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Talk in a nutshell

Coarse graining with SU(1, 1) techniques:

Why is it interesting?

Renormalisation necessary in QFT

Largely ignored in LQG / LQC (complicated!)

Analytically tractable models are welcome

What do we do?

Coarse graining for cosmological spacetimes

Technical basis: su(1, 1) algebra

Everything works on (copies of) LQC Hilbert space

What is new?

Analytic “many small” to “few large” spin coarse graining

Renormalised large spin Hamiltonian capturing small spin physics

Example of error made when neglecting renormalisation
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Coarse graining in LQC
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refine
<latexit sha1_base64="JXtkL18lXuC+oh/O5qIXd6Cg8g8=">AAAB9HicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2KJn0ThuayYzJnWIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXjCTENo49NeueJW3TnoKvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iWuqmBhPERG0DHUsUiMH42P3pKz6zSp2Gs7VNI5+rvRMYiYyZRYCcjhkOz7M3E/7xOiuG1nwmVpAiKLxaFqaQY01kDtC80cJQTSxjXwt5K+ZBpxtH2VLIleMtfXiXNi6rnVr37y0rtJq+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WowUnzxyTP3A+fwB+l5KO</latexit><latexit sha1_base64="JXtkL18lXuC+oh/O5qIXd6Cg8g8=">AAAB9HicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2KJn0ThuayYzJnWIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXjCTENo49NeueJW3TnoKvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iWuqmBhPERG0DHUsUiMH42P3pKz6zSp2Gs7VNI5+rvRMYiYyZRYCcjhkOz7M3E/7xOiuG1nwmVpAiKLxaFqaQY01kDtC80cJQTSxjXwt5K+ZBpxtH2VLIleMtfXiXNi6rnVr37y0rtJq+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WowUnzxyTP3A+fwB+l5KO</latexit><latexit sha1_base64="JXtkL18lXuC+oh/O5qIXd6Cg8g8=">AAAB9HicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2KJn0ThuayYzJnWIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXjCTENo49NeueJW3TnoKvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iWuqmBhPERG0DHUsUiMH42P3pKz6zSp2Gs7VNI5+rvRMYiYyZRYCcjhkOz7M3E/7xOiuG1nwmVpAiKLxaFqaQY01kDtC80cJQTSxjXwt5K+ZBpxtH2VLIleMtfXiXNi6rnVr37y0rtJq+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WowUnzxyTP3A+fwB+l5KO</latexit><latexit sha1_base64="JXtkL18lXuC+oh/O5qIXd6Cg8g8=">AAAB9HicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2KJn0ThuayYzJnWIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXjCTENo49NeueJW3TnoKvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iWuqmBhPERG0DHUsUiMH42P3pKz6zSp2Gs7VNI5+rvRMYiYyZRYCcjhkOz7M3E/7xOiuG1nwmVpAiKLxaFqaQY01kDtC80cJQTSxjXwt5K+ZBpxtH2VLIleMtfXiXNi6rnVr37y0rtJq+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WowUnzxyTP3A+fwB+l5KO</latexit>

coarse grain
<latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit><latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit><latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit><latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit><latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit>

N copies of LQC, each in one cell

States are the same in all cells (homogeneity)

Coarse graining via adding extensive quantities: 〈v̂〉 =
∑4

i=1 〈v̂i 〉
No interactions between cells (fixed # cells + interactions: [Wilson-Ewing ’12] )
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Coarse graining in a full theory embedding of LQC

refine
<latexit sha1_base64="JXtkL18lXuC+oh/O5qIXd6Cg8g8=">AAAB9HicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2KJn0ThuayYzJnWIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXjCTENo49NeueJW3TnoKvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iWuqmBhPERG0DHUsUiMH42P3pKz6zSp2Gs7VNI5+rvRMYiYyZRYCcjhkOz7M3E/7xOiuG1nwmVpAiKLxaFqaQY01kDtC80cJQTSxjXwt5K+ZBpxtH2VLIleMtfXiXNi6rnVr37y0rtJq+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WowUnzxyTP3A+fwB+l5KO</latexit><latexit sha1_base64="JXtkL18lXuC+oh/O5qIXd6Cg8g8=">AAAB9HicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2KJn0ThuayYzJnWIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXjCTENo49NeueJW3TnoKvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iWuqmBhPERG0DHUsUiMH42P3pKz6zSp2Gs7VNI5+rvRMYiYyZRYCcjhkOz7M3E/7xOiuG1nwmVpAiKLxaFqaQY01kDtC80cJQTSxjXwt5K+ZBpxtH2VLIleMtfXiXNi6rnVr37y0rtJq+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WowUnzxyTP3A+fwB+l5KO</latexit><latexit sha1_base64="JXtkL18lXuC+oh/O5qIXd6Cg8g8=">AAAB9HicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2KJn0ThuayYzJnWIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXjCTENo49NeueJW3TnoKvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iWuqmBhPERG0DHUsUiMH42P3pKz6zSp2Gs7VNI5+rvRMYiYyZRYCcjhkOz7M3E/7xOiuG1nwmVpAiKLxaFqaQY01kDtC80cJQTSxjXwt5K+ZBpxtH2VLIleMtfXiXNi6rnVr37y0rtJq+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WowUnzxyTP3A+fwB+l5KO</latexit><latexit sha1_base64="JXtkL18lXuC+oh/O5qIXd6Cg8g8=">AAAB9HicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2KJn0ThuayYzJnWIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXjCTENo49NeueJW3TnoKvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iWuqmBhPERG0DHUsUiMH42P3pKz6zSp2Gs7VNI5+rvRMYiYyZRYCcjhkOz7M3E/7xOiuG1nwmVpAiKLxaFqaQY01kDtC80cJQTSxjXwt5K+ZBpxtH2VLIleMtfXiXNi6rnVr37y0rtJq+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WowUnzxyTP3A+fwB+l5KO</latexit>

coarse grain
<latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit><latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit><latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit><latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit><latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit>

=<latexit sha1_base64="cZDrI38oRVt+y9Lt+FiTRjJXRas=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YFck3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd/Wanf5HEU4QRO4Rw8qEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM4I40V</latexit><latexit sha1_base64="cZDrI38oRVt+y9Lt+FiTRjJXRas=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YFck3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd/Wanf5HEU4QRO4Rw8qEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM4I40V</latexit><latexit sha1_base64="cZDrI38oRVt+y9Lt+FiTRjJXRas=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YFck3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd/Wanf5HEU4QRO4Rw8qEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM4I40V</latexit><latexit sha1_base64="cZDrI38oRVt+y9Lt+FiTRjJXRas=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YFck3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd/Wanf5HEU4QRO4Rw8qEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM4I40V</latexit> HLQC
<latexit sha1_base64="mogBRV+FSUHd/O80eo3LH9pU9kc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZfFbrpw0YJ9QBPCZDpph04ezNyIJRT8FTcuFHHrd7jzb5y0WWjrgYHDOfdyzxw/EVyBZX0bpbX1jc2t8nZlZ3dv/8A8POqqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes508aud97YFLxOLqHacLckIwiHnBKQEueeeKEBMaUCNz0HGCPkN21GzPPrFo1aw68SuyCVFGBlmd+OcOYpiGLgAqi1MC2EnAzIoFTwWYVJ1UsIXRCRmygaURCptxsHn+Gz7UyxEEs9YsAz9XfGxkJlZqGvp7Mw6plLxf/8wYpBDduxqMkBRbRxaEgFRhinHeBh1wyCmKqCaGS66yYjokkFHRjFV2CvfzlVdK9rNlWzW5fVeu3RR1ldIrO0AWy0TWqoyZqoQ6iKEPP6BW9GU/Gi/FufCxGS0axc4z+wPj8Ae1nlXM=</latexit><latexit sha1_base64="mogBRV+FSUHd/O80eo3LH9pU9kc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZfFbrpw0YJ9QBPCZDpph04ezNyIJRT8FTcuFHHrd7jzb5y0WWjrgYHDOfdyzxw/EVyBZX0bpbX1jc2t8nZlZ3dv/8A8POqqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes508aud97YFLxOLqHacLckIwiHnBKQEueeeKEBMaUCNz0HGCPkN21GzPPrFo1aw68SuyCVFGBlmd+OcOYpiGLgAqi1MC2EnAzIoFTwWYVJ1UsIXRCRmygaURCptxsHn+Gz7UyxEEs9YsAz9XfGxkJlZqGvp7Mw6plLxf/8wYpBDduxqMkBRbRxaEgFRhinHeBh1wyCmKqCaGS66yYjokkFHRjFV2CvfzlVdK9rNlWzW5fVeu3RR1ldIrO0AWy0TWqoyZqoQ6iKEPP6BW9GU/Gi/FufCxGS0axc4z+wPj8Ae1nlXM=</latexit><latexit sha1_base64="mogBRV+FSUHd/O80eo3LH9pU9kc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZfFbrpw0YJ9QBPCZDpph04ezNyIJRT8FTcuFHHrd7jzb5y0WWjrgYHDOfdyzxw/EVyBZX0bpbX1jc2t8nZlZ3dv/8A8POqqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes508aud97YFLxOLqHacLckIwiHnBKQEueeeKEBMaUCNz0HGCPkN21GzPPrFo1aw68SuyCVFGBlmd+OcOYpiGLgAqi1MC2EnAzIoFTwWYVJ1UsIXRCRmygaURCptxsHn+Gz7UyxEEs9YsAz9XfGxkJlZqGvp7Mw6plLxf/8wYpBDduxqMkBRbRxaEgFRhinHeBh1wyCmKqCaGS66yYjokkFHRjFV2CvfzlVdK9rNlWzW5fVeu3RR1ldIrO0AWy0TWqoyZqoQ6iKEPP6BW9GU/Gi/FufCxGS0axc4z+wPj8Ae1nlXM=</latexit><latexit sha1_base64="mogBRV+FSUHd/O80eo3LH9pU9kc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZfFbrpw0YJ9QBPCZDpph04ezNyIJRT8FTcuFHHrd7jzb5y0WWjrgYHDOfdyzxw/EVyBZX0bpbX1jc2t8nZlZ3dv/8A8POqqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes508aud97YFLxOLqHacLckIwiHnBKQEueeeKEBMaUCNz0HGCPkN21GzPPrFo1aw68SuyCVFGBlmd+OcOYpiGLgAqi1MC2EnAzIoFTwWYVJ1UsIXRCRmygaURCptxsHn+Gz7UyxEEs9YsAz9XfGxkJlZqGvp7Mw6plLxf/8wYpBDduxqMkBRbRxaEgFRhinHeBh1wyCmKqCaGS66yYjokkFHRjFV2CvfzlVdK9rNlWzW5fVeu3RR1ldIrO0AWy0TWqoyZqoQ6iKEPP6BW9GU/Gi/FufCxGS0axc4z+wPj8Ae1nlXM=</latexit>

N vertices, each associated with one cell

States are the same at all vertices (homogeneity, similar to GFT condensate)

Coarse graining via adding extensive quantities: 〈v̂〉 =
∑4

i=1 〈v̂i 〉
No interactions between cells (inhomogeneous operators are weakly zero)

LQC-type variables:

refine
<latexit sha1_base64="JXtkL18lXuC+oh/O5qIXd6Cg8g8=">AAAB9HicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2KJn0ThuayYzJnWIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXjCTENo49NeueJW3TnoKvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iWuqmBhPERG0DHUsUiMH42P3pKz6zSp2Gs7VNI5+rvRMYiYyZRYCcjhkOz7M3E/7xOiuG1nwmVpAiKLxaFqaQY01kDtC80cJQTSxjXwt5K+ZBpxtH2VLIleMtfXiXNi6rnVr37y0rtJq+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WowUnzxyTP3A+fwB+l5KO</latexit><latexit sha1_base64="JXtkL18lXuC+oh/O5qIXd6Cg8g8=">AAAB9HicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2KJn0ThuayYzJnWIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXjCTENo49NeueJW3TnoKvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iWuqmBhPERG0DHUsUiMH42P3pKz6zSp2Gs7VNI5+rvRMYiYyZRYCcjhkOz7M3E/7xOiuG1nwmVpAiKLxaFqaQY01kDtC80cJQTSxjXwt5K+ZBpxtH2VLIleMtfXiXNi6rnVr37y0rtJq+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WowUnzxyTP3A+fwB+l5KO</latexit><latexit sha1_base64="JXtkL18lXuC+oh/O5qIXd6Cg8g8=">AAAB9HicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2KJn0ThuayYzJnWIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXjCTENo49NeueJW3TnoKvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iWuqmBhPERG0DHUsUiMH42P3pKz6zSp2Gs7VNI5+rvRMYiYyZRYCcjhkOz7M3E/7xOiuG1nwmVpAiKLxaFqaQY01kDtC80cJQTSxjXwt5K+ZBpxtH2VLIleMtfXiXNi6rnVr37y0rtJq+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WowUnzxyTP3A+fwB+l5KO</latexit><latexit sha1_base64="JXtkL18lXuC+oh/O5qIXd6Cg8g8=">AAAB9HicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2KJn0ThuayYzJnWIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXjCTENo49NeueJW3TnoKvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iWuqmBhPERG0DHUsUiMH42P3pKz6zSp2Gs7VNI5+rvRMYiYyZRYCcjhkOz7M3E/7xOiuG1nwmVpAiKLxaFqaQY01kDtC80cJQTSxjXwt5K+ZBpxtH2VLIleMtfXiXNi6rnVr37y0rtJq+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WowUnzxyTP3A+fwB+l5KO</latexit>

coarse grain
<latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit><latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit><latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit><latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit><latexit sha1_base64="/0j1TtOV8zfngGl2WcZBhWsxsU0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Argh6DXjxGMA9IljA76U2GzM4uM71iWOKvePGgiFc/xJt/4+Rx0MSChqKqm+6uMJXCoOd9O4W19Y3NreJ2aWd3b//APTxqmiTTHBo8kYluh8yAFAoaKFBCO9XA4lBCKxzdTP3WA2gjEnWP4xSCmA2UiARnaKWeW+4iPGLOE6YN0IFmQk16bsWrejPQVeIvSIUsUO+5X91+wrMYFHLJjOn4XopBzjQKLmFS6mYGUsZHbAAdSxWLwQT57PgJPbVKn0aJtqWQztTfEzmLjRnHoe2MGQ7NsjcV//M6GUZXQS5UmiEoPl8UZZJiQqdJ0L7QwFGOLWFcC3sr5UOmGUebV8mG4C+/vEqa51Xfq/p3F5Xa9SKOIjkmJ+SM+OSS1MgtqZMG4WRMnskreXOenBfn3fmYtxacxUyZ/IHz+QNS2pUw</latexit>

=<latexit sha1_base64="cZDrI38oRVt+y9Lt+FiTRjJXRas=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YFck3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd/Wanf5HEU4QRO4Rw8qEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM4I40V</latexit><latexit sha1_base64="cZDrI38oRVt+y9Lt+FiTRjJXRas=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YFck3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd/Wanf5HEU4QRO4Rw8qEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM4I40V</latexit><latexit sha1_base64="cZDrI38oRVt+y9Lt+FiTRjJXRas=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YFck3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd/Wanf5HEU4QRO4Rw8qEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM4I40V</latexit><latexit sha1_base64="cZDrI38oRVt+y9Lt+FiTRjJXRas=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YFck3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd/Wanf5HEU4QRO4Rw8qEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM4I40V</latexit> HLQC
<latexit sha1_base64="mogBRV+FSUHd/O80eo3LH9pU9kc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZfFbrpw0YJ9QBPCZDpph04ezNyIJRT8FTcuFHHrd7jzb5y0WWjrgYHDOfdyzxw/EVyBZX0bpbX1jc2t8nZlZ3dv/8A8POqqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes508aud97YFLxOLqHacLckIwiHnBKQEueeeKEBMaUCNz0HGCPkN21GzPPrFo1aw68SuyCVFGBlmd+OcOYpiGLgAqi1MC2EnAzIoFTwWYVJ1UsIXRCRmygaURCptxsHn+Gz7UyxEEs9YsAz9XfGxkJlZqGvp7Mw6plLxf/8wYpBDduxqMkBRbRxaEgFRhinHeBh1wyCmKqCaGS66yYjokkFHRjFV2CvfzlVdK9rNlWzW5fVeu3RR1ldIrO0AWy0TWqoyZqoQ6iKEPP6BW9GU/Gi/FufCxGS0axc4z+wPj8Ae1nlXM=</latexit><latexit sha1_base64="mogBRV+FSUHd/O80eo3LH9pU9kc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZfFbrpw0YJ9QBPCZDpph04ezNyIJRT8FTcuFHHrd7jzb5y0WWjrgYHDOfdyzxw/EVyBZX0bpbX1jc2t8nZlZ3dv/8A8POqqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes508aud97YFLxOLqHacLckIwiHnBKQEueeeKEBMaUCNz0HGCPkN21GzPPrFo1aw68SuyCVFGBlmd+OcOYpiGLgAqi1MC2EnAzIoFTwWYVJ1UsIXRCRmygaURCptxsHn+Gz7UyxEEs9YsAz9XfGxkJlZqGvp7Mw6plLxf/8wYpBDduxqMkBRbRxaEgFRhinHeBh1wyCmKqCaGS66yYjokkFHRjFV2CvfzlVdK9rNlWzW5fVeu3RR1ldIrO0AWy0TWqoyZqoQ6iKEPP6BW9GU/Gi/FufCxGS0axc4z+wPj8Ae1nlXM=</latexit><latexit sha1_base64="mogBRV+FSUHd/O80eo3LH9pU9kc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZfFbrpw0YJ9QBPCZDpph04ezNyIJRT8FTcuFHHrd7jzb5y0WWjrgYHDOfdyzxw/EVyBZX0bpbX1jc2t8nZlZ3dv/8A8POqqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes508aud97YFLxOLqHacLckIwiHnBKQEueeeKEBMaUCNz0HGCPkN21GzPPrFo1aw68SuyCVFGBlmd+OcOYpiGLgAqi1MC2EnAzIoFTwWYVJ1UsIXRCRmygaURCptxsHn+Gz7UyxEEs9YsAz9XfGxkJlZqGvp7Mw6plLxf/8wYpBDduxqMkBRbRxaEgFRhinHeBh1wyCmKqCaGS66yYjokkFHRjFV2CvfzlVdK9rNlWzW5fVeu3RR1ldIrO0AWy0TWqoyZqoQ6iKEPP6BW9GU/Gi/FufCxGS0axc4z+wPj8Ae1nlXM=</latexit><latexit sha1_base64="mogBRV+FSUHd/O80eo3LH9pU9kc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZfFbrpw0YJ9QBPCZDpph04ezNyIJRT8FTcuFHHrd7jzb5y0WWjrgYHDOfdyzxw/EVyBZX0bpbX1jc2t8nZlZ3dv/8A8POqqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes508aud97YFLxOLqHacLckIwiHnBKQEueeeKEBMaUCNz0HGCPkN21GzPPrFo1aw68SuyCVFGBlmd+OcOYpiGLgAqi1MC2EnAzIoFTwWYVJ1UsIXRCRmygaURCptxsHn+Gz7UyxEEs9YsAz9XfGxkJlZqGvp7Mw6plLxf/8wYpBDduxqMkBRbRxaEgFRhinHeBh1wyCmKqCaGS66yYjokkFHRjFV2CvfzlVdK9rNlWzW5fVeu3RR1ldIrO0AWy0TWqoyZqoQ6iKEPP6BW9GU/Gi/FufCxGS0axc4z+wPj8Ae1nlXM=</latexit>

[NB ’15, ’16 (Warsaw years)]

6



Outline

1 Coarse graining in LQC

2 SU(1,1) techniques

3 Implementation on the LQC Hilbert space

4 Error estimation of non-renormalised dynamics

5 Concluscion

7



Setup of SU(1,1) group quantisation techniques
[LQC application: Dupuis, Livine ’12; Ben Achour, Livine ’17-’19]

SU(1,1) reminder

(Poisson-)Algebra: {kx , ky} = −jz , {ky , jz} = kx , {jz , kx} = ky

Representations: j = 1
2
, 1, 3

2
, . . . quantum numbers: m = j , j + 1, j + 2, . . .

Requirements

Poisson-algebra of observables to be quantised isomorphic to su(1,1)

Dynamics generated by linear combinations of algebra generators

All 3 observables are extensive, e.g. CVH algebra

Basic strategy

Quantisation as su(1,1) generators in representation j

m ∝ volume, j = lower volume cutoff = RG-scale
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Coherent states

Operators and Hilbert space: representation j ∈ N/2, q-number m ∈ j , j + 1, . . .

ĵz |j ,m〉 = m |j ,m〉 , k̂± |j ,m〉 ∝ |j ,m ± 1〉 , k± = kx ± iky

Perelomov coherent states

|j , z〉 ∝
∞∑
m=j

√√√√(m + j − 1

m − j

)
(z1)m−j

(z̄0)m+j
|j ,m〉 , z0, z1 ∈ C2

Expectation values

〈j , z | ĝ | j , z〉 = j · fg (z), ĝ = cz ĵz + c±k̂±

→ Suggests coarse graining operation: j 7→ Nj extensive scale

z 7→ z intensive state
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Example coarse graining: j = 1 7→ j = 4
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Higher moments and matrix elements

Coarse graining exact eigenvalues and their probabilities

N × (j + N0) = N × j + N0, PNj(m) =
∑

∑
mi=m

∏
i

Pj(mi )

Coarse graining exact for all higher moments〈
ĵnα

〉
j

=
〈(

ĵα,1 + . . .+ ĵα,N
)n〉

j0,1,...,N

=
n∑

r1,...,rj=0:
n=r1+...+rj

n!

r1!r2! . . . rj !

〈
ĵ r1α

〉
j0
. . .
〈
ĵ
rj
α

〉
j0

=
n∑

m=1

N!

(N −m)!

∑
1≤k1≤...≤km :
n=k1+...+km

n!

k1!k2! . . . km!

n∏
p=1

1

(#ki = p)!

〈
ĵpα

〉(#ki=p)

j0
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Dynamics and coarse graining

Coherent state property

U |j , z〉 = |j ,U · z〉 ∀ U ∈ SU(1, 1)

Dynamics generated by su(1, 1) element ⇒ acts only on intensive state

Dynamics is j-independent ⇒ commutes with coarse graining
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Strategy

Up to now:

Quantise classical su(1, 1) Poisson-algebra

su(1,1) representations not in terms of fundamental LQC operators

Goal:

Implement on N copies of HLQC

Start with v̂ and ê inλb as operators, n ∈ Z, λ ∝ β3/2

Find 1-parameter family of operators reproducing su(1, 1) algebra (rep. j)
[Null representation: Livine, Ben Achour ’19]

Read off renormalised gravitational Hamiltonian
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su(1,1) from LQC operators

Regularised CVH algebra:

ĵz =
v̂

2λ
volume eigenvalues: 2λm

Ĥg = − 1

2λ2
̂sin (λb)

√
v̂ 2 − ṽ 2

m
̂sin (λb) suggested by minimal volume

Ĉ = −i
[
v̂ , Ĥg

]
=

1

2λ

[
̂cos (λb)

√
v̂ 2 − ṽ 2

m
̂sin (λb) + ̂sin (λb)

√
v̂ 2 − ṽ 2

m
̂cos (λb)

]

su(1,1) algebra:

k̂x =
1

2λ

[
4λ2Ĥg +

1

2

(√
. . .+

√
. . .
)]
, k̂y = Ĉ , ĵz =

1

2λ
v̂

Representation via Casimir operator:

Ĉ |2λm〉 !
= j(j − 1) |2λm〉 ⇒ ṽm = 2λ

(
j − 1

2

)
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Ĥg = − 1

2λ2
̂sin (λb)

√
v̂ 2 − ṽ 2
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Ĥg = − 1

2λ2
̂sin (λb)

√
v̂ 2 − ṽ 2
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Ĉ = −i
[
v̂ , Ĥg
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Renormalised Hamiltonian

Reminder

Action of algebra generators commutes with coarse graining

Hg = 1
2λ

(kx − jz) classically

Renormalised Hamiltonian:

Ĥ renormalised
g (j) =

1

2λ
(k̂x − ĵz)

=− 1

2λ2
̂sin (λb)

√
v̂ 2 − 4λ2(j − 1/2)2 ̂sin (λb)

+
1

8λ2

(√
(v̂ + λ)2 − 4λ2(j − 1/2)2 +

√
(v̂ − λ)2 − 4λ2(j − 1/2)2 − 2v̂

)

No corrections for j = 1/2

Small volume corrections for j > 1/2

Hamiltonian preserves v ∈ (2j + N0)λ subspaces
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Bounce-volume dependence of the critical density I

Non-graph changing: volume at bounce time = renormalisation scale

All Perelomov coherent states evolved with Ĥ ren.
g (j), e.g. j = 1

2

〈
Ĥ ren.
g

〉
= − j

2λ

1

α
, 〈v(tb)〉 = λj

1 + α2

α
≥ 2λj

ρb =

〈
Ĥ ren.
g

〉
〈v(tb)〉

=
1

2λ2

1

1 + α2
≤ 1

2λ2

α = Re
(

z̄0+z1

z̄0−z1

)
(t = 0)
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Bounce-volume dependence of the critical density II

0.0 0.2 0.4 0.6 0.8 1.0

Α

0.5

1.0

1.5

2.0

2.5 — vbounce
vmin

— ρbounce
ρcrit., eff.

1
2λ2

1
4λ2

2λj
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Conclusion

What has been done

Analytic coarse graining for homogeneous and isotropic spacetimes

Renormalised Hamiltonian obtained

Error estimate for critical density when neglecting renormalisation

Take-away lessons

The result itself is not surprising!

Possibility of analytic treatment is surprising

Low spin physics may be different from effective equations

Outlook:

Generalise, generalise, generalise...

�� ��Thank you for your attention!
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Happy Birthday!

Ĥ ren.
g (j)

=− 1

2λ2
̂sin (λb)

√
v̂ 2 − 4λ2(j − 1/2)2 ̂sin (λb)

+
1

8λ2

(√
(v̂ + λ)2 − 4λ2(j − 1/2)2 +

√
(v̂ − λ)2 − 4λ2(j − 1/2)2 − 2v̂

)
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