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なぜ量⼦重⼒理論が必要か？

宇宙開闢の謎を解明するため

[wikipedia]

10-35m

量⼦重⼒理論の候補は⾊々あるが…

離散的⼿法によるQuantum Regge Calculus (QRC)を考える 

時空を単体分割する（単体分割は固定）

⼒学変数 = 単体の辺の⻑さ

量⼦重⼒理論としてのQRC
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特にLorentz型QRCを解析したい：

[Jia, 2021]
⼀般化されたシンブルを⽤いたアプローチ

テンソルネットワーク法を⽤いたアプローチ
[Ito-Kadoh-Sato, 2022]
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量⼦重⼒理論の候補は⾊々あるが…

離散的⼿法によるQuantum Regge Calculus (QRC)を考える 

量⼦重⼒理論としてのQRC

このお話をします

特にLorentz型QRCを解析したい：

[Jia, 2021]
⼀般化されたシンブルを⽤いたアプローチ
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テンソル繰り込み群 (TRG) [Lavin-Nave, 2007]

(1) 分配関数を縮約されたテンソルの積（テンソルネットワーク）で表現する

TRGは分配関数を以下の⽅法で数値的に計算する⼿法である：

(2) テンソルネットワークを効率的に粗視化する
<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T
<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T
<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T
<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T
<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T
<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T
<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T
<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T
<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T

<latexit sha1_base64="p0I8T/G+uiPfLNCv2mPgkPj4Bkg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK/YI2lM1m2i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lH3BGjZU6PcNFiKTRL1fcqjsHWSVeTiqQo94vf/XCmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfze+dkjOrhGQQK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmoGN37GZZIalGyxaJAKYmIye56EXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9a6q7sNlpXabx1GEEziFc/DgGmpwD3VoAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP55Hj7E=</latexit>

T̃
<latexit sha1_base64="p0I8T/G+uiPfLNCv2mPgkPj4Bkg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK/YI2lM1m2i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lH3BGjZU6PcNFiKTRL1fcqjsHWSVeTiqQo94vf/XCmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfze+dkjOrhGQQK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmoGN37GZZIalGyxaJAKYmIye56EXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9a6q7sNlpXabx1GEEziFc/DgGmpwD3VoAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP55Hj7E=</latexit>

T̃

<latexit sha1_base64="p0I8T/G+uiPfLNCv2mPgkPj4Bkg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK/YI2lM1m2i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lH3BGjZU6PcNFiKTRL1fcqjsHWSVeTiqQo94vf/XCmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfze+dkjOrhGQQK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmoGN37GZZIalGyxaJAKYmIye56EXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9a6q7sNlpXabx1GEEziFc/DgGmpwD3VoAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP55Hj7E=</latexit>

T̃
<latexit sha1_base64="p0I8T/G+uiPfLNCv2mPgkPj4Bkg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK/YI2lM1m2i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lH3BGjZU6PcNFiKTRL1fcqjsHWSVeTiqQo94vf/XCmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfze+dkjOrhGQQK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmoGN37GZZIalGyxaJAKYmIye56EXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9a6q7sNlpXabx1GEEziFc/DgGmpwD3VoAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP55Hj7E=</latexit>

T̃

<latexit sha1_base64="LNqsaJT+i07eMErSwymCIwvqcao=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv3ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aPXBwOO9GWbmBYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdD31W49cGxGrexwn3I/oQIlQMIpWunu47JUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uwws/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL2zqnt7Wqld5XEU4QAO4Rg8OIca3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzc8KI0q</latexit>

Z =
<latexit sha1_base64="s8JYstCKRG43L1QBsf7PgXtjZd0=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQbLIkWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqGZVpygKqhNKdiBgmuGSB5VawTqoZSSLB2tH4bua3n5g2XMlHO0lZmJCh5DGnxDop6FElh/1qzat7c+BV4hekBgWa/epXb6BoljBpqSDGdH0vtWFOtOVUsGmllxmWEjomQ9Z1VJKEmTCfHzvFZ04Z4FhpV9Liufp7IieJMZMkcp0JsSOz7M3E/7xuZuObMOcyzSyTdLEozgS2Cs8+xwOuGbVi4gihmrtbMR0RTah1+VRcCP7yy6ukdVH3r+rew2WtcVvEUYYTOIVz8OEaGnAPTQiAAodneIU3JNELekcfi9YSKmaO4Q/Q5w/WOY60</latexit>⇠=

利点:

統計的取り扱いをしないため, 符号問題がない (cf. Lefschetz thimble, complex Langevin)

⽐較的⼤きな格⼦サイズの取り扱いが可能

<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T
<latexit sha1_base64="KZtEY6D3G0N6zovOdYsO7RDOBWk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUoP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4AxQOM6g==</latexit>a

<latexit sha1_base64="S361tnDdhEezOrnqdPicKgJn4xc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBxoeM6w==</latexit>

b

<latexit sha1_base64="0KtOIgobUkC74rADXenRQ/AsUF8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUYP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4AyAuM7A==</latexit>c

<latexit sha1_base64="55qFClV0QuHnT63TskExW1ORIoA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWw2k3btZhN2N0Ip/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hobua3n1BpnsgHM07Rj+lA8ogzaqzUCPvlilt15yCrxMtJBXLU++WvXpiwLEZpmKBadz03Nf6EKsOZwGmpl2lMKRvRAXYtlTRG7U/mh07JmVVCEiXKljRkrv6emNBY63Ec2M6YmqFe9mbif143M9GNP+EyzQxKtlgUZYKYhMy+JiFXyIwYW0KZ4vZWwoZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyY+M7Q==</latexit>

d

<latexit sha1_base64="2KrZC4eaOX8jXVeNEoouiPOZ0fo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK/YI2lMlm2y7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPx3cxvPzGleSwbZpIwP8Kh5ANO0Vip0+hnGNBw2i9X3Ko7B1klXk4qkKPeL3/1wpimEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n83vnZIzq4RkECtb0pC5+nsiw0jrSRTYzgjNSC97M/E/r5uawY2fcZmkhkm6WDRIBTExmT1PQq4YNWJiCVLF7a2EjlAhNTaikg3BW355lbQuqt5V1X24rNRu8ziKcAKncA4eXEMN7qEOTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wcb1JAE</latexit>

Tabcd
<latexit sha1_base64="GLCa2yGVb0Tz9+JyXNFE3WRlQ/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUIAQtSBQtjkfoSbRQ5jtNadezIdpCqqAMLv8LCAEKsfAQbf4PTZoCWI13do3PulX1PkDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oKJFKTNpYMCF7AVKEUU7ammpGeokkKA4Y6Qbjm9zvPhCpqOAtPUmIF6MhpxHFSBvJt6v38Aq2/AwFOJzmnUTD6QCHQivo2zWn7swAl4lbkBoo0PTtr0EocBoTrjFDSvVdJ9FehqSmmJFpZZAqkiA8RkPSN5SjmCgvmx0xhcdGCWEkpCmu4Uz9vZGhWKlJHJjJGOmRWvRy8T+vn+ro0ssoT1JNOJ4/FKUMagHzRGBIJcGaTQxBWFLzV4hHSCKsTW4VE4K7ePIy6ZzW3fO6c3dWa1wXcZRBFRyBE+CCC9AAt6AJ2gCDR/AMXsGb9WS9WO/Wx3y0ZBU7h+APrM8f44+XoQ==</latexit>

Z = TabcdTaefg · · ·
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Regge Calculus



Regge Calculusとは？

0次元

Regge Calculus [Regge, 1961]

連続時空を単体複体で近似して、座標を導⼊せず時空の⼒学を記述する⽅法

単体とは？

などなど

1次元 2次元 3次元 4次元

２次元単体複体の例：

近似



Regge Calculusとは？

0次元

Regge Calculus [Regge, 1961]

連続時空を単体複体で近似して、座標を導⼊せず時空の⼒学を記述する⽅法

単体とは？

などなど

1次元 2次元 3次元 4次元

重要事項：

1. 単体の内部は平坦時空

2. 時空の曲率は余次元２の単体（=hinge）での円錐特異点で表される



Regge Calculusとは？

0次元

Regge Calculus [Regge, 1961]

連続時空を単体複体で近似して、座標を導⼊せず時空の⼒学を記述する⽅法

単体とは？

などなど

1次元 2次元 3次元 4次元

２次元単体複体の例：

切断
<latexit sha1_base64="WDWyFpYYenDKMbMcXUcBc9bO3/w=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDabbbt0swm7k0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94iThfkQHSvQFo2ilp27IJdJeNp72yhW36s5BVomXkwrkqPfKX90wZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWKpoxI2fzS+ekjOrhKQfa1sKyVz9PZHRyJhJFNjOiOLQLHsz8T+vk2L/xs+ESlLkii0W9VNJMCaz90koNGcoJ5ZQpoW9lbAh1ZShDalkQ/CWX14lzYuqd1V1Hy4rtds8jiKcwCmcgwfXUIN7qEMDGCh4hld4c4zz4rw7H4vWgpPPHMMfOJ8/7fiRFg==</latexit>

�v

<latexit sha1_base64="c91zVwSLhZSvwwCoaZwOr45Shkc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuplBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0P/NbY1Sax/LRTBL0IzqQPOSMGivVx71S2a24c5BV4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4LTYTTUmlI3oADuWShqh9rP5oVNybpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjrZ1wmqUHJFovCVBATk9nXpM8VMiMmllCmuL2VsCFVlBmbTdGG4C2/vEqalxXvuuLWr8rVuzyOApzCGVyABzdQhQeoQQMYIDzDK7w5T86L8+58LFrXnHzmBP7A+fwB5NeM/w==</latexit>v <latexit sha1_base64="c91zVwSLhZSvwwCoaZwOr45Shkc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuplBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0P/NbY1Sax/LRTBL0IzqQPOSMGivVx71S2a24c5BV4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4LTYTTUmlI3oADuWShqh9rP5oVNybpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjrZ1wmqUHJFovCVBATk9nXpM8VMiMmllCmuL2VsCFVlBmbTdGG4C2/vEqalxXvuuLWr8rVuzyOApzCGVyABzdQhQeoQQMYIDzDK7w5T86L8+58LFrXnHzmBP7A+fwB5NeM/w==</latexit>v
<latexit sha1_base64="daszUB5JNYdDtVCvO22N1SgZnTY=">AAAB+3icbVDLSgMxFM3UV62vWpdugkVwVWZE1GXRjcsq9gGdYchkMm1oJglJpliG/oobF4q49Ufc+Tem7Sy09cCFwzn3cu89kWRUG9f9dkpr6xubW+Xtys7u3v5B9bDW0SJTmLSxYEL1IqQJo5y0DTWM9KQiKI0Y6Uaj25nfHROlqeCPZiJJkKIBpwnFyFgprNYeoC+VkEZAPybMoHAcVutuw50DrhKvIHVQoBVWv/xY4Cwl3GCGtO57rjRBjpShmJFpxc80kQiP0ID0LeUoJTrI57dP4alVYpgIZYsbOFd/T+Qo1XqSRrYzRWaol72Z+J/Xz0xyHeSUy8wQjheLkoxB++ksCBhTRbBhE0sQVtTeCvEQKYSNjatiQ/CWX14lnfOGd9lw7y/qzZsijjI4BifgDHjgCjTBHWiBNsDgCTyDV/DmTJ0X5935WLSWnGLmCPyB8/kDpPGUMQ==</latexit>

R / �v

hinge



Lorentz型 Regge Calculus



Lorentz型 Regge Calculus [Sorkin, 1975]

<latexit sha1_base64="FoYi2QLIm7v72i+gW9Srpss58Rk=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgQksioi6LblxWsQ9oY5lMJu3QySTMTMQS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45XsyoVLb9bZSWlldW18rrlY3Nre0dc7fallEiMGnhiEWi6yFJGOWkpahipBsLgkKPkY43vs79ziMRkkb8Xk1i4oZoyGlAMVJaGpjVfojUyPPSu+whdY79EycbmDW7bk9hLRKnIDUo0ByYX30/wklIuMIMSdlz7Fi5KRKKYkaySj+RJEZ4jIakpylHIZFuOs2eWYda8a0gEvpxZU3V3xspCqWchJ6ezJPKeS8X//N6iQou3ZTyOFGE49mhIGGWiqy8CMungmDFJpogLKjOauEREggrXVdFl+DMf3mRtE/rznndvj2rNa6KOsqwDwdwBA5cQANuoAktwPAEz/AKb0ZmvBjvxsdstGQUO3vwB8bnD0Idk+0=</latexit>

R1,d�1

<latexit sha1_base64="cNaWDY4/2jI1TrYuCXaNLtjIssw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KlkR9Vj04rGC/ZB2Ldk024Ym2SXJFsrSX+HFgyJe/Tne/Dem7R609cHA470ZZuaFieDGYvztrayurW9sFraK2zu7e/ulg8OGiVNNWZ3GItatkBgmuGJ1y61grUQzIkPBmuHwduo3R0wbHqsHO05YIElf8YhTYp30OHrKOjKddHG3VMYVPANaJn5OypCj1i19dXoxTSVTlgpiTNvHiQ0yoi2ngk2KndSwhNAh6bO2o4pIZoJsdvAEnTqlh6JYu1IWzdTfExmRxoxl6DolsQOz6E3F/7x2aqPrIOMqSS1TdL4oSgWyMZp+j3pcM2rF2BFCNXe3IjogmlDrMiq6EPzFl5dJ47ziX1bw/UW5epPHUYBjOIEz8OEKqnAHNagDBQnP8ApvnvZevHfvY9664uUzR/AH3ucP3PGQcg==</latexit>

vµ0

<latexit sha1_base64="esONQu6mfc827fF+noVxVZXHCy4=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUiyhtnJbDJkHsvMbCAs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHDqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ1vp35zRLVhSj7YcUJDgfuSxYxg66TH0VPWEemkG3RLZb/iz4CWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp5NiJzU0wWSI+7TtqMSCmjCbHTxBp07poVhpV9Kimfp7IsPCmLGIXKfAdmAWvan4n9dObXwdZkwmqaWSzBfFKUdWoen3qMc0JZaPHcFEM3crIgOsMbEuo6ILIVh8eZk0zivBZcW/vyhXb/I4CnAMJ3AGAVxBFe6gBnUgIOAZXuHN096L9+59zFtXvHzmCP7A+/wB3nWQcw==</latexit>

vµ1
<latexit sha1_base64="iYlnpuiSN4cHXR97OaprOgwebiU=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbRD0WvXisYD+kXUs2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CoqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up35rTFVmsXywUwSGgg8kCxiBBsrPY6fsq5Ip71qzy17FW8OtEr8nJQhR73nfnX7MUkFlYZwrHXH9xITZFgZRjidlrqppgkmIzygHUslFlQH2fzgKTqzSh9FsbIlDZqrvycyLLSeiNB2CmyGetmbif95ndRE10HGZJIaKsliUZRyZGI0+x71maLE8IklmChmb0VkiBUmxmZUsiH4yy+vkma14l9WvPuLcu0mj6MIJ3AK5+DDFdTgDurQAAICnuEV3hzlvDjvzseiteDkM8fwB87nD9/5kHQ=</latexit>

vµ2

<latexit sha1_base64="/HYSCxqR8HEKzmPUlQZJ5SQsvGA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9p15JNs21okl2SbKEs/RVePCji1Z/jzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywus381pgqzSL5YCYx9QUeSBYygo2VHsdPaVck0955r1xxq+4MaJl4OalAjnqv/NXtRyQRVBrCsdYdz42Nn2JlGOF0WuommsaYjPCAdiyVWFDtp7ODp+jEKn0URsqWNGim/p5IsdB6IgLbKbAZ6kUvE//zOokJr/2UyTgxVJL5ojDhyEQo+x71maLE8IklmChmb0VkiBUmxmZUsiF4iy8vk+ZZ1busuvcXldpNHkcRjuAYTsGDK6jBHdShAQQEPMMrvDnKeXHenY95a8HJZw7hD5zPH+F9kHU=</latexit>

vµ3 頂点の座標：
<latexit sha1_base64="ginN0AVHPw76uEpNfVfFnHAFuZg=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoEGpSRAUpFN24rGAf0MQwmUzboZMHM5NCCf0MN/6KGxeKuO3Ov3HaRtDWAxcO59zLvfd4MaNCmuaXlltZXVvfyG8WtrZ3dvf0/YOmiBKOSQNHLOJtDwnCaEgakkpG2jEnKPAYaXmD26nfGhIuaBQ+yFFMnAD1QtqlGEklufrZ8DG1g2TsUhuWaNU0LMPGfiSFAf1rGyqrahmVH80/dfWiWTZngMvEykgRZKi7+sT2I5wEJJSYISE6lhlLJ0VcUszIuGAngsQID1CPdBQNUUCEk84eG8MTpfiwG3FVoYQz9fdEigIhRoGnOgMk+2LRm4r/eZ1Edq+clIZxIkmI54u6CYMygtOUoE85wZKNFEGYU3UrxH3EEZYqy4IKwVp8eZk0K2XromzenxdrN1kceXAEjkEJWOAS1MAdqIMGwOAJvIA38K49a6/ah/Y5b81p2cwh+ANt8g2pRZ2j</latexit>

vµi (i = 0, 1, · · · , d; µ = 1, 2, · · · , d)
３次元の例

に埋め込まれたd次元単体（ σd  ）を考える：



Lorentz型 Regge Calculus [Sorkin, 1975]

<latexit sha1_base64="FoYi2QLIm7v72i+gW9Srpss58Rk=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgQksioi6LblxWsQ9oY5lMJu3QySTMTMQS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45XsyoVLb9bZSWlldW18rrlY3Nre0dc7fallEiMGnhiEWi6yFJGOWkpahipBsLgkKPkY43vs79ziMRkkb8Xk1i4oZoyGlAMVJaGpjVfojUyPPSu+whdY79EycbmDW7bk9hLRKnIDUo0ByYX30/wklIuMIMSdlz7Fi5KRKKYkaySj+RJEZ4jIakpylHIZFuOs2eWYda8a0gEvpxZU3V3xspCqWchJ6ezJPKeS8X//N6iQou3ZTyOFGE49mhIGGWiqy8CMungmDFJpogLKjOauEREggrXVdFl+DMf3mRtE/rznndvj2rNa6KOsqwDwdwBA5cQANuoAktwPAEz/AKb0ZmvBjvxsdstGQUO3vwB8bnD0Idk+0=</latexit>

R1,d�1

頂点の座標：
<latexit sha1_base64="ginN0AVHPw76uEpNfVfFnHAFuZg=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoEGpSRAUpFN24rGAf0MQwmUzboZMHM5NCCf0MN/6KGxeKuO3Ov3HaRtDWAxcO59zLvfd4MaNCmuaXlltZXVvfyG8WtrZ3dvf0/YOmiBKOSQNHLOJtDwnCaEgakkpG2jEnKPAYaXmD26nfGhIuaBQ+yFFMnAD1QtqlGEklufrZ8DG1g2TsUhuWaNU0LMPGfiSFAf1rGyqrahmVH80/dfWiWTZngMvEykgRZKi7+sT2I5wEJJSYISE6lhlLJ0VcUszIuGAngsQID1CPdBQNUUCEk84eG8MTpfiwG3FVoYQz9fdEigIhRoGnOgMk+2LRm4r/eZ1Edq+clIZxIkmI54u6CYMygtOUoE85wZKNFEGYU3UrxH3EEZYqy4IKwVp8eZk0K2XromzenxdrN1kceXAEjkEJWOAS1MAdqIMGwOAJvIA38K49a6/ah/Y5b81p2cwh+ANt8g2pRZ2j</latexit>

vµi (i = 0, 1, · · · , d; µ = 1, 2, · · · , d)

Edgeベクトル：

<latexit sha1_base64="cNaWDY4/2jI1TrYuCXaNLtjIssw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KlkR9Vj04rGC/ZB2Ldk024Ym2SXJFsrSX+HFgyJe/Tne/Dem7R609cHA470ZZuaFieDGYvztrayurW9sFraK2zu7e/ulg8OGiVNNWZ3GItatkBgmuGJ1y61grUQzIkPBmuHwduo3R0wbHqsHO05YIElf8YhTYp30OHrKOjKddHG3VMYVPANaJn5OypCj1i19dXoxTSVTlgpiTNvHiQ0yoi2ngk2KndSwhNAh6bO2o4pIZoJsdvAEnTqlh6JYu1IWzdTfExmRxoxl6DolsQOz6E3F/7x2aqPrIOMqSS1TdL4oSgWyMZp+j3pcM2rF2BFCNXe3IjogmlDrMiq6EPzFl5dJ47ziX1bw/UW5epPHUYBjOIEz8OEKqnAHNagDBQnP8ApvnvZevHfvY9664uUzR/AH3ucP3PGQcg==</latexit>

vµ0

<latexit sha1_base64="esONQu6mfc827fF+noVxVZXHCy4=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUiyhtnJbDJkHsvMbCAs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHDqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ1vp35zRLVhSj7YcUJDgfuSxYxg66TH0VPWEemkG3RLZb/iz4CWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp5NiJzU0wWSI+7TtqMSCmjCbHTxBp07poVhpV9Kimfp7IsPCmLGIXKfAdmAWvan4n9dObXwdZkwmqaWSzBfFKUdWoen3qMc0JZaPHcFEM3crIgOsMbEuo6ILIVh8eZk0zivBZcW/vyhXb/I4CnAMJ3AGAVxBFe6gBnUgIOAZXuHN096L9+59zFtXvHzmCP7A+/wB3nWQcw==</latexit>

vµ1
<latexit sha1_base64="iYlnpuiSN4cHXR97OaprOgwebiU=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbRD0WvXisYD+kXUs2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CoqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up35rTFVmsXywUwSGgg8kCxiBBsrPY6fsq5Ip71qzy17FW8OtEr8nJQhR73nfnX7MUkFlYZwrHXH9xITZFgZRjidlrqppgkmIzygHUslFlQH2fzgKTqzSh9FsbIlDZqrvycyLLSeiNB2CmyGetmbif95ndRE10HGZJIaKsliUZRyZGI0+x71maLE8IklmChmb0VkiBUmxmZUsiH4yy+vkma14l9WvPuLcu0mj6MIJ3AK5+DDFdTgDurQAAICnuEV3hzlvDjvzseiteDkM8fwB87nD9/5kHQ=</latexit>

vµ2

<latexit sha1_base64="/HYSCxqR8HEKzmPUlQZJ5SQsvGA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9p15JNs21okl2SbKEs/RVePCji1Z/jzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywus381pgqzSL5YCYx9QUeSBYygo2VHsdPaVck0955r1xxq+4MaJl4OalAjnqv/NXtRyQRVBrCsdYdz42Nn2JlGOF0WuommsaYjPCAdiyVWFDtp7ODp+jEKn0URsqWNGim/p5IsdB6IgLbKbAZ6kUvE//zOokJr/2UyTgxVJL5ojDhyEQo+x71maLE8IklmChmb0VkiBUmxmZUsiF4iy8vk+ZZ1busuvcXldpNHkcRjuAYTsGDK6jBHdShAQQEPMMrvDnKeXHenY95a8HJZw7hD5zPH+F9kHU=</latexit>

vµ3

<latexit sha1_base64="+yJVFhu4eBRzz262fvgy1l9br6g=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSatqXVXdOOygn1AE8tkOmmHziRhZiKU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlLOItjXTnPYSSbEIOO0Gk6vc795TqVgc3eppQn2BRxELGcHaSJ5HOb/LPJHOBs6gXEE2qru1Cxci20VOo5qTqusgVIOOjeaogCVag/K7N4xJKmikCcdK9R2UaD/DUjPC6azkpYommEzwiPYNjbCgys/mN8/giVGGMIylqUjDufp9IsNCqakITKfAeqx+e7n4l9dPddjwMxYlqaYRWSwKUw51DPMA4JBJSjSfGoKJZOZWSMZYYqJNTCUTwten8H/SqdpO3UY3Z5Xm5TKOIjgCx+AUOOAcNME1aIE2ICABD+AJPFup9Wi9WK+L1oK1nDkEP2C9fQJpUJHw</latexit>

`µ1
<latexit sha1_base64="jmr0q0mCf3H01XlhpR+IzqH3W0s=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSatqXVXdOOygn1AE8tkOmmHTiZhZiKU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk6vc795TqVgsbvU0oX6ER4KFjGBtJM+jnN9lXpTOBtVBuYJsVHdrFy5EtoucRjUnVddBqAYdG81RAUu0BuV3bxiTNKJCE46V6jso0X6GpWaE01nJSxVNMJngEe0bKnBElZ/Nb57BE6MMYRhLU0LDufp9IsORUtMoMJ0R1mP128vFv7x+qsOGnzGRpJoKslgUphzqGOYBwCGTlGg+NQQTycytkIyxxESbmEomhK9P4f+kU7Wduo1uzirNy2UcRXAEjsEpcMA5aIJr0AJtQEACHsATeLZS69F6sV4XrQVrOXMIfsB6+wRq1JHx</latexit>

`µ2

<latexit sha1_base64="EHek47z7Ajzv1vXt523RH+XCUaI=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSatqXVXdOOygn1AE8tkOmmHziRhZiKU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlLOItjXTnPYSSbEIOO0Gk6vc795TqVgc3eppQn2BRxELGcHaSJ5HOb/LPJHOBrVBuYJsVHdrFy5EtoucRjUnVddBqAYdG81RAUu0BuV3bxiTVNBIE46V6jso0X6GpWaE01nJSxVNMJngEe0bGmFBlZ/Nb57BE6MMYRhLU5GGc/X7RIaFUlMRmE6B9Vj99nLxL6+f6rDhZyxKUk0jslgUphzqGOYBwCGTlGg+NQQTycytkIyxxESbmEomhK9P4f+kU7Wduo1uzirNy2UcRXAEjsEpcMA5aIJr0AJtQEACHsATeLZS69F6sV4XrQVrOXMIfsB6+wRsWJHy</latexit>

`µ3
<latexit sha1_base64="o8ovgD+i4mggap2CInYwHXZS6nk=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyxChVpmRLQIhaIblxXsBTrjkMlk2tDMhSRTKENfxY2v4saFIt2JL2PaDkVbfwh8+c85JOd3Y0aFNIwvbWV1bX1jM7eV397Z3dvXDw6bIko4Jg0csYi3XSQIoyFpSCoZacecoMBlpOX27yb11oBwQaPwUQ5jYgeoG1KfYiSV5egVizD2lFpBMnIQvKnCwfxyPmcDWrCIqmYJWtiLpChB78zRC0bZmAoug5lBAWSqO/rY8iKcBCSUmCEhOqYRSztFXFLMyChvJYLECPdRl3QUhiggwk6nG47gqXI86EdcnVDCqft7IkWBEMPAVZ0Bkj2xWJuY/9U6ifQrdkrDOJEkxLOH/IRBGcFJXNCjnGDJhgoQ5lT9FeIe4ghLFWpehWAurrwMzYuyeVU2Hi4Ltdssjhw4BiegCExwDWrgHtRBA2DwDF7BO/jQXrQ37VMbz1pXtGzmCPyR9v0DDRChhQ==</latexit>

`µa := vµa � vµ0 (a = 1, · · · , d)

σd の内部座標：
<latexit sha1_base64="tpGoeHq/FDZ7fYsMxP6u7EkGwng="></latexit>

xµ(⇠) = ⇠1`µ1 + ⇠2`µ2 + · · ·+ ⇠d`µd
<latexit sha1_base64="DuqKwAr8+94MK/IbcnrxYb+1NyY=">AAACInicbVDLSgMxFM3UV62vUZdugkWoCCUj4gM3RTcuK9gHdMaSyWTa0MyDJCOWod/ixl9x40JRV4IfY2ZaQVsPBA7nnMvNPW7MmVQIfRqFufmFxaXicmlldW19w9zcasooEYQ2SMQj0XaxpJyFtKGY4rQdC4oDl9OWO7jM/NYdFZJF4Y0axtQJcC9kPiNYaalrnlUQtDmF9j27teABtIkXKZkRLXi5ZcFzaEP0k8Jjcb9rllEV5YCzxJqQMpig3jXfbS8iSUBDRTiWsmOhWDkpFooRTkclO5E0xmSAe7SjaYgDKp00P3EE97TiQT8S+oUK5urviRQHUg4DVycDrPpy2svE/7xOovxTJ2VhnCgakvEiP+FQRTDrC3pMUKL4UBNMBNN/haSPBSZKt1rSJVjTJ8+S5mHVOq6i66Ny7WJSRxHsgF1QARY4ATVwBeqgAQh4AE/gBbwaj8az8WZ8jKMFYzKzDf7A+PoG806fng==</latexit>

(0  ⇠1 + · · ·+ ⇠d  1; 0  ⇠a  1)

３次元の例

に埋め込まれたd次元単体（ σd  ）を考える：



に埋め込まれたd次元単体（ σd  ）を考える：

Lorentz型 Regge Calculus [Sorkin, 1975]

<latexit sha1_base64="FoYi2QLIm7v72i+gW9Srpss58Rk=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgQksioi6LblxWsQ9oY5lMJu3QySTMTMQS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45XsyoVLb9bZSWlldW18rrlY3Nre0dc7fallEiMGnhiEWi6yFJGOWkpahipBsLgkKPkY43vs79ziMRkkb8Xk1i4oZoyGlAMVJaGpjVfojUyPPSu+whdY79EycbmDW7bk9hLRKnIDUo0ByYX30/wklIuMIMSdlz7Fi5KRKKYkaySj+RJEZ4jIakpylHIZFuOs2eWYda8a0gEvpxZU3V3xspCqWchJ6ezJPKeS8X//N6iQou3ZTyOFGE49mhIGGWiqy8CMungmDFJpogLKjOauEREggrXVdFl+DMf3mRtE/rznndvj2rNa6KOsqwDwdwBA5cQANuoAktwPAEz/AKb0ZmvBjvxsdstGQUO3vwB8bnD0Idk+0=</latexit>

R1,d�1

頂点の座標：
<latexit sha1_base64="ginN0AVHPw76uEpNfVfFnHAFuZg=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoEGpSRAUpFN24rGAf0MQwmUzboZMHM5NCCf0MN/6KGxeKuO3Ov3HaRtDWAxcO59zLvfd4MaNCmuaXlltZXVvfyG8WtrZ3dvf0/YOmiBKOSQNHLOJtDwnCaEgakkpG2jEnKPAYaXmD26nfGhIuaBQ+yFFMnAD1QtqlGEklufrZ8DG1g2TsUhuWaNU0LMPGfiSFAf1rGyqrahmVH80/dfWiWTZngMvEykgRZKi7+sT2I5wEJJSYISE6lhlLJ0VcUszIuGAngsQID1CPdBQNUUCEk84eG8MTpfiwG3FVoYQz9fdEigIhRoGnOgMk+2LRm4r/eZ1Edq+clIZxIkmI54u6CYMygtOUoE85wZKNFEGYU3UrxH3EEZYqy4IKwVp8eZk0K2XromzenxdrN1kceXAEjkEJWOAS1MAdqIMGwOAJvIA38K49a6/ah/Y5b81p2cwh+ANt8g2pRZ2j</latexit>

vµi (i = 0, 1, · · · , d; µ = 1, 2, · · · , d)

Edgeベクトル：

<latexit sha1_base64="cNaWDY4/2jI1TrYuCXaNLtjIssw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KlkR9Vj04rGC/ZB2Ldk024Ym2SXJFsrSX+HFgyJe/Tne/Dem7R609cHA470ZZuaFieDGYvztrayurW9sFraK2zu7e/ulg8OGiVNNWZ3GItatkBgmuGJ1y61grUQzIkPBmuHwduo3R0wbHqsHO05YIElf8YhTYp30OHrKOjKddHG3VMYVPANaJn5OypCj1i19dXoxTSVTlgpiTNvHiQ0yoi2ngk2KndSwhNAh6bO2o4pIZoJsdvAEnTqlh6JYu1IWzdTfExmRxoxl6DolsQOz6E3F/7x2aqPrIOMqSS1TdL4oSgWyMZp+j3pcM2rF2BFCNXe3IjogmlDrMiq6EPzFl5dJ47ziX1bw/UW5epPHUYBjOIEz8OEKqnAHNagDBQnP8ApvnvZevHfvY9664uUzR/AH3ucP3PGQcg==</latexit>

vµ0

<latexit sha1_base64="esONQu6mfc827fF+noVxVZXHCy4=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUiyhtnJbDJkHsvMbCAs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHDqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ1vp35zRLVhSj7YcUJDgfuSxYxg66TH0VPWEemkG3RLZb/iz4CWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp5NiJzU0wWSI+7TtqMSCmjCbHTxBp07poVhpV9Kimfp7IsPCmLGIXKfAdmAWvan4n9dObXwdZkwmqaWSzBfFKUdWoen3qMc0JZaPHcFEM3crIgOsMbEuo6ILIVh8eZk0zivBZcW/vyhXb/I4CnAMJ3AGAVxBFe6gBnUgIOAZXuHN096L9+59zFtXvHzmCP7A+/wB3nWQcw==</latexit>

vµ1
<latexit sha1_base64="iYlnpuiSN4cHXR97OaprOgwebiU=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbRD0WvXisYD+kXUs2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CoqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up35rTFVmsXywUwSGgg8kCxiBBsrPY6fsq5Ip71qzy17FW8OtEr8nJQhR73nfnX7MUkFlYZwrHXH9xITZFgZRjidlrqppgkmIzygHUslFlQH2fzgKTqzSh9FsbIlDZqrvycyLLSeiNB2CmyGetmbif95ndRE10HGZJIaKsliUZRyZGI0+x71maLE8IklmChmb0VkiBUmxmZUsiH4yy+vkma14l9WvPuLcu0mj6MIJ3AK5+DDFdTgDurQAAICnuEV3hzlvDjvzseiteDkM8fwB87nD9/5kHQ=</latexit>

vµ2

<latexit sha1_base64="/HYSCxqR8HEKzmPUlQZJ5SQsvGA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9p15JNs21okl2SbKEs/RVePCji1Z/jzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywus381pgqzSL5YCYx9QUeSBYygo2VHsdPaVck0955r1xxq+4MaJl4OalAjnqv/NXtRyQRVBrCsdYdz42Nn2JlGOF0WuommsaYjPCAdiyVWFDtp7ODp+jEKn0URsqWNGim/p5IsdB6IgLbKbAZ6kUvE//zOokJr/2UyTgxVJL5ojDhyEQo+x71maLE8IklmChmb0VkiBUmxmZUsiF4iy8vk+ZZ1busuvcXldpNHkcRjuAYTsGDK6jBHdShAQQEPMMrvDnKeXHenY95a8HJZw7hD5zPH+F9kHU=</latexit>

vµ3

<latexit sha1_base64="+yJVFhu4eBRzz262fvgy1l9br6g=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSatqXVXdOOygn1AE8tkOmmHziRhZiKU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlLOItjXTnPYSSbEIOO0Gk6vc795TqVgc3eppQn2BRxELGcHaSJ5HOb/LPJHOBs6gXEE2qru1Cxci20VOo5qTqusgVIOOjeaogCVag/K7N4xJKmikCcdK9R2UaD/DUjPC6azkpYommEzwiPYNjbCgys/mN8/giVGGMIylqUjDufp9IsNCqakITKfAeqx+e7n4l9dPddjwMxYlqaYRWSwKUw51DPMA4JBJSjSfGoKJZOZWSMZYYqJNTCUTwten8H/SqdpO3UY3Z5Xm5TKOIjgCx+AUOOAcNME1aIE2ICABD+AJPFup9Wi9WK+L1oK1nDkEP2C9fQJpUJHw</latexit>

`µ1
<latexit sha1_base64="jmr0q0mCf3H01XlhpR+IzqH3W0s=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSatqXVXdOOygn1AE8tkOmmHTiZhZiKU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk6vc795TqVgsbvU0oX6ER4KFjGBtJM+jnN9lXpTOBtVBuYJsVHdrFy5EtoucRjUnVddBqAYdG81RAUu0BuV3bxiTNKJCE46V6jso0X6GpWaE01nJSxVNMJngEe0bKnBElZ/Nb57BE6MMYRhLU0LDufp9IsORUtMoMJ0R1mP128vFv7x+qsOGnzGRpJoKslgUphzqGOYBwCGTlGg+NQQTycytkIyxxESbmEomhK9P4f+kU7Wduo1uzirNy2UcRXAEjsEpcMA5aIJr0AJtQEACHsATeLZS69F6sV4XrQVrOXMIfsB6+wRq1JHx</latexit>

`µ2

<latexit sha1_base64="EHek47z7Ajzv1vXt523RH+XCUaI=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSatqXVXdOOygn1AE8tkOmmHziRhZiKU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlLOItjXTnPYSSbEIOO0Gk6vc795TqVgc3eppQn2BRxELGcHaSJ5HOb/LPJHOBrVBuYJsVHdrFy5EtoucRjUnVddBqAYdG81RAUu0BuV3bxiTVNBIE46V6jso0X6GpWaE01nJSxVNMJngEe0bGmFBlZ/Nb57BE6MMYRhLU5GGc/X7RIaFUlMRmE6B9Vj99nLxL6+f6rDhZyxKUk0jslgUphzqGOYBwCGTlGg+NQQTycytkIyxxESbmEomhK9P4f+kU7Wduo1uzirNy2UcRXAEjsEpcMA5aIJr0AJtQEACHsATeLZS69F6sV4XrQVrOXMIfsB6+wRsWJHy</latexit>

`µ3
<latexit sha1_base64="o8ovgD+i4mggap2CInYwHXZS6nk=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyxChVpmRLQIhaIblxXsBTrjkMlk2tDMhSRTKENfxY2v4saFIt2JL2PaDkVbfwh8+c85JOd3Y0aFNIwvbWV1bX1jM7eV397Z3dvXDw6bIko4Jg0csYi3XSQIoyFpSCoZacecoMBlpOX27yb11oBwQaPwUQ5jYgeoG1KfYiSV5egVizD2lFpBMnIQvKnCwfxyPmcDWrCIqmYJWtiLpChB78zRC0bZmAoug5lBAWSqO/rY8iKcBCSUmCEhOqYRSztFXFLMyChvJYLECPdRl3QUhiggwk6nG47gqXI86EdcnVDCqft7IkWBEMPAVZ0Bkj2xWJuY/9U6ifQrdkrDOJEkxLOH/IRBGcFJXNCjnGDJhgoQ5lT9FeIe4ghLFWpehWAurrwMzYuyeVU2Hi4Ltdssjhw4BiegCExwDWrgHtRBA2DwDF7BO/jQXrQ37VMbz1pXtGzmCPyR9v0DDRChhQ==</latexit>

`µa := vµa � vµ0 (a = 1, · · · , d)

σd の内部座標：
<latexit sha1_base64="tpGoeHq/FDZ7fYsMxP6u7EkGwng="></latexit>

xµ(⇠) = ⇠1`µ1 + ⇠2`µ2 + · · ·+ ⇠d`µd
<latexit sha1_base64="DuqKwAr8+94MK/IbcnrxYb+1NyY=">AAACInicbVDLSgMxFM3UV62vUZdugkWoCCUj4gM3RTcuK9gHdMaSyWTa0MyDJCOWod/ixl9x40JRV4IfY2ZaQVsPBA7nnMvNPW7MmVQIfRqFufmFxaXicmlldW19w9zcasooEYQ2SMQj0XaxpJyFtKGY4rQdC4oDl9OWO7jM/NYdFZJF4Y0axtQJcC9kPiNYaalrnlUQtDmF9j27teABtIkXKZkRLXi5ZcFzaEP0k8Jjcb9rllEV5YCzxJqQMpig3jXfbS8iSUBDRTiWsmOhWDkpFooRTkclO5E0xmSAe7SjaYgDKp00P3EE97TiQT8S+oUK5urviRQHUg4DVycDrPpy2svE/7xOovxTJ2VhnCgakvEiP+FQRTDrC3pMUKL4UBNMBNN/haSPBSZKt1rSJVjTJ8+S5mHVOq6i66Ny7WJSRxHsgF1QARY4ATVwBeqgAQh4AE/gBbwaj8az8WZ8jKMFYzKzDf7A+PoG806fng==</latexit>

(0  ⇠1 + · · ·+ ⇠d  1; 0  ⇠a  1)

３次元の例

（正の向き付けを持つ）基底ベクトル：
<latexit sha1_base64="e+zL7YeGYNfCBWfhRk7jB2jAwjY="></latexit>

(@/@⇠a)µ :=
@xµ

@⇠a
= `µa

誘導計量テンソル：
<latexit sha1_base64="qs3r2YgskfPyWlZttM5FbPhhkj4="></latexit>

gab = g(@/@⇠a, @/@⇠b) =
@xµ

@⇠a
@x⌫

@⇠b
g(@/@xµ, @/@x⌫) = `µa`

⌫
b⌘µ⌫ =: h`a|`bi

<latexit sha1_base64="o2zOe47b+KIfe5uz4H/FdIkwfqc=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuCqJiLoRim5cVrAXaNIwmUzaoZMLMxOhDNm58VXcuFDEra/gzrdx0mahrT8MfPznHM6c308ZFdKyvo3K0vLK6lp1vbaxubW9Y+7udUSScUzaOGEJ7/lIEEZj0pZUMtJLOUGRz0jXH98U9e4D4YIm8b2cpMSN0DCmIcVIasszDx0FHcLYQDlRlnsK5dDJByoo8MrOPbNuNayp4CLYJdRBqZZnfjlBgrOIxBIzJETftlLpKsQlxYzkNScTJEV4jIakrzFGERGumt6Rw2PtBDBMuH6xhFP394RCkRCTyNedEZIjMV8rzP9q/UyGl66icZpJEuPZojBjUCawCAUGlBMs2UQDwpzqv0I8QhxhqaOr6RDs+ZMXoXPasM8b1t1ZvXldxlEFB+AInAAbXIAmuAUt0AYYPIJn8ArejCfjxXg3PmatFaOc2Qd/ZHz+AEX7mZE=</latexit>

{`µa}da=1

Minkowski計量



（符号付）⾃乗⻑さ：

Lorentz型 Regge Calculus [Sorkin, 1975]

<latexit sha1_base64="Wq0wOWibKlBLl2yf1HHbyQsQW6E=">AAACGXicbZBNS8MwGMfT+TbnW9Wjl+AQvDhaERVBGHrxOMG9wFpKmqVbtjQtSToYdV/Di1/FiwdFPOrJb2PW9TA3H0j48f8/D8nz92NGpbKsH6OwtLyyulZcL21sbm3vmLt7DRklApM6jlgkWj6ShFFO6ooqRlqxICj0GWn6g9uJ3xwSIWnEH9QoJm6IupwGFCOlJc+0pJfS/hheXUOHId5lBA49Ck/03YePMwwdkdmeWbYqVlZwEewcyiCvmmd+OZ0IJyHhCjMkZdu2YuWmSCiKGRmXnESSGOEB6pK2Ro5CIt0022wMj7TSgUEk9OEKZursRIpCKUehrztDpHpy3puI/3ntRAWXbkp5nCjC8fShIGFQRXASE+xQQbBiIw0IC6r/CnEPCYSVDrOkQ7DnV16ExmnFPq9Y92fl6k0eRxEcgENwDGxwAargDtRAHWDwBF7AG3g3no1X48P4nLYWjHxmH/wp4/sXFDieeA==</latexit>

sij := hvi � vj |vi � vji



（符号付）⾃乗⻑さ：

Lorentz型 Regge Calculus [Sorkin, 1975]

<latexit sha1_base64="Wq0wOWibKlBLl2yf1HHbyQsQW6E=">AAACGXicbZBNS8MwGMfT+TbnW9Wjl+AQvDhaERVBGHrxOMG9wFpKmqVbtjQtSToYdV/Di1/FiwdFPOrJb2PW9TA3H0j48f8/D8nz92NGpbKsH6OwtLyyulZcL21sbm3vmLt7DRklApM6jlgkWj6ShFFO6ooqRlqxICj0GWn6g9uJ3xwSIWnEH9QoJm6IupwGFCOlJc+0pJfS/hheXUOHId5lBA49Ck/03YePMwwdkdmeWbYqVlZwEewcyiCvmmd+OZ0IJyHhCjMkZdu2YuWmSCiKGRmXnESSGOEB6pK2Ro5CIt0022wMj7TSgUEk9OEKZursRIpCKUehrztDpHpy3puI/3ntRAWXbkp5nCjC8fShIGFQRXASE+xQQbBiIw0IC6r/CnEPCYSVDrOkQ7DnV16ExmnFPq9Y92fl6k0eRxEcgENwDGxwAargDtRAHWDwBF7AG3g3no1X48P4nLYWjHxmH/wp4/sXFDieeA==</latexit>

sij := hvi � vj |vi � vji

<latexit sha1_base64="k1cyAIlYYqMJkbIWOYoNMnE4Rms=">AAACGnicbVDLSgMxFM3UV62vqks3wSK4KjMi6qZQdOOygm2FThnupLc1NJMZkoxQxn6HG3/FjQtF3Ikb/8b0IWjrgcDhnHO5uSdMBNfGdb+c3MLi0vJKfrWwtr6xuVXc3mnoOFUM6ywWsboJQaPgEuuGG4E3iUKIQoHNsH8x8pt3qDSP5bUZJNiOoCd5lzMwVgqKng4ycIe0Qn0BsieQ+ihEAPT+h/hqoldoz0ZhGBRLbtkdg84Tb0pKZIpaUPzwOzFLI5SGCdC65bmJaWegDGcChwU/1ZgA60MPW5ZKiFC3s/FpQ3pglQ7txso+aehY/T2RQaT1IAptMgJzq2e9kfif10pN96ydcZmkBiWbLOqmgpqYjnqiHa6QGTGwBJji9q+U3YICZmybBVuCN3vyPGkclb2Tsnt1XKqeT+vIkz2yTw6JR05JlVySGqkTRh7IE3khr86j8+y8Oe+TaM6ZzuySP3A+vwE6oJ/B</latexit>

sa0 = h`a|`ai = gaa

<latexit sha1_base64="peVjaljI30viZRXrpPDAkwvV+hE="></latexit>

gab =
1

2
(sa0 + sb0 � sab)

誘導計量は（符号付）⾃乗⻑さの関数となる

<latexit sha1_base64="ix+ZLgjjPYWpj07zW58Gzyzk/YU="></latexit>

sab = h`a � `b|`a � `bi = gaa � 2gab + gbb



d次元単体（ σd  ） の体積について

Lorentz型 Regge Calculus [Sorkin, 1975]

<latexit sha1_base64="59jWADfQ7s5weXLnpsKokvc9v/U="></latexit>

V�d =

Z

D(�d)
dx1dx2 · · · dxd （D(σd)：単体σdの内部領域）

<latexit sha1_base64="N3sXIZQa81ML7kBWeYtcFh2iDn8="></latexit>

= det (`µa)

Z

0⇠1+⇠2+···+⇠d1
d⇠1d⇠2 · · · d⇠d

<latexit sha1_base64="l9vjgwAsSV7ioHZdaWxKq8FPkGs="></latexit>✓
`µa =

@xµ

@⇠a

◆



d次元単体（ σd  ） の体積について

Lorentz型 Regge Calculus [Sorkin, 1975]

<latexit sha1_base64="59jWADfQ7s5weXLnpsKokvc9v/U="></latexit>

V�d =

Z

D(�d)
dx1dx2 · · · dxd （D(σd)：単体σdの内部領域）

<latexit sha1_base64="N3sXIZQa81ML7kBWeYtcFh2iDn8="></latexit>

= det (`µa)

Z

0⇠1+⇠2+···+⇠d1
d⇠1d⇠2 · · · d⇠d

<latexit sha1_base64="bGanc/Xv0ogV+goiOLyriaGRmE0="></latexit>

= det (`µa)

Z 1

0
d⇠1

Z 1�⇠1

0
d⇠2 · · ·

Z 1�⇠1�···�⇠d�1

0
d⇠d

<latexit sha1_base64="l9vjgwAsSV7ioHZdaWxKq8FPkGs="></latexit>✓
`µa =

@xµ

@⇠a

◆



d次元単体（ σd  ） の体積について

Lorentz型 Regge Calculus [Sorkin, 1975]

<latexit sha1_base64="59jWADfQ7s5weXLnpsKokvc9v/U="></latexit>

V�d =

Z

D(�d)
dx1dx2 · · · dxd （D(σd)：単体σdの内部領域）

<latexit sha1_base64="N3sXIZQa81ML7kBWeYtcFh2iDn8="></latexit>

= det (`µa)

Z

0⇠1+⇠2+···+⇠d1
d⇠1d⇠2 · · · d⇠d

<latexit sha1_base64="bGanc/Xv0ogV+goiOLyriaGRmE0="></latexit>

= det (`µa)

Z 1

0
d⇠1

Z 1�⇠1

0
d⇠2 · · ·

Z 1�⇠1�···�⇠d�1

0
d⇠d

<latexit sha1_base64="avKt/NXLIM7K8m/u+THu6QU2BuM=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69rBbBU0lE1ItQ9OKxgv2ANpbNZtMu3WzC7kYpIf/DiwdFvPpfvPlv3LY5aOuDgcd7M8zM8xPOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnktAmiXksOz5WlDNBm5ppTjuJpDjyOW37o5uJ336kUrFY3OtxQr0IDwQLGcHaSA9XqBdKTDI3z4LDvG9XnZozBVokbkGqUKDRt796QUzSiApNOFaq6zqJ9jIsNSOc5pVeqmiCyQgPaNdQgSOqvGx6dY6OjRKgMJamhEZT9fdEhiOlxpFvOiOsh2rem4j/ed1Uh5dexkSSairIbFGYcqRjNIkABUxSovnYEEwkM7ciMsQmBm2CqpgQ3PmXF0nrtOae15y7s2r9uoijDAdwBCfgwgXU4RYa0AQCEp7hFd6sJ+vFerc+Zq0lq5jZhz+wPn8AvY+SBg==</latexit>

=
1

d!

<latexit sha1_base64="Xk1BJzDfpLxFsP/ucCI/kO858to="></latexit>Z x

a
dxn�1

Z xn�1

a
dxn�2 · · ·

Z x1

a
f(x0)dx0 =

1

(n� 1)!

Z x

a
(x� y)n�1f(y)dy

cf. 多重積分に関するCauchyの公式：

<latexit sha1_base64="l9vjgwAsSV7ioHZdaWxKq8FPkGs="></latexit>✓
`µa =

@xµ

@⇠a

◆



d次元単体（ σd  ） の体積について

Lorentz型 Regge Calculus [Sorkin, 1975]

<latexit sha1_base64="59jWADfQ7s5weXLnpsKokvc9v/U="></latexit>

V�d =

Z

D(�d)
dx1dx2 · · · dxd （D(σd)：単体σdの内部領域）

<latexit sha1_base64="N3sXIZQa81ML7kBWeYtcFh2iDn8="></latexit>

= det (`µa)

Z

0⇠1+⇠2+···+⇠d1
d⇠1d⇠2 · · · d⇠d

<latexit sha1_base64="x5etXrg2VBbJhTaO7QwoGLKwcI8=">AAACHnicbVDJSgNBEO1xN25Rj15agxAvYUbcLoroxWMEo4FMDD09NUmTnoXuGiEM8yVe/BUvHhQRPOnf2FkOmvig4PFeFVX1vEQKjbb9bU1Nz8zOzS8sFpaWV1bXiusbtzpOFYcaj2Ws6h7TIEUENRQooZ4oYKEn4c7rXvb9uwdQWsTRDfYSaIasHYlAcIZGahUPT6kbKMYzJ8/87Zy6PiB1JQRYpi5IeZ+5YZq3MmYsJdod3KNn1G4VS3bFHoBOEmdESmSEaqv46foxT0OIkEumdcOxE2xmTKHgEvKCm2pIGO+yNjQMjVgIupkN3svprlF8GsTKVIR0oP6eyFiodS/0TGfIsKPHvb74n9dIMThpZiJKUoSIDxcFqaQY035W1BcKOMqeIYwrYW6lvMNMWmgSLZgQnPGXJ8ntfsU5qtjXB6Xzi1EcC2SL7JAyccgxOSdXpEpqhJNH8kxeyZv1ZL1Y79bHsHXKGs1skj+wvn4AICWhOw==</latexit>

=
1

d!
det (`µa) > 0

<latexit sha1_base64="l9vjgwAsSV7ioHZdaWxKq8FPkGs="></latexit>✓
`µa =

@xµ

@⇠a

◆



d次元単体（ σd  ） の体積について

Lorentz型 Regge Calculus [Sorkin, 1975]

<latexit sha1_base64="59jWADfQ7s5weXLnpsKokvc9v/U="></latexit>

V�d =

Z

D(�d)
dx1dx2 · · · dxd （D(σd)：単体σdの内部領域）

<latexit sha1_base64="N3sXIZQa81ML7kBWeYtcFh2iDn8="></latexit>

= det (`µa)

Z

0⇠1+⇠2+···+⇠d1
d⇠1d⇠2 · · · d⇠d

<latexit sha1_base64="x5etXrg2VBbJhTaO7QwoGLKwcI8=">AAACHnicbVDJSgNBEO1xN25Rj15agxAvYUbcLoroxWMEo4FMDD09NUmTnoXuGiEM8yVe/BUvHhQRPOnf2FkOmvig4PFeFVX1vEQKjbb9bU1Nz8zOzS8sFpaWV1bXiusbtzpOFYcaj2Ws6h7TIEUENRQooZ4oYKEn4c7rXvb9uwdQWsTRDfYSaIasHYlAcIZGahUPT6kbKMYzJ8/87Zy6PiB1JQRYpi5IeZ+5YZq3MmYsJdod3KNn1G4VS3bFHoBOEmdESmSEaqv46foxT0OIkEumdcOxE2xmTKHgEvKCm2pIGO+yNjQMjVgIupkN3svprlF8GsTKVIR0oP6eyFiodS/0TGfIsKPHvb74n9dIMThpZiJKUoSIDxcFqaQY035W1BcKOMqeIYwrYW6lvMNMWmgSLZgQnPGXJ8ntfsU5qtjXB6Xzi1EcC2SL7JAyccgxOSdXpEpqhJNH8kxeyZv1ZL1Y79bHsHXKGs1skj+wvn4AICWhOw==</latexit>

=
1

d!
det (`µa) > 0

<latexit sha1_base64="M+QRKMIR2hoXbHohB2EeqM9aFW0="></latexit>

=
1

d!

q
| det (⌘µ⌫) | det (`µa) det (`⌫b )

<latexit sha1_base64="vp0IKGmdBi/dNMQuBUu24LC+ptQ=">AAACHnicbVDJSgNBEO1xN25Rj15aQyBewoy4XQTRi8cIRoVMCD09NUmTnsXuGiFM5ku8+CtePCgieNK/sbMc1Pig4PFeFVX1vEQKjbb9ZU1Nz8zOzS8sFpaWV1bXiusb1zpOFYc6j2Wsbj2mQYoI6ihQwm2igIWehBuvez7wb+5BaRFHV9hLoBmydiQCwRkaqVU8OKFuoBjPnDzzt3Pq6juFGe27PiB1JQRYoe1WxjxjKdHu4C7t07xVLNlVewg6SZwxKZExaq3ih+vHPA0hQi6Z1g3HTrCZMYWCS8gLbqohYbzL2tAwNGIh6GY2fC+nZaP4NIiVqQjpUP05kbFQ615oTiyHDDv6rzcQ//MaKQbHzUxESYoQ8dGiIJUUYzrIivpCAUfZM4RxJcytlHeYSQtNogUTgvP35UlyvVd1Dqv25X7p9GwcxwLZIjukQhxyRE7JBamROuHkgTyRF/JqPVrP1pv1PmqdssYzm+QXrM9vvPOhnw==</latexit>

=
1

d!

p
| det (gab) |

= 1

体積も（符号付）⾃乗⻑さの関数となる

<latexit sha1_base64="l9vjgwAsSV7ioHZdaWxKq8FPkGs="></latexit>✓
`µa =

@xµ

@⇠a

◆



Lorentz型 Regge Calculus [Sorkin, 1975]

２つのベクトル間の複素⾓：

<latexit sha1_base64="Zg8HgiTr+7aeI1/bbhCPnqBx/5s=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbAroiIIQS8eI5gHJGuYncwmQ2YfzvQqYcl/ePGgiFf/xZt/4yTZgyYWNBRV3XR3ebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxXiNRTJSTY9qLkXIayhQ8masOA08yRve4HrsNx650iIK73AYczegvVD4glE00n1bPyhMj5wRubgkolMs2WV7AjJPnIyUIEO1U/xqdyOWBDxEJqnWLceO0U2pQsEkHxXaieYxZQPa4y1DQxpw7aaTq0fkwChd4kfKVIhkov6eSGmg9TDwTGdAsa9nvbH4n9dK0D93UxHGCfKQTRf5iSQYkXEEpCsUZyiHhlCmhLmVsD5VlKEJqmBCcGZfnif147JzWrZvT0qVqyyOPOzBPhyCA2dQgRuoQg0YKHiGV3iznqwX6936mLbmrGxmF/7A+vwBMQuRpw==</latexit>p
�1 := i

<latexit sha1_base64="QfheIUGf981RmOxAUCIkiVbWPFE=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAIghB2RdSLEPTiMYJ5QDaE2clsMmT2wUyvENYc/BUvHhTx6m9482+cJHvQxIKGmqpuprv8RAqNjvNtLSwuLa+sFtaK6xubW9v2zm5dx6livMZiGaumTzWXIuI1FCh5M1Gchr7kDX9wM/YbD1xpEUf3OEx4O6S9SASCUTRSx973sM+RkiviJVqQEyKIZ94du+SUnQnIPHFzUoIc1Y795XVjloY8Qiap1i3XSbCdUYWCST4qeqnmCWUD2uMtQyMact3OJvuPyJFRuiSIlakIyUT9PZHRUOth6JvOkGJfz3pj8T+vlWJw2c5ElKTIIzb9KEglwZiMwyBdoThDOTSEMiXMroT1qaIMTWRFE4I7e/I8qZ+W3fOyc3dWqlzncRTgAA7hGFy4gArcQhVqwOARnuEV3qwn68V6tz6mrQtWPrMHf2B9/gDO3pSt</latexit>

✓ =  + i⌘

ただし,

<latexit sha1_base64="fFrfploXY8O+nxju76sLeQVsocI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VooZRERF0W3bisYh+QhDKZTtqhk0mYmQgl9Bvc+CtuXCji1pU7/8ZJmoW2HrhwOOde7r3HjxmVyrK+jdLK6tr6RnmzsrW9s7tn7h90ZZQITDo4YpHo+0gSRjnpKKoY6ceCoNBnpOdPrjO/90CEpBG/V9OYeCEacRpQjJSWBma95hKFoEs5dEOkxr6f3s0a0IVuLGkuO1bDjalXH5hVq2nlgMvELkgVFGgPzC93GOEkJFxhhqR0bCtWXoqEopiRWcVNJIkRnqARcTTlKCTSS/OXZvBEK0MYREIXVzBXf0+kKJRyGvq6MztbLnqZ+J/nJCq49FLK40QRjueLgoRBFcEsHzikgmDFppogLKi+FeIxEggrnWJFh2AvvrxMuqdN+7xp3Z5VW1dFHGVwBI5BDdjgArTADWiDDsDgETyDV/BmPBkvxrvxMW8tGcXMIfgD4/MHK9mb5A==</latexit>

(⌘ 2 R,  2 [0,⇡])

加法性が成⽴する：
<latexit sha1_base64="OMl6rcmYLre2U2safxPqKZJmHvk=">AAACE3icbVDLSgMxFM34rPU16tJNsAitSpkRUTdC0Y3LCvYB7VAyaaYNzWSG5I5QSv/Bjb/ixoUibt24829M28FH64HAuefcy809fiy4Bsf5tObmFxaXljMr2dW19Y1Ne2u7qqNEUVahkYhU3SeaCS5ZBTgIVo8VI6EvWM3vXY382h1TmkfyFvox80LSkTzglICRWvZBE7oMCM6TI1rAF/in9Av48Lv0jduyc07RGQPPEjclOZSi3LI/mu2IJiGTQAXRuuE6MXgDooBTwYbZZqJZTGiPdFjDUElCpr3B+KYh3jdKGweRMk8CHqu/JwYk1Lof+qYzJNDV095I/M9rJBCcewMu4wSYpJNFQSIwRHgUEG5zxSiIviGEKm7+immXKELBxJg1IbjTJ8+S6nHRPS06Nye50mUaRwbtoj2URy46QyV0jcqogii6R4/oGb1YD9aT9Wq9TVrnrHRmB/2B9f4FZyiatQ==</latexit>

✓(a, c) = ✓(a, b) + ✓(b, c)

<latexit sha1_base64="L0gTtN1Bzciu8+Yq0y8g5gh+t4M="></latexit>

cos ✓(a, b) =
ha|bip

ha|ai
p
hb|bi

<latexit sha1_base64="r+U1Q+fiqVcFLmqdAC33BPSWmEc="></latexit>

sin ✓(a, b) =

p
ha|aihb|bi � ha|bi2p

ha|ai
p

hb|bi

<latexit sha1_base64="FJvDnObhvlYipgxTQ6805gKAoYw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUASQ+9kNhkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41ZXUai1i3QjRMcMXqllvBWolmKEPBmuHoduo3n5g2PFYPdpywrsSB4hGnaJ3UxMesI9NJr1T2K/4MZJkEOSlDjlqv9NXpxzSVTFkq0Jh24Ce2m6G2nAo2KXZSwxKkIxywtqMKJTPdbHbuhJw6pU+iWLtSlszU3xMZSmPGMnSdEu3QLHpT8T+vndrouptxlaSWKTpfFKWC2JhMfyd9rhm1YuwIUs3drYQOUSO1LqGiCyFYfHmZNM4rwWXFv78oV2/yOApwDCdwBgFcQRXuoAZ1oDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD5N/j7o=</latexit>

aµ

<latexit sha1_base64="c2/uVvZ+fo+LcVK00DXisE7DlPc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUASw+xkNhkyM7vM9AphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFiRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNG6eG8TqLZWxaIbVcCs3rKFDyVmI4VaHkzXB0O/WbT9xYEesHHCe8q+hAi0gwik5qho9ZR6WTXqnsV/wZyDIJclKGHLVe6avTj1mquEYmqbXtwE+wm1GDgkk+KXZSyxPKRnTA245qqrjtZrNzJ+TUKX0SxcaVRjJTf09kVFk7VqHrVBSHdtGbiv957RSj624mdJIi12y+KEolwZhMfyd9YThDOXaEMiPcrYQNqaEMXUJFF0Kw+PIyaZxXgsuKf39Rrt7kcRTgGE7gDAK4gircQQ3qwGAEz/AKb17ivXjv3se8dcXLZ47gD7zPH5UJj7s=</latexit>

bµ
<latexit sha1_base64="/LLFiAgYKO55tZakb8JS8+skL1g=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5up37zCbXhsXqw4wS7kg4Ujzij1klN9ph1ZDrplcp+xZ+BLJMgJ2XIUeuVvjr9mKUSlWWCGtMO/MR2M6otZwInxU5qMKFsRAfYdlRRiaabzc6dkFOn9EkUa1fKkpn6eyKj0pixDF2npHZoFr2p+J/XTm103c24SlKLis0XRakgNibT30mfa2RWjB2hTHN3K2FDqimzLqGiCyFYfHmZNM4rwWXFv78oV2/yOApwDCdwBgFcQRXuoAZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD5aTj7w=</latexit>

cµ

ψとηは次の式から求められる：
<latexit sha1_base64="mXZHBT87q6RoaNVxmB0no86FuBM="></latexit>

cos ✓ = cosh ⌘ cos � i sinh ⌘ sin ,

sin ✓ = cosh ⌘ sin + i sinh ⌘ cos 

複素⾓も（符号付）⾃乗⻑さの関数となる



Lorentz型 Regge Calculus [Sorkin, 1975]

２つのベクトル間の複素⾓：
<latexit sha1_base64="QfheIUGf981RmOxAUCIkiVbWPFE=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAIghB2RdSLEPTiMYJ5QDaE2clsMmT2wUyvENYc/BUvHhTx6m9482+cJHvQxIKGmqpuprv8RAqNjvNtLSwuLa+sFtaK6xubW9v2zm5dx6livMZiGaumTzWXIuI1FCh5M1Gchr7kDX9wM/YbD1xpEUf3OEx4O6S9SASCUTRSx973sM+RkiviJVqQEyKIZ94du+SUnQnIPHFzUoIc1Y795XVjloY8Qiap1i3XSbCdUYWCST4qeqnmCWUD2uMtQyMact3OJvuPyJFRuiSIlakIyUT9PZHRUOth6JvOkGJfz3pj8T+vlWJw2c5ElKTIIzb9KEglwZiMwyBdoThDOTSEMiXMroT1qaIMTWRFE4I7e/I8qZ+W3fOyc3dWqlzncRTgAA7hGFy4gArcQhVqwOARnuEV3qwn68V6tz6mrQtWPrMHf2B9/gDO3pSt</latexit>

✓ =  + i⌘
<latexit sha1_base64="fFrfploXY8O+nxju76sLeQVsocI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VooZRERF0W3bisYh+QhDKZTtqhk0mYmQgl9Bvc+CtuXCji1pU7/8ZJmoW2HrhwOOde7r3HjxmVyrK+jdLK6tr6RnmzsrW9s7tn7h90ZZQITDo4YpHo+0gSRjnpKKoY6ceCoNBnpOdPrjO/90CEpBG/V9OYeCEacRpQjJSWBma95hKFoEs5dEOkxr6f3s0a0IVuLGkuO1bDjalXH5hVq2nlgMvELkgVFGgPzC93GOEkJFxhhqR0bCtWXoqEopiRWcVNJIkRnqARcTTlKCTSS/OXZvBEK0MYREIXVzBXf0+kKJRyGvq6MztbLnqZ+J/nJCq49FLK40QRjueLgoRBFcEsHzikgmDFppogLKi+FeIxEggrnWJFh2AvvrxMuqdN+7xp3Z5VW1dFHGVwBI5BDdjgArTADWiDDsDgETyDV/BmPBkvxrvxMW8tGcXMIfgD4/MHK9mb5A==</latexit>

(⌘ 2 R,  2 [0,⇡])
<latexit sha1_base64="Pr5aPgXpcw4NaU2PSo9hhymmHUg=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4c+M/Q==</latexit>

t

<latexit sha1_base64="ERh0C4i9tpPdHazPxTyqV7q4prk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD59+NAQ==</latexit>x
<latexit sha1_base64="xsteb71NuWQ6gZCVTfkju4CGqxY=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJeyKqMegF71FMA9MQpid9CZDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+4uP5bCoOt+O0vLK6tr67mN/ObW9s5uYW+/bqJEc6jxSEa66TMDUiiooUAJzVgDC30JDX94PfEbj6CNiNQ9jmLohKyvRCA4Qys9tBGeMC3dnoy7haJbdqegi8TLSJFkqHYLX+1exJMQFHLJjGl5boydlGkUXMI4304MxIwPWR9alioWgumk04vH9NgqPRpE2pZCOlV/T6QsNGYU+rYzZDgw895E/M9rJRhcdlKh4gRB8dmiIJEUIzp5n/aEBo5yZAnjWthbKR8wzTjakPI2BG/+5UVSPy1752X37qxYucriyJFDckRKxCMXpEJuSJXUCCeKPJNX8uYY58V5dz5mrUtONnNA/sD5/AEr0pCW</latexit>

(I)

<latexit sha1_base64="sSnyhsYs2hJ2E8UBbu61ugyc+g0=">AAACA3icbVDLSgNBEJyNrxhfq970shiEeHDZDaIeg17MLYJ5QBLC7KSTDJl9MNMrhiXgxV/x4kERr/6EN//GSbIHTSxoKKq66e7yIsEVOs63kVlaXlldy67nNja3tnfM3b2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe8PriV+/B6l4GNzhKIK2T/sB73FGUUsd86CF8IBJodwaqIgySE5duxjhuHwy7ph5x3amsBaJm5I8SVHpmF+tbshiHwJkgirVdJ0I2wmVyJmAca4VK9A7hrQPTU0D6oNqJ9MfxtaxVrpWL5S6ArSm6u+JhPpKjXxPd/oUB2rem4j/ec0Ye5fthAdRjBCw2aJeLCwMrUkgVpdLYChGmlAmub7VYgMqKUMdW06H4M6/vEhqRds9t53bs3zpKo0jSw7JESkQl1yQErkhFVIljDySZ/JK3own48V4Nz5mrRkjndknf2B8/gABv5ca</latexit>

(II)

<latexit sha1_base64="iSVYmjhMycR1BMVtsAvJtcBYgUw=">AAACE3icbVDJSgNBEO1xjXEb9eilMQhRMMwEUY9BL3qLYBZIQujpVJImPQvdNWIY5h+8+CtePCji1Ys3/8bOctDEBw2v3quiup4XSaHRcb6thcWl5ZXVzFp2fWNza9ve2a3qMFYcKjyUoap7TIMUAVRQoIR6pID5noSaN7ga+bV7UFqEwR0OI2j5rBeIruAMjdS2j5sID5jkb5p9HTEOyYlbKEaYztVHadvOOQVnDDpP3CnJkSnKbfur2Ql57EOAXDKtG64TYSthCgWXkGabsQazY8B60DA0YD7oVjK+KaWHRunQbqjMC5CO1d8TCfO1Hvqe6fQZ9vWsNxL/8xoxdi9aiQiiGCHgk0XdWFIM6Sgg2hEKOMqhIYwrYf5KeZ8pxtHEmDUhuLMnz5NqseCeFZzb01zpchpHhuyTA5InLjknJXJNyqRCOHkkz+SVvFlP1ov1bn1MWhes6cwe+QPr8we9s51t</latexit>

(III)

<latexit sha1_base64="4OiSmqKFdx+nn9/PKLnOrEQmxlQ=">AAACA3icbVDLSgNBEJyNrxhfq970shiEeDDsBlGPQS96i2AekIQwO+kkQ2Znl5leMSwLXvwVLx4U8epPePNvnDwOGi1oKKq66e7yI8E1uu6XlVlYXFpeya7m1tY3Nrfs7Z2aDmPFoMpCEaqGTzUILqGKHAU0IgU08AXU/eHl2K/fgdI8lLc4iqAd0L7kPc4oGqlj77UQ7jEpXLcGOqIMkmOvWIowrR2lHTvvFt0JnL/Em5E8maHSsT9b3ZDFAUhkgmrd9NwI2wlVyJmANNeKNZgdQ9qHpqGSBqDbyeSH1Dk0StfphcqURGei/pxIaKD1KPBNZ0BxoOe9sfif14yxd95OuIxiBMmmi3qxcDB0xoE4Xa6AoRgZQpni5laHDaiiDE1sOROCN//yX1IrFb3Tontzki9fzOLIkn1yQArEI2ekTK5IhVQJIw/kibyQV+vRerberPdpa8aazeySX7A+vgEVjZcn</latexit>

(IV)

<latexit sha1_base64="FJvDnObhvlYipgxTQ6805gKAoYw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUASQ+9kNhkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41ZXUai1i3QjRMcMXqllvBWolmKEPBmuHoduo3n5g2PFYPdpywrsSB4hGnaJ3UxMesI9NJr1T2K/4MZJkEOSlDjlqv9NXpxzSVTFkq0Jh24Ce2m6G2nAo2KXZSwxKkIxywtqMKJTPdbHbuhJw6pU+iWLtSlszU3xMZSmPGMnSdEu3QLHpT8T+vndrouptxlaSWKTpfFKWC2JhMfyd9rhm1YuwIUs3drYQOUSO1LqGiCyFYfHmZNM4rwWXFv78oV2/yOApwDCdwBgFcQRXuoAZ1oDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD5N/j7o=</latexit>

aµ

<latexit sha1_base64="c2/uVvZ+fo+LcVK00DXisE7DlPc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUASw+xkNhkyM7vM9AphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFiRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNG6eG8TqLZWxaIbVcCs3rKFDyVmI4VaHkzXB0O/WbT9xYEesHHCe8q+hAi0gwik5qho9ZR6WTXqnsV/wZyDIJclKGHLVe6avTj1mquEYmqbXtwE+wm1GDgkk+KXZSyxPKRnTA245qqrjtZrNzJ+TUKX0SxcaVRjJTf09kVFk7VqHrVBSHdtGbiv957RSj624mdJIi12y+KEolwZhMfyd9YThDOXaEMiPcrYQNqaEMXUJFF0Kw+PIyaZxXgsuKf39Rrt7kcRTgGE7gDAK4gircQQ3qwGAEz/AKb17ivXjv3se8dcXLZ47gD7zPH5UJj7s=</latexit>

bµ

<latexit sha1_base64="mo6vDBKRaBI50eUBOQdNrHkLz88=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJUkJKIqMeiF48V7Ac0oWy2m3bpZhN2J0Ip/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNEmmGW+wRCa6HVLDpVC8gQIlb6ea0ziUvBUO76Z+64lrIxL1iKOUBzHtKxEJRtFKvo8DjpRU6Hl41i2V3ao7A1kmXk7KkKPeLX35vYRlMVfIJDWm47kpBmOqUTDJJ0U/MzylbEj7vGOpojE3wXh284ScWqVHokTbUkhm6u+JMY2NGcWh7YwpDsyiNxX/8zoZRjfBWKg0Q67YfFGUSYIJmQZAekJzhnJkCWVa2FsJG1BNGdqYijYEb/HlZdK8qHpXVffhsly7zeMowDGcQAU8uIYa3EMdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w+qxZDJ</latexit>

✓(a, b)

(１) ２ベクトル間に光線がないとき
<latexit sha1_base64="P/YvCzyPWKuIrxJeiyvn4C+5f+c=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXJVERN0IRTcuK9gLNKFMpift0MmFmROhhj6JGxeKuPVR3Pk2TtsstPWHgY//nMM58wepFBod59taWV1b39gsbZW3d3b3Kvb+QUsnmeLQ5IlMVCdgGqSIoYkCJXRSBSwKJLSD0e203n4EpUUSP+A4BT9ig1iEgjM0Vs+ueDgEZPSaCuoZ6NlVp+bMRJfBLaBKCjV69pfXT3gWQYxcMq27rpOinzOFgkuYlL1MQ8r4iA2gazBmEWg/nx0+oSfG6dMwUebFSGfu74mcRVqPo8B0RgyHerE2Nf+rdTMMr/xcxGmGEPP5ojCTFBM6TYH2hQKOcmyAcSXMrZQPmWIcTVZlE4K7+OVlaJ3V3Iuac39erd8UcZTIETkmp8Qll6RO7kiDNAknGXkmr+TNerJerHfrY966YhUzh+SPrM8ffQ6SVA==</latexit>

✓ = i⌘
<latexit sha1_base64="7tRln5/bj6E/cWw7b3u/Cca5Iqg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvXisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVA44T7kd0oEQoGEUrtbscKbkmbq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZvRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmT5P+kJzhnJsCWVa2FsJG1JNGdqISjYEb/HlZdI8q3oXVff+vFK7yeMowhEcwyl4cAk1uIM6NICBhGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+tV48T</latexit>

⌘ > 0
<latexit sha1_base64="bJeIWH6fsEc3UDEP0uZ7QS2QK48=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiaGMZwXxAcoS9zV6yZG/v3J0TwpE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrdTv/XEtRGxesBxwv2IDpQIBaNopXaXIyXXxO2VK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEyaZ1Xvouren1dqN3kcRTiCYzgFDy6hBndQhwYwkPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDqkuPEQ==</latexit>

⌘ < 0
(I) または (III)にいるとき：

(II) または (IV)にいるとき：



Lorentz型 Regge Calculus [Sorkin, 1975]

２つのベクトル間の複素⾓：
<latexit sha1_base64="QfheIUGf981RmOxAUCIkiVbWPFE=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAIghB2RdSLEPTiMYJ5QDaE2clsMmT2wUyvENYc/BUvHhTx6m9482+cJHvQxIKGmqpuprv8RAqNjvNtLSwuLa+sFtaK6xubW9v2zm5dx6livMZiGaumTzWXIuI1FCh5M1Gchr7kDX9wM/YbD1xpEUf3OEx4O6S9SASCUTRSx973sM+RkiviJVqQEyKIZ94du+SUnQnIPHFzUoIc1Y795XVjloY8Qiap1i3XSbCdUYWCST4qeqnmCWUD2uMtQyMact3OJvuPyJFRuiSIlakIyUT9PZHRUOth6JvOkGJfz3pj8T+vlWJw2c5ElKTIIzb9KEglwZiMwyBdoThDOTSEMiXMroT1qaIMTWRFE4I7e/I8qZ+W3fOyc3dWqlzncRTgAA7hGFy4gArcQhVqwOARnuEV3qwn68V6tz6mrQtWPrMHf2B9/gDO3pSt</latexit>

✓ =  + i⌘
<latexit sha1_base64="fFrfploXY8O+nxju76sLeQVsocI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VooZRERF0W3bisYh+QhDKZTtqhk0mYmQgl9Bvc+CtuXCji1pU7/8ZJmoW2HrhwOOde7r3HjxmVyrK+jdLK6tr6RnmzsrW9s7tn7h90ZZQITDo4YpHo+0gSRjnpKKoY6ceCoNBnpOdPrjO/90CEpBG/V9OYeCEacRpQjJSWBma95hKFoEs5dEOkxr6f3s0a0IVuLGkuO1bDjalXH5hVq2nlgMvELkgVFGgPzC93GOEkJFxhhqR0bCtWXoqEopiRWcVNJIkRnqARcTTlKCTSS/OXZvBEK0MYREIXVzBXf0+kKJRyGvq6MztbLnqZ+J/nJCq49FLK40QRjueLgoRBFcEsHzikgmDFppogLKi+FeIxEggrnWJFh2AvvrxMuqdN+7xp3Z5VW1dFHGVwBI5BDdjgArTADWiDDsDgETyDV/BmPBkvxrvxMW8tGcXMIfgD4/MHK9mb5A==</latexit>

(⌘ 2 R,  2 [0,⇡])
<latexit sha1_base64="Pr5aPgXpcw4NaU2PSo9hhymmHUg=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4c+M/Q==</latexit>

t

<latexit sha1_base64="ERh0C4i9tpPdHazPxTyqV7q4prk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD59+NAQ==</latexit>x
<latexit sha1_base64="xsteb71NuWQ6gZCVTfkju4CGqxY=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJeyKqMegF71FMA9MQpid9CZDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+4uP5bCoOt+O0vLK6tr67mN/ObW9s5uYW+/bqJEc6jxSEa66TMDUiiooUAJzVgDC30JDX94PfEbj6CNiNQ9jmLohKyvRCA4Qys9tBGeMC3dnoy7haJbdqegi8TLSJFkqHYLX+1exJMQFHLJjGl5boydlGkUXMI4304MxIwPWR9alioWgumk04vH9NgqPRpE2pZCOlV/T6QsNGYU+rYzZDgw895E/M9rJRhcdlKh4gRB8dmiIJEUIzp5n/aEBo5yZAnjWthbKR8wzTjakPI2BG/+5UVSPy1752X37qxYucriyJFDckRKxCMXpEJuSJXUCCeKPJNX8uYY58V5dz5mrUtONnNA/sD5/AEr0pCW</latexit>

(I)

<latexit sha1_base64="sSnyhsYs2hJ2E8UBbu61ugyc+g0=">AAACA3icbVDLSgNBEJyNrxhfq970shiEeHDZDaIeg17MLYJ5QBLC7KSTDJl9MNMrhiXgxV/x4kERr/6EN//GSbIHTSxoKKq66e7yIsEVOs63kVlaXlldy67nNja3tnfM3b2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe8PriV+/B6l4GNzhKIK2T/sB73FGUUsd86CF8IBJodwaqIgySE5duxjhuHwy7ph5x3amsBaJm5I8SVHpmF+tbshiHwJkgirVdJ0I2wmVyJmAca4VK9A7hrQPTU0D6oNqJ9MfxtaxVrpWL5S6ArSm6u+JhPpKjXxPd/oUB2rem4j/ec0Ye5fthAdRjBCw2aJeLCwMrUkgVpdLYChGmlAmub7VYgMqKUMdW06H4M6/vEhqRds9t53bs3zpKo0jSw7JESkQl1yQErkhFVIljDySZ/JK3own48V4Nz5mrRkjndknf2B8/gABv5ca</latexit>

(II)

<latexit sha1_base64="iSVYmjhMycR1BMVtsAvJtcBYgUw=">AAACE3icbVDJSgNBEO1xjXEb9eilMQhRMMwEUY9BL3qLYBZIQujpVJImPQvdNWIY5h+8+CtePCji1Ys3/8bOctDEBw2v3quiup4XSaHRcb6thcWl5ZXVzFp2fWNza9ve2a3qMFYcKjyUoap7TIMUAVRQoIR6pID5noSaN7ga+bV7UFqEwR0OI2j5rBeIruAMjdS2j5sID5jkb5p9HTEOyYlbKEaYztVHadvOOQVnDDpP3CnJkSnKbfur2Ql57EOAXDKtG64TYSthCgWXkGabsQazY8B60DA0YD7oVjK+KaWHRunQbqjMC5CO1d8TCfO1Hvqe6fQZ9vWsNxL/8xoxdi9aiQiiGCHgk0XdWFIM6Sgg2hEKOMqhIYwrYf5KeZ8pxtHEmDUhuLMnz5NqseCeFZzb01zpchpHhuyTA5InLjknJXJNyqRCOHkkz+SVvFlP1ov1bn1MWhes6cwe+QPr8we9s51t</latexit>

(III)

<latexit sha1_base64="4OiSmqKFdx+nn9/PKLnOrEQmxlQ=">AAACA3icbVDLSgNBEJyNrxhfq970shiEeDDsBlGPQS96i2AekIQwO+kkQ2Znl5leMSwLXvwVLx4U8epPePNvnDwOGi1oKKq66e7yI8E1uu6XlVlYXFpeya7m1tY3Nrfs7Z2aDmPFoMpCEaqGTzUILqGKHAU0IgU08AXU/eHl2K/fgdI8lLc4iqAd0L7kPc4oGqlj77UQ7jEpXLcGOqIMkmOvWIowrR2lHTvvFt0JnL/Em5E8maHSsT9b3ZDFAUhkgmrd9NwI2wlVyJmANNeKNZgdQ9qHpqGSBqDbyeSH1Dk0StfphcqURGei/pxIaKD1KPBNZ0BxoOe9sfif14yxd95OuIxiBMmmi3qxcDB0xoE4Xa6AoRgZQpni5laHDaiiDE1sOROCN//yX1IrFb3Tontzki9fzOLIkn1yQArEI2ekTK5IhVQJIw/kibyQV+vRerberPdpa8aazeySX7A+vgEVjZcn</latexit>

(IV)

<latexit sha1_base64="FJvDnObhvlYipgxTQ6805gKAoYw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUASQ+9kNhkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41ZXUai1i3QjRMcMXqllvBWolmKEPBmuHoduo3n5g2PFYPdpywrsSB4hGnaJ3UxMesI9NJr1T2K/4MZJkEOSlDjlqv9NXpxzSVTFkq0Jh24Ce2m6G2nAo2KXZSwxKkIxywtqMKJTPdbHbuhJw6pU+iWLtSlszU3xMZSmPGMnSdEu3QLHpT8T+vndrouptxlaSWKTpfFKWC2JhMfyd9rhm1YuwIUs3drYQOUSO1LqGiCyFYfHmZNM4rwWXFv78oV2/yOApwDCdwBgFcQRXuoAZ1oDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD5N/j7o=</latexit>

aµ

<latexit sha1_base64="c2/uVvZ+fo+LcVK00DXisE7DlPc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUASw+xkNhkyM7vM9AphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFiRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNG6eG8TqLZWxaIbVcCs3rKFDyVmI4VaHkzXB0O/WbT9xYEesHHCe8q+hAi0gwik5qho9ZR6WTXqnsV/wZyDIJclKGHLVe6avTj1mquEYmqbXtwE+wm1GDgkk+KXZSyxPKRnTA245qqrjtZrNzJ+TUKX0SxcaVRjJTf09kVFk7VqHrVBSHdtGbiv957RSj624mdJIi12y+KEolwZhMfyd9YThDOXaEMiPcrYQNqaEMXUJFF0Kw+PIyaZxXgsuKf39Rrt7kcRTgGE7gDAK4gircQQ3qwGAEz/AKb17ivXjv3se8dcXLZ47gD7zPH5UJj7s=</latexit>

bµ
(１) ２ベクトル間に光線がないとき

<latexit sha1_base64="7tRln5/bj6E/cWw7b3u/Cca5Iqg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvXisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVA44T7kd0oEQoGEUrtbscKbkmbq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZvRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmT5P+kJzhnJsCWVa2FsJG1JNGdqISjYEb/HlZdI8q3oXVff+vFK7yeMowhEcwyl4cAk1uIM6NICBhGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+tV48T</latexit>

⌘ > 0(I) または (III)にいるとき：

(II) または (IV)にいるとき：

(２) ２ベクトル間に光線があるとき

<latexit sha1_base64="/LLFiAgYKO55tZakb8JS8+skL1g=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5up37zCbXhsXqw4wS7kg4Ujzij1klN9ph1ZDrplcp+xZ+BLJMgJ2XIUeuVvjr9mKUSlWWCGtMO/MR2M6otZwInxU5qMKFsRAfYdlRRiaabzc6dkFOn9EkUa1fKkpn6eyKj0pixDF2npHZoFr2p+J/XTm103c24SlKLis0XRakgNibT30mfa2RWjB2hTHN3K2FDqimzLqGiCyFYfHmZNM4rwWXFv78oV2/yOApwDCdwBgFcQRXuoAZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD5aTj7w=</latexit>

cµ

<latexit sha1_base64="PkjNmPqhg3UNHm+oXwCTrbNUZ78=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6rHoxWMF+wHtWrLZbBuaZEOSFcrSH+HFgyJe/T3e/Dem7R609cHA470ZZuZFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7ETaUM0mblllOO0pTLCJO29Hoduq3n6g2LJUPdqxoKPBAsoQRbJ3Ujh/znsgm/UrVr/kzoGUSFKQKBRr9ylcvTkkmqLSEY2O6ga9smGNtGeF0Uu5lhipMRnhAu45KLKgJ89m5E3TqlBglqXYlLZqpvydyLIwZi8h1CmyHZtGbiv953cwm12HOpMoslWS+KMk4sima/o5ipimxfOwIJpq5WxEZYo2JdQmVXQjB4svLpHVeCy5r/v1FtX5TxFGCYziBMwjgCupwBw1oAoERPMMrvHnKe/HevY9564pXzBzBH3ifP5gdj70=</latexit>

dµ
<latexit sha1_base64="32Pw4hrPdZb20Ia46qLe8IkOkYs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQUUpSRN0IRTcuK9gHNKFMppN26OTBzI1QQr7Ajb/ixoUibl2782+ctllo9cCFwzn3cu89Xiy4Asv6MgpLyyura8X10sbm1vaOubvXVlEiKWvRSESy6xHFBA9ZCzgI1o0lI4EnWMcbX0/9zj2TikfhHUxi5gZkGHKfUwJa6psVB0YMCK6SE+8IX2LHl4SmTsyztJ7hY8yxo+2+WbZq1gz4L7FzUkY5mn3z0xlENAlYCFQQpXq2FYObEgmcCpaVnESxmNAxGbKepiEJmHLT2TsZrmhlgP1I6goBz9SfEykJlJoEnu4MCIzUojcV//N6CfgXbsrDOAEW0vkiPxEYIjzNBg+4ZBTERBNCJde3YjoiOhDQCZZ0CPbiy39Ju16zz2rW7Wm5cZXHUUQH6BBVkY3OUQPdoCZqIYoe0BN6Qa/Go/FsvBnv89aCkc/so18wPr4BKTuaSg==</latexit>

✓(a, b) =
⇡

2
+ i⌘

<latexit sha1_base64="J9kdPUZoumACs7H3YMSD2hovuoY=">AAACBXicbVBNS8NAEN34WetX1KMeFotYUUoiol6EohePFewHNKFsttt26WYTdidCCb148a948aCIV/+DN/+N2zYHbX0w8Hhvhpl5QSy4Bsf5tubmFxaXlnMr+dW19Y1Ne2u7pqNEUValkYhUIyCaCS5ZFTgI1ogVI2EgWD3o34z8+gNTmkfyHgYx80PSlbzDKQEjtew9D3oMCC6SE3qEr7AXc3yMOfaMeNiyC07JGQPPEjcjBZSh0rK/vHZEk5BJoIJo3XSdGPyUKOBUsGHeSzSLCe2TLmsaKknItJ+OvxjiA6O0cSdSpiTgsfp7IiWh1oMwMJ0hgZ6e9kbif14zgc6ln3IZJ8AknSzqJAJDhEeR4DZXjIIYGEKo4uZWTHtEEQomuLwJwZ1+eZbUTkvuecm5OyuUr7M4cmgX7aMictEFKqNbVEFVRNEjekav6M16sl6sd+tj0jpnZTM76A+szx94WpX+</latexit>

✓(a, c) = ⇡ + i⌘0

(光線１本)

(光線２本)

<latexit sha1_base64="P/YvCzyPWKuIrxJeiyvn4C+5f+c=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXJVERN0IRTcuK9gLNKFMpift0MmFmROhhj6JGxeKuPVR3Pk2TtsstPWHgY//nMM58wepFBod59taWV1b39gsbZW3d3b3Kvb+QUsnmeLQ5IlMVCdgGqSIoYkCJXRSBSwKJLSD0e203n4EpUUSP+A4BT9ig1iEgjM0Vs+ueDgEZPSaCuoZ6NlVp+bMRJfBLaBKCjV69pfXT3gWQYxcMq27rpOinzOFgkuYlL1MQ8r4iA2gazBmEWg/nx0+oSfG6dMwUebFSGfu74mcRVqPo8B0RgyHerE2Nf+rdTMMr/xcxGmGEPP5ojCTFBM6TYH2hQKOcmyAcSXMrZQPmWIcTVZlE4K7+OVlaJ3V3Iuac39erd8UcZTIETkmp8Qll6RO7kiDNAknGXkmr+TNerJerHfrY966YhUzh+SPrM8ffQ6SVA==</latexit>

✓ = i⌘

<latexit sha1_base64="bJeIWH6fsEc3UDEP0uZ7QS2QK48=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiaGMZwXxAcoS9zV6yZG/v3J0TwpE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrdTv/XEtRGxesBxwv2IDpQIBaNopXaXIyXXxO2VK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEyaZ1Xvouren1dqN3kcRTiCYzgFDy6hBndQhwYwkPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDqkuPEQ==</latexit>

⌘ < 0



Lorentz型 Regge Calculus [Sorkin, 1975]

２つのベクトル間の複素⾓：
<latexit sha1_base64="QfheIUGf981RmOxAUCIkiVbWPFE=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAIghB2RdSLEPTiMYJ5QDaE2clsMmT2wUyvENYc/BUvHhTx6m9482+cJHvQxIKGmqpuprv8RAqNjvNtLSwuLa+sFtaK6xubW9v2zm5dx6livMZiGaumTzWXIuI1FCh5M1Gchr7kDX9wM/YbD1xpEUf3OEx4O6S9SASCUTRSx973sM+RkiviJVqQEyKIZ94du+SUnQnIPHFzUoIc1Y795XVjloY8Qiap1i3XSbCdUYWCST4qeqnmCWUD2uMtQyMact3OJvuPyJFRuiSIlakIyUT9PZHRUOth6JvOkGJfz3pj8T+vlWJw2c5ElKTIIzb9KEglwZiMwyBdoThDOTSEMiXMroT1qaIMTWRFE4I7e/I8qZ+W3fOyc3dWqlzncRTgAA7hGFy4gArcQhVqwOARnuEV3qwn68V6tz6mrQtWPrMHf2B9/gDO3pSt</latexit>

✓ =  + i⌘
<latexit sha1_base64="fFrfploXY8O+nxju76sLeQVsocI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VooZRERF0W3bisYh+QhDKZTtqhk0mYmQgl9Bvc+CtuXCji1pU7/8ZJmoW2HrhwOOde7r3HjxmVyrK+jdLK6tr6RnmzsrW9s7tn7h90ZZQITDo4YpHo+0gSRjnpKKoY6ceCoNBnpOdPrjO/90CEpBG/V9OYeCEacRpQjJSWBma95hKFoEs5dEOkxr6f3s0a0IVuLGkuO1bDjalXH5hVq2nlgMvELkgVFGgPzC93GOEkJFxhhqR0bCtWXoqEopiRWcVNJIkRnqARcTTlKCTSS/OXZvBEK0MYREIXVzBXf0+kKJRyGvq6MztbLnqZ+J/nJCq49FLK40QRjueLgoRBFcEsHzikgmDFppogLKi+FeIxEggrnWJFh2AvvrxMuqdN+7xp3Z5VW1dFHGVwBI5BDdjgArTADWiDDsDgETyDV/BmPBkvxrvxMW8tGcXMIfgD4/MHK9mb5A==</latexit>

(⌘ 2 R,  2 [0,⇡])
<latexit sha1_base64="Pr5aPgXpcw4NaU2PSo9hhymmHUg=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4c+M/Q==</latexit>

t

<latexit sha1_base64="ERh0C4i9tpPdHazPxTyqV7q4prk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD59+NAQ==</latexit>x
<latexit sha1_base64="xsteb71NuWQ6gZCVTfkju4CGqxY=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJeyKqMegF71FMA9MQpid9CZDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+4uP5bCoOt+O0vLK6tr67mN/ObW9s5uYW+/bqJEc6jxSEa66TMDUiiooUAJzVgDC30JDX94PfEbj6CNiNQ9jmLohKyvRCA4Qys9tBGeMC3dnoy7haJbdqegi8TLSJFkqHYLX+1exJMQFHLJjGl5boydlGkUXMI4304MxIwPWR9alioWgumk04vH9NgqPRpE2pZCOlV/T6QsNGYU+rYzZDgw895E/M9rJRhcdlKh4gRB8dmiIJEUIzp5n/aEBo5yZAnjWthbKR8wzTjakPI2BG/+5UVSPy1752X37qxYucriyJFDckRKxCMXpEJuSJXUCCeKPJNX8uYY58V5dz5mrUtONnNA/sD5/AEr0pCW</latexit>

(I)

<latexit sha1_base64="sSnyhsYs2hJ2E8UBbu61ugyc+g0=">AAACA3icbVDLSgNBEJyNrxhfq970shiEeHDZDaIeg17MLYJ5QBLC7KSTDJl9MNMrhiXgxV/x4kERr/6EN//GSbIHTSxoKKq66e7yIsEVOs63kVlaXlldy67nNja3tnfM3b2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe8PriV+/B6l4GNzhKIK2T/sB73FGUUsd86CF8IBJodwaqIgySE5duxjhuHwy7ph5x3amsBaJm5I8SVHpmF+tbshiHwJkgirVdJ0I2wmVyJmAca4VK9A7hrQPTU0D6oNqJ9MfxtaxVrpWL5S6ArSm6u+JhPpKjXxPd/oUB2rem4j/ec0Ye5fthAdRjBCw2aJeLCwMrUkgVpdLYChGmlAmub7VYgMqKUMdW06H4M6/vEhqRds9t53bs3zpKo0jSw7JESkQl1yQErkhFVIljDySZ/JK3own48V4Nz5mrRkjndknf2B8/gABv5ca</latexit>

(II)

<latexit sha1_base64="iSVYmjhMycR1BMVtsAvJtcBYgUw=">AAACE3icbVDJSgNBEO1xjXEb9eilMQhRMMwEUY9BL3qLYBZIQujpVJImPQvdNWIY5h+8+CtePCji1Ys3/8bOctDEBw2v3quiup4XSaHRcb6thcWl5ZXVzFp2fWNza9ve2a3qMFYcKjyUoap7TIMUAVRQoIR6pID5noSaN7ga+bV7UFqEwR0OI2j5rBeIruAMjdS2j5sID5jkb5p9HTEOyYlbKEaYztVHadvOOQVnDDpP3CnJkSnKbfur2Ql57EOAXDKtG64TYSthCgWXkGabsQazY8B60DA0YD7oVjK+KaWHRunQbqjMC5CO1d8TCfO1Hvqe6fQZ9vWsNxL/8xoxdi9aiQiiGCHgk0XdWFIM6Sgg2hEKOMqhIYwrYf5KeZ8pxtHEmDUhuLMnz5NqseCeFZzb01zpchpHhuyTA5InLjknJXJNyqRCOHkkz+SVvFlP1ov1bn1MWhes6cwe+QPr8we9s51t</latexit>

(III)

<latexit sha1_base64="4OiSmqKFdx+nn9/PKLnOrEQmxlQ=">AAACA3icbVDLSgNBEJyNrxhfq970shiEeDDsBlGPQS96i2AekIQwO+kkQ2Znl5leMSwLXvwVLx4U8epPePNvnDwOGi1oKKq66e7yI8E1uu6XlVlYXFpeya7m1tY3Nrfs7Z2aDmPFoMpCEaqGTzUILqGKHAU0IgU08AXU/eHl2K/fgdI8lLc4iqAd0L7kPc4oGqlj77UQ7jEpXLcGOqIMkmOvWIowrR2lHTvvFt0JnL/Em5E8maHSsT9b3ZDFAUhkgmrd9NwI2wlVyJmANNeKNZgdQ9qHpqGSBqDbyeSH1Dk0StfphcqURGei/pxIaKD1KPBNZ0BxoOe9sfif14yxd95OuIxiBMmmi3qxcDB0xoE4Xa6AoRgZQpni5laHDaiiDE1sOROCN//yX1IrFb3Tontzki9fzOLIkn1yQArEI2ekTK5IhVQJIw/kibyQV+vRerberPdpa8aazeySX7A+vgEVjZcn</latexit>

(IV)

<latexit sha1_base64="FJvDnObhvlYipgxTQ6805gKAoYw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUASQ+9kNhkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41ZXUai1i3QjRMcMXqllvBWolmKEPBmuHoduo3n5g2PFYPdpywrsSB4hGnaJ3UxMesI9NJr1T2K/4MZJkEOSlDjlqv9NXpxzSVTFkq0Jh24Ce2m6G2nAo2KXZSwxKkIxywtqMKJTPdbHbuhJw6pU+iWLtSlszU3xMZSmPGMnSdEu3QLHpT8T+vndrouptxlaSWKTpfFKWC2JhMfyd9rhm1YuwIUs3drYQOUSO1LqGiCyFYfHmZNM4rwWXFv78oV2/yOApwDCdwBgFcQRXuoAZ1oDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD5N/j7o=</latexit>

aµ

<latexit sha1_base64="c2/uVvZ+fo+LcVK00DXisE7DlPc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUASw+xkNhkyM7vM9AphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFiRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNG6eG8TqLZWxaIbVcCs3rKFDyVmI4VaHkzXB0O/WbT9xYEesHHCe8q+hAi0gwik5qho9ZR6WTXqnsV/wZyDIJclKGHLVe6avTj1mquEYmqbXtwE+wm1GDgkk+KXZSyxPKRnTA245qqrjtZrNzJ+TUKX0SxcaVRjJTf09kVFk7VqHrVBSHdtGbiv957RSj624mdJIi12y+KEolwZhMfyd9YThDOXaEMiPcrYQNqaEMXUJFF0Kw+PIyaZxXgsuKf39Rrt7kcRTgGE7gDAK4gircQQ3qwGAEz/AKb17ivXjv3se8dcXLZ47gD7zPH5UJj7s=</latexit>

bµ
(１) ２ベクトル間に光線がないとき

<latexit sha1_base64="7tRln5/bj6E/cWw7b3u/Cca5Iqg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvXisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVA44T7kd0oEQoGEUrtbscKbkmbq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZvRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmT5P+kJzhnJsCWVa2FsJG1JNGdqISjYEb/HlZdI8q3oXVff+vFK7yeMowhEcwyl4cAk1uIM6NICBhGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+tV48T</latexit>

⌘ > 0(I) または (III)にいるとき：

(II) または (IV)にいるとき：

(２) ２ベクトル間に光線があるとき

<latexit sha1_base64="/LLFiAgYKO55tZakb8JS8+skL1g=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5up37zCbXhsXqw4wS7kg4Ujzij1klN9ph1ZDrplcp+xZ+BLJMgJ2XIUeuVvjr9mKUSlWWCGtMO/MR2M6otZwInxU5qMKFsRAfYdlRRiaabzc6dkFOn9EkUa1fKkpn6eyKj0pixDF2npHZoFr2p+J/XTm103c24SlKLis0XRakgNibT30mfa2RWjB2hTHN3K2FDqimzLqGiCyFYfHmZNM4rwWXFv78oV2/yOApwDCdwBgFcQRXuoAZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD5aTj7w=</latexit>

cµ

<latexit sha1_base64="PkjNmPqhg3UNHm+oXwCTrbNUZ78=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6rHoxWMF+wHtWrLZbBuaZEOSFcrSH+HFgyJe/T3e/Dem7R609cHA470ZZuZFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7ETaUM0mblllOO0pTLCJO29Hoduq3n6g2LJUPdqxoKPBAsoQRbJ3Ujh/znsgm/UrVr/kzoGUSFKQKBRr9ylcvTkkmqLSEY2O6ga9smGNtGeF0Uu5lhipMRnhAu45KLKgJ89m5E3TqlBglqXYlLZqpvydyLIwZi8h1CmyHZtGbiv953cwm12HOpMoslWS+KMk4sima/o5ipimxfOwIJpq5WxEZYo2JdQmVXQjB4svLpHVeCy5r/v1FtX5TxFGCYziBMwjgCupwBw1oAoERPMMrvHnKe/HevY9564pXzBzBH3ifP5gdj70=</latexit>

dµ
<latexit sha1_base64="32Pw4hrPdZb20Ia46qLe8IkOkYs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQUUpSRN0IRTcuK9gHNKFMppN26OTBzI1QQr7Ajb/ixoUibl2782+ctllo9cCFwzn3cu89Xiy4Asv6MgpLyyura8X10sbm1vaOubvXVlEiKWvRSESy6xHFBA9ZCzgI1o0lI4EnWMcbX0/9zj2TikfhHUxi5gZkGHKfUwJa6psVB0YMCK6SE+8IX2LHl4SmTsyztJ7hY8yxo+2+WbZq1gz4L7FzUkY5mn3z0xlENAlYCFQQpXq2FYObEgmcCpaVnESxmNAxGbKepiEJmHLT2TsZrmhlgP1I6goBz9SfEykJlJoEnu4MCIzUojcV//N6CfgXbsrDOAEW0vkiPxEYIjzNBg+4ZBTERBNCJde3YjoiOhDQCZZ0CPbiy39Ju16zz2rW7Wm5cZXHUUQH6BBVkY3OUQPdoCZqIYoe0BN6Qa/Go/FsvBnv89aCkc/so18wPr4BKTuaSg==</latexit>

✓(a, b) =
⇡

2
+ i⌘

<latexit sha1_base64="J9kdPUZoumACs7H3YMSD2hovuoY=">AAACBXicbVBNS8NAEN34WetX1KMeFotYUUoiol6EohePFewHNKFsttt26WYTdidCCb148a948aCIV/+DN/+N2zYHbX0w8Hhvhpl5QSy4Bsf5tubmFxaXlnMr+dW19Y1Ne2u7pqNEUValkYhUIyCaCS5ZFTgI1ogVI2EgWD3o34z8+gNTmkfyHgYx80PSlbzDKQEjtew9D3oMCC6SE3qEr7AXc3yMOfaMeNiyC07JGQPPEjcjBZSh0rK/vHZEk5BJoIJo3XSdGPyUKOBUsGHeSzSLCe2TLmsaKknItJ+OvxjiA6O0cSdSpiTgsfp7IiWh1oMwMJ0hgZ6e9kbif14zgc6ln3IZJ8AknSzqJAJDhEeR4DZXjIIYGEKo4uZWTHtEEQomuLwJwZ1+eZbUTkvuecm5OyuUr7M4cmgX7aMictEFKqNbVEFVRNEjekav6M16sl6sd+tj0jpnZTM76A+szx94WpX+</latexit>

✓(a, c) = ⇡ + i⌘0

(光線１本)

(光線２本)

<latexit sha1_base64="P/YvCzyPWKuIrxJeiyvn4C+5f+c=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXJVERN0IRTcuK9gLNKFMpift0MmFmROhhj6JGxeKuPVR3Pk2TtsstPWHgY//nMM58wepFBod59taWV1b39gsbZW3d3b3Kvb+QUsnmeLQ5IlMVCdgGqSIoYkCJXRSBSwKJLSD0e203n4EpUUSP+A4BT9ig1iEgjM0Vs+ueDgEZPSaCuoZ6NlVp+bMRJfBLaBKCjV69pfXT3gWQYxcMq27rpOinzOFgkuYlL1MQ8r4iA2gazBmEWg/nx0+oSfG6dMwUebFSGfu74mcRVqPo8B0RgyHerE2Nf+rdTMMr/xcxGmGEPP5ojCTFBM6TYH2hQKOcmyAcSXMrZQPmWIcTVZlE4K7+OVlaJ3V3Iuac39erd8UcZTIETkmp8Qll6RO7kiDNAknGXkmr+TNerJerHfrY966YhUzh+SPrM8ffQ6SVA==</latexit>

✓ = i⌘

複素⾓の和：
<latexit sha1_base64="YV4fDGtaZskg2bijenm5/0Xw8/U=">AAACKXicbVBLS0JBFJ5rL7OX1bLNkARKIvdKVJtAatPSIB+gIufOHXVw7oOZcwMR/06b/kqbgqLa9kcaH4FpBwa+xzmcOZ8bSaHRtj+txMrq2vpGcjO1tb2zu5feP6jqMFaMV1goQ1V3QXMpAl5BgZLXI8XBdyWvuf2bsV974EqLMLjHQcRbPnQD0REM0EjtdKmJPY5As5B3c/SU/lI3z+Ypy3vz1MtDjl7RYjMS7XTGLtiTosvAmYEMmVW5nX5teiGLfR4gk6B1w7EjbA1BoWCSj1LNWPMIWB+6vGFgAD7XreHk0hE9MYpHO6EyL0A6UecnhuBrPfBd0+kD9vSiNxb/8xoxdi5bQxFEMfKATRd1YkkxpOPYqCcUZygHBgBTwvyVsh4oYGjCTZkQnMWTl0G1WHDOC/bdWaZ0PYsjSY7IMckSh1yQErklZVIhjDySZ/JG3q0n68X6sL6mrQlrNnNI/pT1/QMhu6Gl</latexit>

✓(a, b) + ✓(b, c) + ✓(c, d) + ✓(d, a) = 2⇡

<latexit sha1_base64="bJeIWH6fsEc3UDEP0uZ7QS2QK48=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiaGMZwXxAcoS9zV6yZG/v3J0TwpE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrdTv/XEtRGxesBxwv2IDpQIBaNopXaXIyXXxO2VK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEyaZ1Xvouren1dqN3kcRTiCYzgFDy6hBndQhwYwkPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDqkuPEQ==</latexit>

⌘ < 0



Lorentz型 Regge Calculus [Sorkin, 1975]

復習：時空の曲率は余次元２の単体（=hinge）での円錐特異点で表される

h h
切断

hingeに直交する２次元⾯は２次元Minkownski時空か２次元Euclid空間になる

曲率はhingeに直交する２次元⾯での
⽋損⾓に⽐例する

hs (空間的hinge) ht (時間的hinge)

<latexit sha1_base64="SnZPxcBaGsVdGsSlIMvGZp7gQFc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoioi6LblxWsQ9oY5lMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1z/JgzpR3n2yqtrK6tb5Q3K1vbO7t79v5BS0WJJLRJIh7Jjo8V5UzQpmaa004sKQ59Ttv++Db32xMqFYvEo57G1AvxULCAEayN1LftXoj1yPfTh+wpdc/crG9XnZozA1ombkGqUKDRt796g4gkIRWacKxU13Vi7aVYakY4zSq9RNEYkzEe0q6hAodUeekseYZOjDJAQSTNExrN1N8bKQ6Vmoa+mcxzqkUvF//zuokOrr2UiTjRVJD5oSDhSEcorwENmKRE86khmEhmsiIywhITbcqqmBLcxS8vk9Z5zb2sOfcX1fpNUUcZjuAYTsGFK6jDHTSgCQQm8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gAP7JNI</latexit>

R1,1
<latexit sha1_base64="wZ9FOEQpoHtwu+nAEqy/fE27lAY=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5dV7APatEymk3boZBJmJkoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vepP5nUcqFQvFg55F1A3wWDCfEayNNOgHWE88L7lPB0ktHZYrdtWeA60SJycVyNEclr/6o5DEARWacKxUz7Ej7SZYakY4TUv9WNEIkyke056hAgdUuck8dYrOjDJCfijNExrN1d8bCQ6UmgWemcxSqmUvE//zerH2r9yEiSjWVJDFIT/mSIcoqwCNmKRE85khmEhmsiIywRITbYoqmRKc5S+vknat6tSr9t1FpXGd11GEEziFc3DgEhpwC01oAQEJz/AKb9aT9WK9Wx+L0YKV7xzDH1ifP7fIkqc=</latexit>

R2

この思想のもと、４次元で作⽤を構成してみる



Lorentz型 Regge Calculus [Sorkin, 1975]

(i) 時間的hinge (ht) 周りの計量テンソル

hinge (ht)

<latexit sha1_base64="DDQh2Vwm9vsxaCHnFsMOfXFOyvY="></latexit>

gµ⌫dx
µdx⌫ = �dt2 + dx2 + dr2 + r2

✓
1�  ht

2⇡

◆2

d�2



Lorentz型 Regge Calculus [Sorkin, 1975]

hingeの周りを（距離をrに保ち）⼀周すると
<latexit sha1_base64="/SV4B5GhTZ9YBlD/j5KhIFiwLTo="></latexit>Z 2⇡

0
d�

p
g�� = (2⇡ �  ht)r <latexit sha1_base64="f6LjgWkA3kI9q3Dzg5QXcQBwF9M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbbEDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4YlrIxJ1j+OU+zEdKBEJRtFKj73UiCAfBjgJqjW37s5AlolXkBoUaAbVr14/YVnMFTJJjel6bop+TjUKJvmk0ssMTykb0QHvWqpozI2fzy6ekBOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F05edCpRlyxeaLokwSTMj0fdIXmjOUY0so08LeStiQasrQhlSxIXiLLy+T9lndu6i7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8OcZ5cd6dj3lrySlmDuEPnM8f+SSRHQ==</latexit>

 ht

(i) 時間的hinge (ht) 周りの計量テンソル <latexit sha1_base64="fp3qXAGlyYmFsUPWHi2Qeauty7w=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JN0zY0m12T2UJZ+ju8eFDEqz/Gm//GbLsHbX0ww+O9GTJ5QSyFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY32V+a8K1EZF6xGnM/ZAOlRgIRtFK/rCXduORIFmb9coVt+rOQVaJl5MK5Kj3yl/dfsSSkCtkkhrT8dwY/ZRqFEzyWambGB5TNqZD3rFU0ZAbP50fPSNnVumTQaRtKSRz9fdGSkNjpmFgJ0OKI7PsZeJ/XifBwY2fChUnyBVbPDRIJMGIZAmQvtCcoZxaQpkW9lbCRlRThjankg3BW/7yKmleVL2rqvtwWand5nEU4QRO4Rw8uIYa3EMdGsDgCZ7hFd6cifPivDsfi9GCk+8cwx84nz/EdJIZ</latexit>g��

hinge (ht)

<latexit sha1_base64="DDQh2Vwm9vsxaCHnFsMOfXFOyvY="></latexit>

gµ⌫dx
µdx⌫ = �dt2 + dx2 + dr2 + r2

✓
1�  ht

2⇡

◆2

d�2



Lorentz型 Regge Calculus [Sorkin, 1975]

円錐特異点を正則化する：
<latexit sha1_base64="to9D0JEyd/CrctTsNyArmKBGX+Q="></latexit>

g�� = r2
✓
1�  ht

2⇡

◆2

) e2�(r)

ここで
<latexit sha1_base64="XeWREc/QgS3Jc79a9D4sJFv10kA="></latexit>

e2�(r)|r�1 ⇠ r2
✓
1�  ht

2⇡

◆2
<latexit sha1_base64="Q6SEdfFsqHBUY+2CAKQE5FhWkEM=">AAACDnicbVA7T8MwGHR4lvIKMLJYVJXKUiUVAsYKFsYi0YfUpJHjOK1Vx4lsB6kK+QUs/BUWBhBiZWbj3+C2GaDlJEvnu+9kf+cnjEplWd/Gyura+sZmaau8vbO7t28eHHZknApM2jhmsej5SBJGOWkrqhjpJYKgyGek64+vp373nghJY36nJglxIzTkNKQYKS15ZpUMsgZ0mE4EqCZO8wcvE/rOoJ1DR9IIikEDembFqlszwGViF6QCCrQ888sJYpxGhCvMkJR920qUmyGhKGYkLzupJAnCYzQkfU05ioh0s9k6OaxqJYBhLPThCs7U34kMRVJOIl9PRkiN5KI3Ff/z+qkKL92M8iRVhOP5Q2HKoIrhtBsYUEGwYhNNEBZU/xXiERIIK91gWZdgL668TDqNun1et27PKs2roo4SOAYnoAZscAGa4Aa0QBtg8AiewSt4M56MF+Pd+JiPrhhF5gj8gfH5A7rKmqA=</latexit>

e2�(r)|r⌧1 ⇠ r2

(i) 時間的hinge (ht) 周りの計量テンソル <latexit sha1_base64="fp3qXAGlyYmFsUPWHi2Qeauty7w=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JN0zY0m12T2UJZ+ju8eFDEqz/Gm//GbLsHbX0ww+O9GTJ5QSyFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY32V+a8K1EZF6xGnM/ZAOlRgIRtFK/rCXduORIFmb9coVt+rOQVaJl5MK5Kj3yl/dfsSSkCtkkhrT8dwY/ZRqFEzyWambGB5TNqZD3rFU0ZAbP50fPSNnVumTQaRtKSRz9fdGSkNjpmFgJ0OKI7PsZeJ/XifBwY2fChUnyBVbPDRIJMGIZAmQvtCcoZxaQpkW9lbCRlRThjankg3BW/7yKmleVL2rqvtwWand5nEU4QRO4Rw8uIYa3EMdGsDgCZ7hFd6cifPivDsfi9GCk+8cwx84nz/EdJIZ</latexit>g��

hinge (ht)

<latexit sha1_base64="DDQh2Vwm9vsxaCHnFsMOfXFOyvY="></latexit>

gµ⌫dx
µdx⌫ = �dt2 + dx2 + dr2 + r2

✓
1�  ht

2⇡

◆2

d�2



Lorentz型 Regge Calculus [Sorkin, 1975]

より
<latexit sha1_base64="Mica0m49AXsvOPrRzgbNwAjiT5U="></latexit>

R = �2(�00 + (�0)2) ,
q
� det(gµ⌫) = e�

<latexit sha1_base64="vjy9yKuLYebtpFOxH0xmM79+Jtg=">AAACGXicbVA9SwNBEN3z2/gVtbRZDGJSGO5E1EYQbSxVTBRyMeztTeLi3t65OyeE4/6GjX/FxkIRS638N25iCk18MPB4b2Z35gWJFAZd98sZG5+YnJqemS3MzS8sLhWXV+omTjWHGo9lrK8CZkAKBTUUKOEq0cCiQMJlcHvc8y/vQRsRqwvsJtCMWEeJtuAMrdQqur6505ht+SEgLXdamR+l1FdpXsnpOT2gW9tluM58aV8MWV7Z3GwVS27V7YOOEm9ASmSA01bxww9jnkagkEtmTMNzE2xmTKPgEvKCnxpIGL9lHWhYqlgEppn1L8vphlVC2o61LYW0r/6eyFhkTDcKbGfE8MYMez3xP6+RYnu/mQmVpAiK/3zUTiXFmPZioqHQwFF2LWFcC7sr5TdMM442zIINwRs+eZTUt6vebtU92ykdHg3imCFrZJ2UiUf2yCE5IaekRjh5IE/khbw6j86z8+a8/7SOOYOZVfIHzuc3axOepQ==</latexit>q
� det(gµ⌫)R = �2(e�)00

従って
<latexit sha1_base64="3RKfapezVn+TWGYz50VaHUiNq9Y="></latexit>Z

d4x
q

� det(gµ⌫)R =

Z

D(ht)
dtdx

Z 2⇡

0
d�

Z 1

0
dr

�
�2(e�)00

�

<latexit sha1_base64="SyAWB/ghpxNBBcAGFkrRhZU9FVo=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAInsJuEPUiBL14jGAekCzL7GSSDJl9MNMrhDUHf8WLB0W8+hve/BsnyR40saDpoqqb6akgkUKj43xbS8srq2vrhY3i5tb2zq69t9/QcaoYr7NYxqoVUM2liHgdBUreShSnYSB5MxjeTPzmA1daxNE9jhLuhbQfiZ5gFI3k24dXpEI6iRZ+NvBxTBqz7tslp+xMQRaJm5MS5Kj59lenG7M05BEySbVuu06CXkYVCib5uNhJNU8oG9I+bxsa0ZBrL5vePyYnRumSXqxMRUim6u+NjIZaj8LATIYUB3rem4j/ee0Ue5deJqIkRR6x2UO9VBKMySQM0hWKM5QjQyhTwtxK2IAqytBEVjQhuPNfXiSNStk9Lzt3Z6XqdR5HAY7gGE7BhQuowi3UoA4MHuEZXuHNerJerHfrYza6ZOU7B/AH1ucPB/2VfQ==</latexit>

= 2 htVht

Vht



Lorentz型 Regge Calculus [Sorkin, 1975]

(ii) 空間的hinge (hs) 周りの時空を考える
<latexit sha1_base64="Pr5aPgXpcw4NaU2PSo9hhymmHUg=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4c+M/Q==</latexit>

t

<latexit sha1_base64="ERh0C4i9tpPdHazPxTyqV7q4prk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD59+NAQ==</latexit>x
<latexit sha1_base64="xsteb71NuWQ6gZCVTfkju4CGqxY=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBDiJeyKqMegF71FMA9MQpid9CZDZmeXmV4xLPkLLx4U8erfePNvnCR70MSChqKqm+4uP5bCoOt+O0vLK6tr67mN/ObW9s5uYW+/bqJEc6jxSEa66TMDUiiooUAJzVgDC30JDX94PfEbj6CNiNQ9jmLohKyvRCA4Qys9tBGeMC3dnoy7haJbdqegi8TLSJFkqHYLX+1exJMQFHLJjGl5boydlGkUXMI4304MxIwPWR9alioWgumk04vH9NgqPRpE2pZCOlV/T6QsNGYU+rYzZDgw895E/M9rJRhcdlKh4gRB8dmiIJEUIzp5n/aEBo5yZAnjWthbKR8wzTjakPI2BG/+5UVSPy1752X37qxYucriyJFDckRKxCMXpEJuSJXUCCeKPJNX8uYY58V5dz5mrUtONnNA/sD5/AEr0pCW</latexit>

(I)

<latexit sha1_base64="Pr5aPgXpcw4NaU2PSo9hhymmHUg=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4c+M/Q==</latexit>

t

<latexit sha1_base64="ERh0C4i9tpPdHazPxTyqV7q4prk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD59+NAQ==</latexit>x

<latexit sha1_base64="sSnyhsYs2hJ2E8UBbu61ugyc+g0=">AAACA3icbVDLSgNBEJyNrxhfq970shiEeHDZDaIeg17MLYJ5QBLC7KSTDJl9MNMrhiXgxV/x4kERr/6EN//GSbIHTSxoKKq66e7yIsEVOs63kVlaXlldy67nNja3tnfM3b2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe8PriV+/B6l4GNzhKIK2T/sB73FGUUsd86CF8IBJodwaqIgySE5duxjhuHwy7ph5x3amsBaJm5I8SVHpmF+tbshiHwJkgirVdJ0I2wmVyJmAca4VK9A7hrQPTU0D6oNqJ9MfxtaxVrpWL5S6ArSm6u+JhPpKjXxPd/oUB2rem4j/ec0Ye5fthAdRjBCw2aJeLCwMrUkgVpdLYChGmlAmub7VYgMqKUMdW06H4M6/vEhqRds9t53bs3zpKo0jSw7JESkQl1yQErkhFVIljDySZ/JK3own48V4Nz5mrRkjndknf2B8/gABv5ca</latexit>

(II)
<latexit sha1_base64="z1kyzXynrpMQwSTFyymZTz4udHY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfUiFL14rGA/oAlls920SzebsDsRYugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84JEcA2O822VVlbX1jfKm5Wt7Z3dqr2339Zxqihr0VjEqhsQzQSXrAUcBOsmipEoEKwTjG+nfueRKc1j+QBZwvyIDCUPOSVgpL5d9RgQfI1PscdlCFnfrjl1Zwa8TNyC1FCBZt/+8gYxTSMmgQqidc91EvBzooBTwSYVL9UsIXRMhqxnqCQR034+O3yCj40ywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDKz7lMUmCSzheFqcAQ42kKeMAVoyAyQwhV3NyK6YgoQsFkVTEhuIsvL5P2Wd29qDv357XGTRFHGR2iI3SCXHSJGugONVELUZSiZ/SK3qwn68V6tz7mrSWrmDlAf2B9/gA5GJIq</latexit>

⌘ = +1

<latexit sha1_base64="3ke2GbQQvbzAhiwme/Rb/uZ9W/Y=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIXiyJiHoRil48VrAf0ISy2W7apZtN2J0IMfSXePGgiFd/ijf/jds2B219MPB4b4aZeUEiuAbH+bZKK6tr6xvlzcrW9s5u1d7bb+s4VZS1aCxi1Q2IZoJL1gIOgnUTxUgUCNYJxrdTv/PIlOaxfIAsYX5EhpKHnBIwUt+uegwIvsan2OMyhKxv15y6MwNeJm5BaqhAs29/eYOYphGTQAXRuuc6Cfg5UcCpYJOKl2qWEDomQ9YzVJKIaT+fHT7Bx0YZ4DBWpiTgmfp7IieR1lkUmM6IwEgvelPxP6+XQnjl51wmKTBJ54vCVGCI8TQFPOCKURCZIYQqbm7FdEQUoWCyqpgQ3MWXl0n7rO5e1J3781rjpoijjA7RETpBLrpEDXSHmqiFKErRM3pFb9aT9WK9Wx/z1pJVzBygP7A+fwA8LpIs</latexit>⌘ = �1

<latexit sha1_base64="3ke2GbQQvbzAhiwme/Rb/uZ9W/Y=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIXiyJiHoRil48VrAf0ISy2W7apZtN2J0IMfSXePGgiFd/ijf/jds2B219MPB4b4aZeUEiuAbH+bZKK6tr6xvlzcrW9s5u1d7bb+s4VZS1aCxi1Q2IZoJL1gIOgnUTxUgUCNYJxrdTv/PIlOaxfIAsYX5EhpKHnBIwUt+uegwIvsan2OMyhKxv15y6MwNeJm5BaqhAs29/eYOYphGTQAXRuuc6Cfg5UcCpYJOKl2qWEDomQ9YzVJKIaT+fHT7Bx0YZ4DBWpiTgmfp7IieR1lkUmM6IwEgvelPxP6+XQnjl51wmKTBJ54vCVGCI8TQFPOCKURCZIYQqbm7FdEQUoWCyqpgQ3MWXl0n7rO5e1J3781rjpoijjA7RETpBLrpEDXSHmqiFKErRM3pFb9aT9WK9Wx/z1pJVzBygP7A+fwA8LpIs</latexit>⌘ = �1 <latexit sha1_base64="z1kyzXynrpMQwSTFyymZTz4udHY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfUiFL14rGA/oAlls920SzebsDsRYugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84JEcA2O822VVlbX1jfKm5Wt7Z3dqr2339Zxqihr0VjEqhsQzQSXrAUcBOsmipEoEKwTjG+nfueRKc1j+QBZwvyIDCUPOSVgpL5d9RgQfI1PscdlCFnfrjl1Zwa8TNyC1FCBZt/+8gYxTSMmgQqidc91EvBzooBTwSYVL9UsIXRMhqxnqCQR034+O3yCj40ywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDKz7lMUmCSzheFqcAQ42kKeMAVoyAyQwhV3NyK6YgoQsFkVTEhuIsvL5P2Wd29qDv357XGTRFHGR2iI3SCXHSJGugONVELUZSiZ/SK3qwn68V6tz7mrSWrmDlAf2B9/gA5GJIq</latexit>

⌘ = +1

<latexit sha1_base64="9rM3AQAQMbsT1K2Vcm/she0dSfc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbbEDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4YlrIxJ1j+OU+zEdKBEJRtFKjz2ONMiHgZkE1Zpbd2cgy8QrSA0KNIPqV6+fsCzmCpmkxnQ9N0U/pxoFk3xS6WWGp5SN6IB3LVU05sbPZxdPyIlV+iRKtC2FZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC68nOh0gy5YvNFUSYJJmT6PukLzRnKsSWUaWFvJWxINWVoQ6rYELzFl5dJ+6zuXdTdu/Na47qIowxHcAyn4MElNOAWmtACBgqe4RXeHOO8OO/Ox7y15BQzh/AHzucP29aRCg==</latexit>⌘hs

<latexit sha1_base64="9rM3AQAQMbsT1K2Vcm/she0dSfc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbbEDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4YlrIxJ1j+OU+zEdKBEJRtFKjz2ONMiHgZkE1Zpbd2cgy8QrSA0KNIPqV6+fsCzmCpmkxnQ9N0U/pxoFk3xS6WWGp5SN6IB3LVU05sbPZxdPyIlV+iRKtC2FZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC68nOh0gy5YvNFUSYJJmT6PukLzRnKsSWUaWFvJWxINWVoQ6rYELzFl5dJ+6zuXdTdu/Na47qIowxHcAyn4MElNOAWmtACBgqe4RXeHOO8OO/Ox7y15BQzh/AHzucP29aRCg==</latexit>⌘hs

<latexit sha1_base64="cuX9blUTp6wgs8S1X3sxdcfkT4M=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcCElEVE3QtGNywr2Ak0ok+mkHTqZhJkTsYQu3fgqblwo4tZHcOfbOG2z0NYfBn6+cw5nzh8kgmtwnG+rsLC4tLxSXC2trW9sbtnbOw0dp4qyOo1FrFoB0UxwyerAQbBWohiJAsGaweB6XG/eM6V5LO9gmDA/Ij3JQ04JGNSx9+FSeZrLPvYYEHyMPfxgCI31lHTsslNxJsLzxs1NGeWqdewvrxvTNGISqCBat10nAT8jCjgVbFTyUs0SQgekx9rGShIx7WeTQ0b40JAuDmNlngQ8ob8nMhJpPYwC0xkR6OvZ2hj+V2unEF74GZdJCkzS6aIwFRhiPE4Fd7liFMTQGEIVN3/FtE8UoWCyK5kQ3NmT503jpOKeVZzb03L1Ko+jiPbQATpCLjpHVXSDaqiOKHpEz+gVvVlP1ov1bn1MWwtWPrOL/sj6/AHeN5ib</latexit>

t = r sinh ⌘, x = r cosh ⌘
<latexit sha1_base64="WJG7osop0clGUhvKeGC+q+fyKgg=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcCElEVE3QtGNywr2Ak0ok+mkHTqZhJkTsYQu3fgqblwo4tZHcOfbOG2z0NYfBn6+cw5nzh8kgmtwnG+rsLC4tLxSXC2trW9sbtnbOw0dp4qyOo1FrFoB0UxwyerAQbBWohiJAsGaweB6XG/eM6V5LO9gmDA/Ij3JQ04JGNSx9+FSeTTWfewxIPgYe/jBEM3llHTsslNxJsLzxs1NGeWqdewvrxvTNGISqCBat10nAT8jCjgVbFTyUs0SQgekx9rGShIx7WeTQ0b40JAuDmNlngQ8ob8nMhJpPYwC0xkR6OvZ2hj+V2unEF74GZdJCkzS6aIwFRhiPE4Fd7liFMTQGEIVN3/FtE8UoWCyK5kQ3NmT503jpOKeVZzb03L1Ko+jiPbQATpCLjpHVXSDaqiOKHpEz+gVvVlP1ov1bn1MWwtWPrOL/sj6/AHd3Zib</latexit>

t = r cosh ⌘, x = r sinh ⌘

空間的⽋損 時間的⽋損

<latexit sha1_base64="DrXOR9K5x229s3eCL4ErKUALvlU="></latexit>Z
d4x

q
� det(gµ⌫)R = 2⌘hsVhs

<latexit sha1_base64="3HAVOtvFeFv4BkQ/Gm3RS37i3Fs="></latexit>Z
d4x

q
� det(gµ⌫)R = �2⌘hsVhs



Lorentz型 Regge Calculus [Sorkin, 1975]

Lorentz型 Regge 作⽤
<latexit sha1_base64="u2BhDwUv4npqEdiia9L+tOgC4+I=">AAACMHicbVDLSgMxFM34rPVVdekmWAQ3lhkRdSMUXeiyon1Ap5Q7adqGJjMhyQhl6Ce58VN0o6CIW7/CdDqCtl5IOJxz7k3uCSRn2rjuqzM3v7C4tJxbya+urW9sFra2azqKFaFVEvFINQLQlLOQVg0znDakoiACTuvB4HKs1++p0iwK78xQ0paAXsi6jICxVLtwdYvPsT8AKQH7OhbtpD/CtfT2qdSMW1MfH2Kf25mdH4+vWU9Aasxgu1B0S25aeBZ4GSiirCrtwpPfiUgsaGgIB62bnitNKwFlGOF0lPdjTSWQAfRo08IQBNWtJF14hPct08HdSNkTGpyyvzsSEFoPRWCdAkxfT2tj8j+tGZvuWSthoYwNDcnkoW7MsYnwOD3cYYoSw4cWAFHM/hWTPiggxmactyF40yvPgtpRyTspuTfHxfJFFkcO7aI9dIA8dIrK6BpVUBUR9ICe0Rt6dx6dF+fD+ZxY55ysZwf9KefrGwm5qao=</latexit>

S = 
X

h

Vh✏h � �
X

�

V�

<latexit sha1_base64="3KY0ER9jSPrL5gwS0YRz3oDAahM="></latexit>

✏h = ei'(h)

 
2⇡ �

X

�3h

✓�,h

!ここで
<latexit sha1_base64="xw5kQP78q8kIths1a5zu3jgHFZI=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WooCUpom6EohuXFewDmhAm00kzdPJgZlIoIf/hxl9x40IRV4IL/8ZJG1BbDwwczjmXO/e4MaNCGsaXVlpaXlldK69XNja3tnf03b2OiBKOSRtHLOI9FwnCaEjakkpGejEnKHAZ6bqjm9zvjgkXNArv5SQmdoCGIfUoRlJJjt6wxojHPq35jjiGV/AUWh5HOLVimqWN7ARa8Cch84Th6FWjbkwBF4lZkCoo0HL0D2sQ4SQgocQMCdE3jVjaKeKSYkayipUIEiM8QkPSVzREARF2Or0tg0dKGUAv4uqFEk7V3xMpCoSYBK5KBkj6Yt7Lxf+8fiK9SzulYZxIEuLZIi9hUEYwLwoOKCdYsokiCHOq/gqxj1Q3UtVZUSWY8ycvkk6jbp7XjbuzavO6qKMMDsAhqAETXIAmuAUt0AYYPIAn8AJetUftWXvT3mfRklbM7IM/0D6/AVbnnxU=</latexit>

'(hs) = �⇡

2
, '(ht) = 0

hs (空間的hinge) ht (時間的hinge)

<latexit sha1_base64="SnZPxcBaGsVdGsSlIMvGZp7gQFc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoioi6LblxWsQ9oY5lMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1z/JgzpR3n2yqtrK6tb5Q3K1vbO7t79v5BS0WJJLRJIh7Jjo8V5UzQpmaa004sKQ59Ttv++Db32xMqFYvEo57G1AvxULCAEayN1LftXoj1yPfTh+wpdc/crG9XnZozA1ombkGqUKDRt796g4gkIRWacKxU13Vi7aVYakY4zSq9RNEYkzEe0q6hAodUeekseYZOjDJAQSTNExrN1N8bKQ6Vmoa+mcxzqkUvF//zuokOrr2UiTjRVJD5oSDhSEcorwENmKRE86khmEhmsiIywhITbcqqmBLcxS8vk9Z5zb2sOfcX1fpNUUcZjuAYTsGFK6jDHTSgCQQm8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gAP7JNI</latexit>

R1,1
<latexit sha1_base64="wZ9FOEQpoHtwu+nAEqy/fE27lAY=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5dV7APatEymk3boZBJmJkoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vepP5nUcqFQvFg55F1A3wWDCfEayNNOgHWE88L7lPB0ktHZYrdtWeA60SJycVyNEclr/6o5DEARWacKxUz7Ej7SZYakY4TUv9WNEIkyke056hAgdUuck8dYrOjDJCfijNExrN1d8bCQ6UmgWemcxSqmUvE//zerH2r9yEiSjWVJDFIT/mSIcoqwCNmKRE85khmEhmsiIywRITbYoqmRKc5S+vknat6tSr9t1FpXGd11GEEziFc3DgEhpwC01oAQEJz/AKb9aT9WK9Wx+L0YKV7xzDH1ifP7fIkqc=</latexit>

R2
<latexit sha1_base64="QfheIUGf981RmOxAUCIkiVbWPFE=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAIghB2RdSLEPTiMYJ5QDaE2clsMmT2wUyvENYc/BUvHhTx6m9482+cJHvQxIKGmqpuprv8RAqNjvNtLSwuLa+sFtaK6xubW9v2zm5dx6livMZiGaumTzWXIuI1FCh5M1Gchr7kDX9wM/YbD1xpEUf3OEx4O6S9SASCUTRSx973sM+RkiviJVqQEyKIZ94du+SUnQnIPHFzUoIc1Y795XVjloY8Qiap1i3XSbCdUYWCST4qeqnmCWUD2uMtQyMact3OJvuPyJFRuiSIlakIyUT9PZHRUOth6JvOkGJfz3pj8T+vlWJw2c5ElKTIIzb9KEglwZiMwyBdoThDOTSEMiXMroT1qaIMTWRFE4I7e/I8qZ+W3fOyc3dWqlzncRTgAA7hGFy4gArcQhVqwOARnuEV3qwn68V6tz6mrQtWPrMHf2B9/gDO3pSt</latexit>

✓ =  + i⌘
cf. 複素⾓

<latexit sha1_base64="gGx/efAIrITkLrjhsktSNzzulJw=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaEDbbabt0swm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSqUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3I2ZACgUtFCihm2pgcSShE43vZn7nCbQRiXrESQpBzIZKDARnaCVfUB+QhfkoNNOwWnPr7hx0lXgFqZECzbD65fcTnsWgkEtmTM9zUwxyplFwCdOKnxlIGR+zIfQsVSwGE+Tzm6f0zCp9Oki0LYV0rv6eyFlszCSObGfMcGSWvZn4n9fLcHAT5EKlGYLii0WDTFJM6CwA2hcaOMqJJYxrYW+lfMQ042hjqtgQvOWXV0n7ou5d1d2Hy1rjtoijTE7IKTknHrkmDXJPmqRFOEnJM3klb07mvDjvzseiteQUM8fkD5zPH/s6kac=</latexit>

i⌘hs

<latexit sha1_base64="f6LjgWkA3kI9q3Dzg5QXcQBwF9M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbbEDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4YlrIxJ1j+OU+zEdKBEJRtFKj73UiCAfBjgJqjW37s5AlolXkBoUaAbVr14/YVnMFTJJjel6bop+TjUKJvmk0ssMTykb0QHvWqpozI2fzy6ekBOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F05edCpRlyxeaLokwSTMj0fdIXmjOUY0so08LeStiQasrQhlSxIXiLLy+T9lndu6i7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8OcZ5cd6dj3lrySlmDuEPnM8f+SSRHQ==</latexit>

 ht または

実

<latexit sha1_base64="0TVnoVzrdScHtRc9ZF9YrBDPrzc=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKiF48V7Ae0MWy203bpZhN2N0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPhzcRvPqLSPJb3ZpSgH9G+5D3OqLHSQwcNDbJBoMfkirhBqexW3CnIIvFyUoYctaD01enGLI1QGiao1m3PTYyfUWU4EzgudlKNCWVD2se2pZJGqP1sevWYHFulS3qxsiUNmaq/JzIaaT2KQtsZUTPQ895E/M9rp6Z36WdcJqlByWaLeqkgJiaTCEiXK2RGjCyhTHF7K2EDqigzNqiiDcGbf3mRNE4r3nnFvTsrV6/zOApwCEdwAh5cQBVuoQZ1YKDgGV7hzXlyXpx352PWuuTkMwfwB87nD4kokeA=</latexit>

⌘hs > 0
<latexit sha1_base64="/stwI4/kTx/hlQeSuVa8A4qJNpI=">AAAB9XicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwjmA9IzmNvM0mW7O0du3tKOPI/bCwUsfW/2Plv3CRXaOKDgcd7M8zMCxPBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtUKqUXCJdcONwFaikEahwGY4vJn4zUdUmsfy3owS9CPal7zHGTVWeuigoUE2CPSYXBE3KJXdijsFWSReTsqQoxaUvjrdmKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTa8ek2OrdEkvVrakIVP190RGI61HUWg7I2oGet6biP957dT0Lv2MyyQ1KNlsUS8VxMRkEgHpcoXMiJEllClubyVsQBVlxgZVtCF48y8vksZpxTuvuHdn5ep1HkcBDuEITsCDC6jCLdSgDgwUPMMrvDlPzovz7nzMWpecfOYA/sD5/AGGHJHe</latexit>

⌘hs < 0
空間的⽋損：
時間的⽋損：



Lorentz型 Regge Calculus [Sorkin, 1975]

Lorentz型 Regge 作⽤
<latexit sha1_base64="u2BhDwUv4npqEdiia9L+tOgC4+I=">AAACMHicbVDLSgMxFM34rPVVdekmWAQ3lhkRdSMUXeiyon1Ap5Q7adqGJjMhyQhl6Ce58VN0o6CIW7/CdDqCtl5IOJxz7k3uCSRn2rjuqzM3v7C4tJxbya+urW9sFra2azqKFaFVEvFINQLQlLOQVg0znDakoiACTuvB4HKs1++p0iwK78xQ0paAXsi6jICxVLtwdYvPsT8AKQH7OhbtpD/CtfT2qdSMW1MfH2Kf25mdH4+vWU9Aasxgu1B0S25aeBZ4GSiirCrtwpPfiUgsaGgIB62bnitNKwFlGOF0lPdjTSWQAfRo08IQBNWtJF14hPct08HdSNkTGpyyvzsSEFoPRWCdAkxfT2tj8j+tGZvuWSthoYwNDcnkoW7MsYnwOD3cYYoSw4cWAFHM/hWTPiggxmactyF40yvPgtpRyTspuTfHxfJFFkcO7aI9dIA8dIrK6BpVUBUR9ICe0Rt6dx6dF+fD+ZxY55ysZwf9KefrGwm5qao=</latexit>

S = 
X

h

Vh✏h � �
X

�

V�

<latexit sha1_base64="3KY0ER9jSPrL5gwS0YRz3oDAahM="></latexit>

✏h = ei'(h)

 
2⇡ �

X

�3h

✓�,h

!ここで
<latexit sha1_base64="xw5kQP78q8kIths1a5zu3jgHFZI=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WooCUpom6EohuXFewDmhAm00kzdPJgZlIoIf/hxl9x40IRV4IL/8ZJG1BbDwwczjmXO/e4MaNCGsaXVlpaXlldK69XNja3tnf03b2OiBKOSRtHLOI9FwnCaEjakkpGejEnKHAZ6bqjm9zvjgkXNArv5SQmdoCGIfUoRlJJjt6wxojHPq35jjiGV/AUWh5HOLVimqWN7ARa8Cch84Th6FWjbkwBF4lZkCoo0HL0D2sQ4SQgocQMCdE3jVjaKeKSYkayipUIEiM8QkPSVzREARF2Or0tg0dKGUAv4uqFEk7V3xMpCoSYBK5KBkj6Yt7Lxf+8fiK9SzulYZxIEuLZIi9hUEYwLwoOKCdYsokiCHOq/gqxj1Q3UtVZUSWY8ycvkk6jbp7XjbuzavO6qKMMDsAhqAETXIAmuAUt0AYYPIAn8AJetUftWXvT3mfRklbM7IM/0D6/AVbnnxU=</latexit>

'(hs) = �⇡

2
, '(ht) = 0

空間的hingeに直交する⾯に存在する光線の数が４本でないとき作⽤に虚部が出現

(i) 光線の数 > 4 (“Trouser-like”) (ii) 光線の数 < 4 (“Yarmulke-like”)

２次元の例 ２次元の例

<latexit sha1_base64="pug4rputxJies9gI9C4H1o1D3O0=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzQOSNcxOZpMh81hmeoWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruiRHALvv/tFVZW19Y3ipulre2d3b3y/kHT6tRQ1qBaaNOOiGWCK9YADoK1E8OIjARrRaObqd96YsZyrR5gnLBQkoHiMacEnNRhjxm/n+Cu5bJXrvhVfwa8TIKcVFCOeq/81e1rmkqmgApibSfwEwgzYoBTwSalbmpZQuiIDFjHUUUks2E2O3mCT5zSx7E2rhTgmfp7IiPS2rGMXKckMLSL3lT8z+ukEF+FGVdJCkzR+aI4FRg0nv6P+9wwCmLsCKGGu1sxHRJDKLiUSi6EYPHlZdI8qwYXVf/uvFK7zuMooiN0jE5RgC5RDd2iOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+ACPmkSk=</latexit>

eiS ⇠ 抑制
<latexit sha1_base64="pug4rputxJies9gI9C4H1o1D3O0=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzQOSNcxOZpMh81hmeoWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruiRHALvv/tFVZW19Y3ipulre2d3b3y/kHT6tRQ1qBaaNOOiGWCK9YADoK1E8OIjARrRaObqd96YsZyrR5gnLBQkoHiMacEnNRhjxm/n+Cu5bJXrvhVfwa8TIKcVFCOeq/81e1rmkqmgApibSfwEwgzYoBTwSalbmpZQuiIDFjHUUUks2E2O3mCT5zSx7E2rhTgmfp7IiPS2rGMXKckMLSL3lT8z+ukEF+FGVdJCkzR+aI4FRg0nv6P+9wwCmLsCKGGu1sxHRJDKLiUSi6EYPHlZdI8qwYXVf/uvFK7zuMooiN0jE5RgC5RDd2iOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+ACPmkSk=</latexit>

eiS ⇠ 増⼤



Lorentz型 Quantum Regge Calculus



経路積分

Lorentz型 Quantum Regge Calculus

<latexit sha1_base64="laYITyzVzxZXUygf0xkSoowZn2c=">AAACFXicbVDLSsNAFJ34tr6qLt0MFsGFlERE3QjiA1wqWi0msUymt+3QyYOZG7GE/IQbf8WNC0XcCu78G6c1C60eGDiccy9z7gkSKTTa9qc1Mjo2PjE5NV2amZ2bXygvLl3qOFUcajyWsaoHTIMUEdRQoIR6ooCFgYSroHvY969uQWkRRxfYS8APWTsSLcEZGqlR3rime9QTEVIvZNjhTGZHedujcJOJ80bmIdxhdnyS527bzxvlil21B6B/iVOQCilw2ih/eM2YpyFEyCXT2nXsBP2MKRRcQl7yUg0J413WBtfQiIWg/WxwVU7XjNKkrViZZ/IN1J8bGQu17oWBmexH18NeX/zPc1Ns7fqZiJIUIeLfH7VSSTGm/YpoUyjgKHuGMK6EyUp5hynG0RRZMiU4wyf/JZebVWe7ap9tVfYPijqmyApZJevEITtkn5yQU1IjnNyTR/JMXqwH68l6td6+R0esYmeZ/IL1/gVCoZ7u</latexit>

Z =

Z
Dg eiSEH[g]



経路積分

Lorentz型 Quantum Regge Calculus

<latexit sha1_base64="laYITyzVzxZXUygf0xkSoowZn2c=">AAACFXicbVDLSsNAFJ34tr6qLt0MFsGFlERE3QjiA1wqWi0msUymt+3QyYOZG7GE/IQbf8WNC0XcCu78G6c1C60eGDiccy9z7gkSKTTa9qc1Mjo2PjE5NV2amZ2bXygvLl3qOFUcajyWsaoHTIMUEdRQoIR6ooCFgYSroHvY969uQWkRRxfYS8APWTsSLcEZGqlR3rime9QTEVIvZNjhTGZHedujcJOJ80bmIdxhdnyS527bzxvlil21B6B/iVOQCilw2ih/eM2YpyFEyCXT2nXsBP2MKRRcQl7yUg0J413WBtfQiIWg/WxwVU7XjNKkrViZZ/IN1J8bGQu17oWBmexH18NeX/zPc1Ns7fqZiJIUIeLfH7VSSTGm/YpoUyjgKHuGMK6EyUp5hynG0RRZMiU4wyf/JZebVWe7ap9tVfYPijqmyApZJevEITtkn5yQU1IjnNyTR/JMXqwH68l6td6+R0esYmeZ/IL1/gVCoZ7u</latexit>

Z =

Z
Dg eiSEH[g]

離散化 

<latexit sha1_base64="H9HRWAlfNnPV0y+D/QRhAXgor70=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIi6rLoxmVF+4AkLZPpTTt08mBmItQQ/BU3LhRx63+482+ctllo64ELh3Pu5d57/IQzqSzr21haXlldWy9tlDe3tnd2zb39loxTQaFJYx6Ljk8kcBZBUzHFoZMIIKHPoe2Prid++wGEZHF0r8YJeCEZRCxglCgt9cxD6GbsznEz7ALn3Rp2cy/vmRWrak2BF4ldkAoq0OiZX24/pmkIkaKcSOnYVqK8jAjFKIe87KYSEkJHZACOphEJQXrZ9Pocn2ilj4NY6IoUnqq/JzISSjkOfd0ZEjWU895E/M9zUhVcehmLklRBRGeLgpRjFeNJFLjPBFDFx5oQKpi+FdMhEYQqHVhZh2DPv7xIWrWqfV61bs8q9asijhI6QsfoFNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMWtdMoqZA/QHxucPuJKUwA==</latexit>

eiS[{`2}]

fを選ぶ

<latexit sha1_base64="ctTpFY82QrrhWUDplqzvRAZK71k="></latexit>

⇥(constraints) f(`21, `
2
2, · · · )

Y

e2edges

d`2e

<latexit sha1_base64="6RqdirvljkCcKA2bVFtkFhEoIQc="></latexit>

⇥(constraints)
Y

�

(V�)
�

Y

e2edges

d`2e



因果律 (Causality) をどう考えるか？

Lorentz型 Quantum Regge Calculus

(i) hinge causality（hingeに直交する２次元⾯に光線４本）

cf. locally causal dynamical triangulations [Roll-Ruijl, 2015]

各頂点に4本の光線

閉じた時間的曲線の存在は禁⽌されない

(ii) ⼤域的双曲性

各頂点に4本の光線
かつ

閉じた時間的曲線はない

：空間的辺
：時間的辺



以降は論⽂未投稿のため
共有版で削除しました
（すみません…）


