFOK/085CDIrsYkFpOSLBLfRi8CWMQSVuiSa4hjFwlkaG4VpzhHW7gRHoVn4aUnHRL6nnl8C+HjE29rhFA=</latexit><latexit sha1_base64="w4ebG2Lseu7uEr8ISuqHyNeo0ew=">AAACQHichVC7SgNRED0bX3F9JGoj2ARDxCrctVEEMWhjmYd5QBLC7noTl+yL3U0gBn9AsBNTWKn4I1roD4jkDwQLEQXByskDRIM6A3fOPXMOw4xi65rrMdYWfEPDI6Nj/nFxYnJqOhCcmc24Vs1ReVq1dMvJKbLLdc3kaU/zdJ6zHS4bis6zSnW708/WueNqlrnrNWxeNOSKqZU1VfaIShXMWikYZlHWjdAgkPogvHkrbtiXD2LcCp6ggD1YUFGDAQ4THmEdMlzKPCQw2MQV0STOIaR1+xyHEMlbIxUnhUxsld4K/ZqELdJYpP9LJdPEzpQGVYWUIUS4XQoczafe/3UZVD3sf7l+deSJ9VDGWncHjTa0u0xnV7Xnrx+0XlPryUhziV2wJ3bPzlmb3bA7Ztbf1KsET55BpNNKPw85CDIrUYlFpQQLx7bQCz8WsIhluuQqYthBHGmaW8ExTtESroVH4Vl46Ul9Qt8zh28hfHwC3fKFxA==</latexit><latexit sha1_base64="w4ebG2Lseu7uEr8ISuqHyNeo0ew=">AAACQHichVC7SgNRED0bX3F9JGoj2ARDxCrctVEEMWhjmYd5QBLC7noTl+yL3U0gBn9AsBNTWKn4I1roD4jkDwQLEQXByskDRIM6A3fOPXMOw4xi65rrMdYWfEPDI6Nj/nFxYnJqOhCcmc24Vs1ReVq1dMvJKbLLdc3kaU/zdJ6zHS4bis6zSnW708/WueNqlrnrNWxeNOSKqZU1VfaIShXMWikYZlHWjdAgkPogvHkrbtiXD2LcCp6ggD1YUFGDAQ4THmEdMlzKPCQw2MQV0STOIaR1+xyHEMlbIxUnhUxsld4K/ZqELdJYpP9LJdPEzpQGVYWUIUS4XQoczafe/3UZVD3sf7l+deSJ9VDGWncHjTa0u0xnV7Xnrx+0XlPryUhziV2wJ3bPzlmb3bA7Ztbf1KsET55BpNNKPw85CDIrUYlFpQQLx7bQCz8WsIhluuQqYthBHGmaW8ExTtESroVH4Vl46Ul9Qt8zh28hfHwC3fKFxA==</latexit><latexit sha1_base64="kiJL5SMmEAmIoBmohq0j7ri9wWg=">AAACQHichVC7SgNBFD0bXzE+ErURbIIhYhVmbRSroI1lHuYBSQi76yQO7ovdTSAGf0CwE1NYKfgj2vgDFvkDwUJEQbDyZrMgGtQ7MHPm3HO43KPaunA9xvpSaGx8YnIqPB2ZmZ2bj8YWFouu1XI0XtAs3XLKquJyXZi84AlP52Xb4Yqh6rykHu0O+qU2d1xhmftex+Y1Q2maoiE0xSMqXzVb9ViCpZhf8VEgByCBoDJW7BxVHMCChhYMcJjwCOtQ4NKpQAaDTVwNXeIcQsLvc5wgQt4WqTgpFGKP6G7Sr0vYIo1F+r9UCk0cTOnQq5IyjiS369HT5fz7vy6DXg+HX65fHRViPTSw5e8gaEPbZwa7akN/+7j3mt/OJbtr7Jo9sQd2xfrsjt0zs/2m3WR57hIRilb+GeQoKG6kZJaSsyyR3glCDmMFq1inJDeRxh4yKNDcJs5wgZ50Kz1Kz9LLUBqSAs8SvpX08QllRoKD</latexit>

は 0.02 の誤差まで測定可能.

3

Nishizawa & Arai, in prep.



B-DECIGO での測定誤差

30M�
<latexit sha1_base64="jiHJ9Zyol3UgYWEn+YnkCjwqzz4="></latexit><latexit sha1_base64="DRuGbquT0vQDiXt0RiezVOxCENk="></latexit><latexit sha1_base64="DRuGbquT0vQDiXt0RiezVOxCENk="></latexit><latexit sha1_base64="LxpvtptwcGIj7mbFXrMHcRwFb1c="></latexit>

300M�
<latexit sha1_base64="ztXq/Jv3BuC/7h6d6xKq2qavT5Y="></latexit><latexit sha1_base64="5HLyup7YWY0oOaGDk9HQMrMCL2c="></latexit><latexit sha1_base64="5HLyup7YWY0oOaGDk9HQMrMCL2c="></latexit><latexit sha1_base64="n8YOzBJBJQF0eTUcz5SezRvjmsE="></latexit>

3000M�
<latexit sha1_base64="NxKR3zdHCcATw/YJKjuEKED7IGE="></latexit><latexit sha1_base64="qfc7mlf89KgzQs4/hBYq+HTzA3o="></latexit><latexit sha1_base64="qfc7mlf89KgzQs4/hBYq+HTzA3o="></latexit><latexit sha1_base64="LdKUe5wrc8HcB73sOqY6fcrgUIs="></latexit>

BBH
BBH
BBH

SNR が大きい方が の測定誤差も
小さくなる.

⌫
<latexit sha1_base64="YLQMcGDP01eglVIyzs3u5cgN94M=">AAACQHichVC7SgNRED3rM66PRG0Em2CIWIW7NoogBm0s8zAPSELYXW/ikn2xuwnEIFgLdmIKKwV/RAv9AYv8gWAhoiBYOdkERIM6A3fOPXMOw4xi65rrMdYRhoZHRsfGAxPi5NT0TDA0O5d1rbqj8oxq6ZaTV2SX65rJM57m6TxvO1w2FJ3nlNpOt59rcMfVLHPPa9q8ZMhVU6toquwRlS6a9XIowmLMj/AgkPogsnUnbh4DSFihMxSxDwsq6jDAYcIjrEOGS1mABAabuBJaxDmENL/PcQSRvHVScVLIxNbordKvRdgijUX6v1QyTexOaVJVSBlGlNvl4MlC+v1fl0HVw8GX61dHgVgPFaz7O2i0oe0z3V3Vnr9x2H5Nb6SirWV2xZ7YA7tkHXbL7pnZeFOvkzx1AZFOK/085CDIrsYkFpOSLBLfRi8CWMQSVuiSa4hjFwlkaG4VpzhHW7gRHoVn4aUnHRL6nnl8C+HjE29rhFA=</latexit><latexit sha1_base64="w4ebG2Lseu7uEr8ISuqHyNeo0ew=">AAACQHichVC7SgNRED0bX3F9JGoj2ARDxCrctVEEMWhjmYd5QBLC7noTl+yL3U0gBn9AsBNTWKn4I1roD4jkDwQLEQXByskDRIM6A3fOPXMOw4xi65rrMdYWfEPDI6Nj/nFxYnJqOhCcmc24Vs1ReVq1dMvJKbLLdc3kaU/zdJ6zHS4bis6zSnW708/WueNqlrnrNWxeNOSKqZU1VfaIShXMWikYZlHWjdAgkPogvHkrbtiXD2LcCp6ggD1YUFGDAQ4THmEdMlzKPCQw2MQV0STOIaR1+xyHEMlbIxUnhUxsld4K/ZqELdJYpP9LJdPEzpQGVYWUIUS4XQoczafe/3UZVD3sf7l+deSJ9VDGWncHjTa0u0xnV7Xnrx+0XlPryUhziV2wJ3bPzlmb3bA7Ztbf1KsET55BpNNKPw85CDIrUYlFpQQLx7bQCz8WsIhluuQqYthBHGmaW8ExTtESroVH4Vl46Ul9Qt8zh28hfHwC3fKFxA==</latexit><latexit sha1_base64="w4ebG2Lseu7uEr8ISuqHyNeo0ew=">AAACQHichVC7SgNRED0bX3F9JGoj2ARDxCrctVEEMWhjmYd5QBLC7noTl+yL3U0gBn9AsBNTWKn4I1roD4jkDwQLEQXByskDRIM6A3fOPXMOw4xi65rrMdYWfEPDI6Nj/nFxYnJqOhCcmc24Vs1ReVq1dMvJKbLLdc3kaU/zdJ6zHS4bis6zSnW708/WueNqlrnrNWxeNOSKqZU1VfaIShXMWikYZlHWjdAgkPogvHkrbtiXD2LcCp6ggD1YUFGDAQ4THmEdMlzKPCQw2MQV0STOIaR1+xyHEMlbIxUnhUxsld4K/ZqELdJYpP9LJdPEzpQGVYWUIUS4XQoczafe/3UZVD3sf7l+deSJ9VDGWncHjTa0u0xnV7Xnrx+0XlPryUhziV2wJ3bPzlmb3bA7Ztbf1KsET55BpNNKPw85CDIrUYlFpQQLx7bQCz8WsIhluuQqYthBHGmaW8ExTtESroVH4Vl46Ul9Qt8zh28hfHwC3fKFxA==</latexit><latexit sha1_base64="kiJL5SMmEAmIoBmohq0j7ri9wWg=">AAACQHichVC7SgNBFD0bXzE+ErURbIIhYhVmbRSroI1lHuYBSQi76yQO7ovdTSAGf0CwE1NYKfgj2vgDFvkDwUJEQbDyZrMgGtQ7MHPm3HO43KPaunA9xvpSaGx8YnIqPB2ZmZ2bj8YWFouu1XI0XtAs3XLKquJyXZi84AlP52Xb4Yqh6rykHu0O+qU2d1xhmftex+Y1Q2maoiE0xSMqXzVb9ViCpZhf8VEgByCBoDJW7BxVHMCChhYMcJjwCOtQ4NKpQAaDTVwNXeIcQsLvc5wgQt4WqTgpFGKP6G7Sr0vYIo1F+r9UCk0cTOnQq5IyjiS369HT5fz7vy6DXg+HX65fHRViPTSw5e8gaEPbZwa7akN/+7j3mt/OJbtr7Jo9sQd2xfrsjt0zs/2m3WR57hIRilb+GeQoKG6kZJaSsyyR3glCDmMFq1inJDeRxh4yKNDcJs5wgZ50Kz1Kz9LLUBqSAs8SvpX08QllRoKD</latexit>

は 0.008 の誤差まで測定可能.⌫
<latexit sha1_base64="YLQMcGDP01eglVIyzs3u5cgN94M=">AAACQHichVC7SgNRED3rM66PRG0Em2CIWIW7NoogBm0s8zAPSELYXW/ikn2xuwnEIFgLdmIKKwV/RAv9AYv8gWAhoiBYOdkERIM6A3fOPXMOw4xi65rrMdYRhoZHRsfGAxPi5NT0TDA0O5d1rbqj8oxq6ZaTV2SX65rJM57m6TxvO1w2FJ3nlNpOt59rcMfVLHPPa9q8ZMhVU6toquwRlS6a9XIowmLMj/AgkPogsnUnbh4DSFihMxSxDwsq6jDAYcIjrEOGS1mABAabuBJaxDmENL/PcQSRvHVScVLIxNbordKvRdgijUX6v1QyTexOaVJVSBlGlNvl4MlC+v1fl0HVw8GX61dHgVgPFaz7O2i0oe0z3V3Vnr9x2H5Nb6SirWV2xZ7YA7tkHXbL7pnZeFOvkzx1AZFOK/085CDIrsYkFpOSLBLfRi8CWMQSVuiSa4hjFwlkaG4VpzhHW7gRHoVn4aUnHRL6nnl8C+HjE29rhFA=</latexit><latexit sha1_base64="w4ebG2Lseu7uEr8ISuqHyNeo0ew=">AAACQHichVC7SgNRED0bX3F9JGoj2ARDxCrctVEEMWhjmYd5QBLC7noTl+yL3U0gBn9AsBNTWKn4I1roD4jkDwQLEQXByskDRIM6A3fOPXMOw4xi65rrMdYWfEPDI6Nj/nFxYnJqOhCcmc24Vs1ReVq1dMvJKbLLdc3kaU/zdJ6zHS4bis6zSnW708/WueNqlrnrNWxeNOSKqZU1VfaIShXMWikYZlHWjdAgkPogvHkrbtiXD2LcCp6ggD1YUFGDAQ4THmEdMlzKPCQw2MQV0STOIaR1+xyHEMlbIxUnhUxsld4K/ZqELdJYpP9LJdPEzpQGVYWUIUS4XQoczafe/3UZVD3sf7l+deSJ9VDGWncHjTa0u0xnV7Xnrx+0XlPryUhziV2wJ3bPzlmb3bA7Ztbf1KsET55BpNNKPw85CDIrUYlFpQQLx7bQCz8WsIhluuQqYthBHGmaW8ExTtESroVH4Vl46Ul9Qt8zh28hfHwC3fKFxA==</latexit><latexit sha1_base64="w4ebG2Lseu7uEr8ISuqHyNeo0ew=">AAACQHichVC7SgNRED0bX3F9JGoj2ARDxCrctVEEMWhjmYd5QBLC7noTl+yL3U0gBn9AsBNTWKn4I1roD4jkDwQLEQXByskDRIM6A3fOPXMOw4xi65rrMdYWfEPDI6Nj/nFxYnJqOhCcmc24Vs1ReVq1dMvJKbLLdc3kaU/zdJ6zHS4bis6zSnW708/WueNqlrnrNWxeNOSKqZU1VfaIShXMWikYZlHWjdAgkPogvHkrbtiXD2LcCp6ggD1YUFGDAQ4THmEdMlzKPCQw2MQV0STOIaR1+xyHEMlbIxUnhUxsld4K/ZqELdJYpP9LJdPEzpQGVYWUIUS4XQoczafe/3UZVD3sf7l+deSJ9VDGWncHjTa0u0xnV7Xnrx+0XlPryUhziV2wJ3bPzlmb3bA7Ztbf1KsET55BpNNKPw85CDIrUYlFpQQLx7bQCz8WsIhluuQqYthBHGmaW8ExTtESroVH4Vl46Ul9Qt8zh28hfHwC3fKFxA==</latexit><latexit sha1_base64="kiJL5SMmEAmIoBmohq0j7ri9wWg=">AAACQHichVC7SgNBFD0bXzE+ErURbIIhYhVmbRSroI1lHuYBSQi76yQO7ovdTSAGf0CwE1NYKfgj2vgDFvkDwUJEQbDyZrMgGtQ7MHPm3HO43KPaunA9xvpSaGx8YnIqPB2ZmZ2bj8YWFouu1XI0XtAs3XLKquJyXZi84AlP52Xb4Yqh6rykHu0O+qU2d1xhmftex+Y1Q2maoiE0xSMqXzVb9ViCpZhf8VEgByCBoDJW7BxVHMCChhYMcJjwCOtQ4NKpQAaDTVwNXeIcQsLvc5wgQt4WqTgpFGKP6G7Sr0vYIo1F+r9UCk0cTOnQq5IyjiS369HT5fz7vy6DXg+HX65fHRViPTSw5e8gaEPbZwa7akN/+7j3mt/OJbtr7Jo9sQd2xfrsjt0zs/2m3WR57hIRilb+GeQoKG6kZJaSsyyR3glCDmMFq1inJDeRxh4yKNDcJs5wgZ50Kz1Kz9LLUBqSAs8SvpX08QllRoKD</latexit>

preliminary preliminary



Horndeski 理論

l ２階微分までで最も一般的なスカラーテンソル理論

Horndeski 1974
Deffayet, Gao, Steer, and Zahariade 2011
Kobayashi, Yamaguchi, Yokoyama 2011

l １種類のスカラー場の自由度 � X = �rµ�rµ�/2

G2(K), G3, G4, G5l ４つのスカラー場の任意関数

S =

Z
dx4p�g

 
5X

i=2

Li + Lm

!

<latexit sha1_base64="4gNhAS8QuKYNl5z9bx7y7Wb514U="></latexit><latexit sha1_base64="WuRTZ2+VspT1XRcsxMp4UjS1aLM="></latexit><latexit sha1_base64="WuRTZ2+VspT1XRcsxMp4UjS1aLM="></latexit><latexit sha1_base64="Dz7vsdr7hegF0iYUryo1fVI1OGM="></latexit>



モデルの分類

log |2�g|

lo
g
|⌫
|

Arai & Nishizawa 2018



モデルの分類

log |2�g|
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Arai & Nishizawa 2018



モデルの分類

log |2�g|

lo
g
|⌫
|

Arai & Nishizawa 2018

excluded excluded excluded excluded



振幅減衰率からの制限

= ⌫
<latexit sha1_base64="I2Pdq4K1rxnVe4bY9aERUrF/M/o="></latexit><latexit sha1_base64="DjwhXhr7mX+3bJbGGBruUxkZDR8="></latexit><latexit sha1_base64="DjwhXhr7mX+3bJbGGBruUxkZDR8="></latexit><latexit sha1_base64="pxZU1AZu4NvlKlE1ojhZzjOrba4="></latexit>

重力波観測で まで制限できれば、
のモデルをほぼ棄却できる.

�⌫ ⇠ O(0.01)
<latexit sha1_base64="lZsz8XmkdpQrAKL96wX5HB8bmd0="></latexit><latexit sha1_base64="vLvna9qiRX/FPZqhyREgs6JAVNM="></latexit><latexit sha1_base64="vLvna9qiRX/FPZqhyREgs6JAVNM="></latexit><latexit sha1_base64="3706PZ76H/Vtx2wqQD2HUWwX8bg="></latexit>

Gmatter 6= Glight
<latexit sha1_base64="W9cnx/At2/dxCCSMUAiv7XcPgWs="></latexit><latexit sha1_base64="q++RyrERoZ2BqJLcUpRa/UGOs3c="></latexit><latexit sha1_base64="q++RyrERoZ2BqJLcUpRa/UGOs3c="></latexit><latexit sha1_base64="Imec60T6KZ3NB3IUPEZ49MJ6s/Q="></latexit>

月のレーザー測距や連星パルサーからの制限

L = G2(�, X)�G3(�, X)⇤�+G4(�)R
<latexit sha1_base64="84+OEcRljXkyLnN0xcrOXSRXlKo="></latexit><latexit sha1_base64="KBDp8Y3lXoiFE8xFEe1IEVzGfVU="></latexit><latexit sha1_base64="KBDp8Y3lXoiFE8xFEe1IEVzGfVU="></latexit><latexit sha1_base64="4h54gUipWNWBn3IKFQjIj3xQLU4="></latexit>

Nishizawa & Arai, in prep.

ĠN/GN . 0.02H0
<latexit sha1_base64="ggNAuoSBclrnDzvq5OG4nA01P6k="></latexit><latexit sha1_base64="W5Fm/lSeP3Gtky8BXYmJOyWpJ3g="></latexit><latexit sha1_base64="W5Fm/lSeP3Gtky8BXYmJOyWpJ3g="></latexit><latexit sha1_base64="T+zu8fFAwC4CaNalJkO+En7Jk8o="></latexit>



まとめ

l 宇宙論的距離における等価原理は実験的にあまり精度良く検証
されていない. 宇宙加速膨張を説明する重力理論の検証のために
非常に重要な検証事項.

l 重力波伝播により振幅減衰率 を測定することで、重力波に
対する重力定数を測定することができる.

l の測定精度:

現在の検出器ネットワーク (aLIGO や KAGRA など) 

将来の検出器 (ET-D, CE, B-DECIGO など) 

⌫
<latexit sha1_base64="YLQMcGDP01eglVIyzs3u5cgN94M=">AAACQHichVC7SgNRED3rM66PRG0Em2CIWIW7NoogBm0s8zAPSELYXW/ikn2xuwnEIFgLdmIKKwV/RAv9AYv8gWAhoiBYOdkERIM6A3fOPXMOw4xi65rrMdYRhoZHRsfGAxPi5NT0TDA0O5d1rbqj8oxq6ZaTV2SX65rJM57m6TxvO1w2FJ3nlNpOt59rcMfVLHPPa9q8ZMhVU6toquwRlS6a9XIowmLMj/AgkPogsnUnbh4DSFihMxSxDwsq6jDAYcIjrEOGS1mABAabuBJaxDmENL/PcQSRvHVScVLIxNbordKvRdgijUX6v1QyTexOaVJVSBlGlNvl4MlC+v1fl0HVw8GX61dHgVgPFaz7O2i0oe0z3V3Vnr9x2H5Nb6SirWV2xZ7YA7tkHXbL7pnZeFOvkzx1AZFOK/085CDIrsYkFpOSLBLfRi8CWMQSVuiSa4hjFwlkaG4VpzhHW7gRHoVn4aUnHRL6nnl8C+HjE29rhFA=</latexit><latexit sha1_base64="w4ebG2Lseu7uEr8ISuqHyNeo0ew=">AAACQHichVC7SgNRED0bX3F9JGoj2ARDxCrctVEEMWhjmYd5QBLC7noTl+yL3U0gBn9AsBNTWKn4I1roD4jkDwQLEQXByskDRIM6A3fOPXMOw4xi65rrMdYWfEPDI6Nj/nFxYnJqOhCcmc24Vs1ReVq1dMvJKbLLdc3kaU/zdJ6zHS4bis6zSnW708/WueNqlrnrNWxeNOSKqZU1VfaIShXMWikYZlHWjdAgkPogvHkrbtiXD2LcCp6ggD1YUFGDAQ4THmEdMlzKPCQw2MQV0STOIaR1+xyHEMlbIxUnhUxsld4K/ZqELdJYpP9LJdPEzpQGVYWUIUS4XQoczafe/3UZVD3sf7l+deSJ9VDGWncHjTa0u0xnV7Xnrx+0XlPryUhziV2wJ3bPzlmb3bA7Ztbf1KsET55BpNNKPw85CDIrUYlFpQQLx7bQCz8WsIhluuQqYthBHGmaW8ExTtESroVH4Vl46Ul9Qt8zh28hfHwC3fKFxA==</latexit><latexit sha1_base64="w4ebG2Lseu7uEr8ISuqHyNeo0ew=">AAACQHichVC7SgNRED0bX3F9JGoj2ARDxCrctVEEMWhjmYd5QBLC7noTl+yL3U0gBn9AsBNTWKn4I1roD4jkDwQLEQXByskDRIM6A3fOPXMOw4xi65rrMdYWfEPDI6Nj/nFxYnJqOhCcmc24Vs1ReVq1dMvJKbLLdc3kaU/zdJ6zHS4bis6zSnW708/WueNqlrnrNWxeNOSKqZU1VfaIShXMWikYZlHWjdAgkPogvHkrbtiXD2LcCp6ggD1YUFGDAQ4THmEdMlzKPCQw2MQV0STOIaR1+xyHEMlbIxUnhUxsld4K/ZqELdJYpP9LJdPEzpQGVYWUIUS4XQoczafe/3UZVD3sf7l+deSJ9VDGWncHjTa0u0xnV7Xnrx+0XlPryUhziV2wJ3bPzlmb3bA7Ztbf1KsET55BpNNKPw85CDIrUYlFpQQLx7bQCz8WsIhluuQqYthBHGmaW8ExTtESroVH4Vl46Ul9Qt8zh28hfHwC3fKFxA==</latexit><latexit sha1_base64="kiJL5SMmEAmIoBmohq0j7ri9wWg=">AAACQHichVC7SgNBFD0bXzE+ErURbIIhYhVmbRSroI1lHuYBSQi76yQO7ovdTSAGf0CwE1NYKfgj2vgDFvkDwUJEQbDyZrMgGtQ7MHPm3HO43KPaunA9xvpSaGx8YnIqPB2ZmZ2bj8YWFouu1XI0XtAs3XLKquJyXZi84AlP52Xb4Yqh6rykHu0O+qU2d1xhmftex+Y1Q2maoiE0xSMqXzVb9ViCpZhf8VEgByCBoDJW7BxVHMCChhYMcJjwCOtQ4NKpQAaDTVwNXeIcQsLvc5wgQt4WqTgpFGKP6G7Sr0vYIo1F+r9UCk0cTOnQq5IyjiS369HT5fz7vy6DXg+HX65fHRViPTSw5e8gaEPbZwa7akN/+7j3mt/OJbtr7Jo9sQd2xfrsjt0zs/2m3WR57hIRilb+GeQoKG6kZJaSsyyR3glCDmMFq1inJDeRxh4yKNDcJs5wgZ50Kz1Kz9LLUBqSAs8SvpX08QllRoKD</latexit>

�⌫ ⇠ O(0.01)
<latexit sha1_base64="lZsz8XmkdpQrAKL96wX5HB8bmd0="></latexit><latexit sha1_base64="vLvna9qiRX/FPZqhyREgs6JAVNM="></latexit><latexit sha1_base64="vLvna9qiRX/FPZqhyREgs6JAVNM="></latexit><latexit sha1_base64="3706PZ76H/Vtx2wqQD2HUWwX8bg="></latexit>

�⌫ ⇠ O(1)
<latexit sha1_base64="ads1xKobga+hvzoJccSTdunMmfs="></latexit><latexit sha1_base64="hqTC9mznd9XvvIndti97H4GSAVk="></latexit><latexit sha1_base64="hqTC9mznd9XvvIndti97H4GSAVk="></latexit><latexit sha1_base64="DutgUis1a9pmwYwBnNYZlBo2bKE="></latexit>

⌫
<latexit sha1_base64="YLQMcGDP01eglVIyzs3u5cgN94M=">AAACQHichVC7SgNRED3rM66PRG0Em2CIWIW7NoogBm0s8zAPSELYXW/ikn2xuwnEIFgLdmIKKwV/RAv9AYv8gWAhoiBYOdkERIM6A3fOPXMOw4xi65rrMdYRhoZHRsfGAxPi5NT0TDA0O5d1rbqj8oxq6ZaTV2SX65rJM57m6TxvO1w2FJ3nlNpOt59rcMfVLHPPa9q8ZMhVU6toquwRlS6a9XIowmLMj/AgkPogsnUnbh4DSFihMxSxDwsq6jDAYcIjrEOGS1mABAabuBJaxDmENL/PcQSRvHVScVLIxNbordKvRdgijUX6v1QyTexOaVJVSBlGlNvl4MlC+v1fl0HVw8GX61dHgVgPFaz7O2i0oe0z3V3Vnr9x2H5Nb6SirWV2xZ7YA7tkHXbL7pnZeFOvkzx1AZFOK/085CDIrsYkFpOSLBLfRi8CWMQSVuiSa4hjFwlkaG4VpzhHW7gRHoVn4aUnHRL6nnl8C+HjE29rhFA=</latexit><latexit sha1_base64="w4ebG2Lseu7uEr8ISuqHyNeo0ew=">AAACQHichVC7SgNRED0bX3F9JGoj2ARDxCrctVEEMWhjmYd5QBLC7noTl+yL3U0gBn9AsBNTWKn4I1roD4jkDwQLEQXByskDRIM6A3fOPXMOw4xi65rrMdYWfEPDI6Nj/nFxYnJqOhCcmc24Vs1ReVq1dMvJKbLLdc3kaU/zdJ6zHS4bis6zSnW708/WueNqlrnrNWxeNOSKqZU1VfaIShXMWikYZlHWjdAgkPogvHkrbtiXD2LcCp6ggD1YUFGDAQ4THmEdMlzKPCQw2MQV0STOIaR1+xyHEMlbIxUnhUxsld4K/ZqELdJYpP9LJdPEzpQGVYWUIUS4XQoczafe/3UZVD3sf7l+deSJ9VDGWncHjTa0u0xnV7Xnrx+0XlPryUhziV2wJ3bPzlmb3bA7Ztbf1KsET55BpNNKPw85CDIrUYlFpQQLx7bQCz8WsIhluuQqYthBHGmaW8ExTtESroVH4Vl46Ul9Qt8zh28hfHwC3fKFxA==</latexit><latexit sha1_base64="w4ebG2Lseu7uEr8ISuqHyNeo0ew=">AAACQHichVC7SgNRED0bX3F9JGoj2ARDxCrctVEEMWhjmYd5QBLC7noTl+yL3U0gBn9AsBNTWKn4I1roD4jkDwQLEQXByskDRIM6A3fOPXMOw4xi65rrMdYWfEPDI6Nj/nFxYnJqOhCcmc24Vs1ReVq1dMvJKbLLdc3kaU/zdJ6zHS4bis6zSnW708/WueNqlrnrNWxeNOSKqZU1VfaIShXMWikYZlHWjdAgkPogvHkrbtiXD2LcCp6ggD1YUFGDAQ4THmEdMlzKPCQw2MQV0STOIaR1+xyHEMlbIxUnhUxsld4K/ZqELdJYpP9LJdPEzpQGVYWUIUS4XQoczafe/3UZVD3sf7l+deSJ9VDGWncHjTa0u0xnV7Xnrx+0XlPryUhziV2wJ3bPzlmb3bA7Ztbf1KsET55BpNNKPw85CDIrUYlFpQQLx7bQCz8WsIhluuQqYthBHGmaW8ExTtESroVH4Vl46Ul9Qt8zh28hfHwC3fKFxA==</latexit><latexit sha1_base64="kiJL5SMmEAmIoBmohq0j7ri9wWg=">AAACQHichVC7SgNBFD0bXzE+ErURbIIhYhVmbRSroI1lHuYBSQi76yQO7ovdTSAGf0CwE1NYKfgj2vgDFvkDwUJEQbDyZrMgGtQ7MHPm3HO43KPaunA9xvpSaGx8YnIqPB2ZmZ2bj8YWFouu1XI0XtAs3XLKquJyXZi84AlP52Xb4Yqh6rykHu0O+qU2d1xhmftex+Y1Q2maoiE0xSMqXzVb9ViCpZhf8VEgByCBoDJW7BxVHMCChhYMcJjwCOtQ4NKpQAaDTVwNXeIcQsLvc5wgQt4WqTgpFGKP6G7Sr0vYIo1F+r9UCk0cTOnQq5IyjiS369HT5fz7vy6DXg+HX65fHRViPTSw5e8gaEPbZwa7akN/+7j3mt/OJbtr7Jo9sQd2xfrsjt0zs/2m3WR57hIRilb+GeQoKG6kZJaSsyyR3glCDmMFq1inJDeRxh4yKNDcJs5wgZ50Kz1Kz9LLUBqSAs8SvpX08QllRoKD</latexit>

ĠN/GN . 0.02H0
<latexit sha1_base64="ggNAuoSBclrnDzvq5OG4nA01P6k="></latexit><latexit sha1_base64="W5Fm/lSeP3Gtky8BXYmJOyWpJ3g="></latexit><latexit sha1_base64="W5Fm/lSeP3Gtky8BXYmJOyWpJ3g="></latexit><latexit sha1_base64="T+zu8fFAwC4CaNalJkO+En7Jk8o="></latexit>


