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Zoom-in simulation of a star-forming barred spiral galaxy at z=2 

The simulation code
- Assumed code: GADGET 3 (Springel et al., 2001; Kobayashi et al., 2007)
- Chemical enrichment and thermal energetic feedback by core-collapse Supernovae + hypernovae + 

Type Ia Supernovae + AGB stars

Zoom-in simulation
NDM = Ngas ~ 5 x 106

Mgas,res ~ 9.9 x 104 M⊙/h
MDM,res ~ 5.4 x 105 M⊙/h

Parent cosmological 
hydrodynamical simulation

NDM = Ngas ~ 2 x 106

Mgas,res ~ 6.3 x 106 M⊙/h
MDM,res ~ 3.5 x 107 M⊙/h
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developed using MUSIC (Hahn & Abel, 2011)
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Zoom-in simulation of a star-forming barred spiral galaxy at z=2 
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SFR(z = 2) ⇡ 8.5 M� yr�1
<latexit sha1_base64="FQF6bw+0d/cjvxvjLk4Vv9tMdl4="></latexit><latexit sha1_base64="FQF6bw+0d/cjvxvjLk4Vv9tMdl4="></latexit><latexit sha1_base64="FQF6bw+0d/cjvxvjLk4Vv9tMdl4="></latexit><latexit sha1_base64="FQF6bw+0d/cjvxvjLk4Vv9tMdl4="></latexit>

M?(z = 2) ⇡ 4⇥ 1010 M�
<latexit sha1_base64="YirK9Wi3dneIJqDLBQFN12UIR80="></latexit><latexit sha1_base64="YirK9Wi3dneIJqDLBQFN12UIR80="></latexit><latexit sha1_base64="YirK9Wi3dneIJqDLBQFN12UIR80="></latexit><latexit sha1_base64="YirK9Wi3dneIJqDLBQFN12UIR80="></latexit>

Mgas(z = 2) ⇡ 9⇥ 109 M�
<latexit sha1_base64="DPFFfPwHso1EX61Tw9E/u/GmqCg="></latexit><latexit sha1_base64="DPFFfPwHso1EX61Tw9E/u/GmqCg="></latexit><latexit sha1_base64="DPFFfPwHso1EX61Tw9E/u/GmqCg="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="QTg3fOzMCeG/FOyY4+Ut5qGhGZ0=">AAACGnicbZBNS8NAEIYnflurRq9eFotQLyXxoqKC4MWLoGA/oKlls922i5ts2J2INeTPePGvePGgiOC/cftx0NYXFh7emWF23jCRwqDnfTtz8wuLS8srq4W14vrGprtVrBmVasarTEmlGyE1XIqYV1Gg5I1EcxqFktfD+4thvf7AtREqvsVBwlsR7cWiKxhFa7Xd06t2FiB/xKxHTZ6Xn84O9klAk0SrR3IcoIi4Ib53lx3nwcm48Sq3I6qjMG+7Ja/ijURmwZ9ACSa6brsfQUexNOIxMkmNafpegq2MahRM8rwQpIYnlN3THm9ajKnd3spGV+Zkzzod0lXavhjJyP09kdHImEEU2s6IYt9M14bmf7Vmit2jVibiJEUes/GibioJKjKMjHSE5gzlwAJlWti/EtanmjK0wRZsCP70ybNQO6j4lm88WIEd2IUy+HAI53AJ11AFBs/wCu/w4bw4b87nOK45Z5LbNvyR8/UD8IikCA==</latexit><latexit sha1_base64="QTg3fOzMCeG/FOyY4+Ut5qGhGZ0=">AAACGnicbZBNS8NAEIYnflurRq9eFotQLyXxoqKC4MWLoGA/oKlls922i5ts2J2INeTPePGvePGgiOC/cftx0NYXFh7emWF23jCRwqDnfTtz8wuLS8srq4W14vrGprtVrBmVasarTEmlGyE1XIqYV1Gg5I1EcxqFktfD+4thvf7AtREqvsVBwlsR7cWiKxhFa7Xd06t2FiB/xKxHTZ6Xn84O9klAk0SrR3IcoIi4Ib53lx3nwcm48Sq3I6qjMG+7Ja/ijURmwZ9ACSa6brsfQUexNOIxMkmNafpegq2MahRM8rwQpIYnlN3THm9ajKnd3spGV+Zkzzod0lXavhjJyP09kdHImEEU2s6IYt9M14bmf7Vmit2jVibiJEUes/GibioJKjKMjHSE5gzlwAJlWti/EtanmjK0wRZsCP70ybNQO6j4lm88WIEd2IUy+HAI53AJ11AFBs/wCu/w4bw4b87nOK45Z5LbNvyR8/UD8IikCA==</latexit><latexit sha1_base64="8TjaBz2oi/Tg/vU7uHfIrqGWJS0="></latexit><latexit sha1_base64="DPFFfPwHso1EX61Tw9E/u/GmqCg="></latexit><latexit sha1_base64="DPFFfPwHso1EX61Tw9E/u/GmqCg="></latexit><latexit sha1_base64="DPFFfPwHso1EX61Tw9E/u/GmqCg="></latexit><latexit sha1_base64="DPFFfPwHso1EX61Tw9E/u/GmqCg="></latexit><latexit sha1_base64="DPFFfPwHso1EX61Tw9E/u/GmqCg="></latexit><latexit sha1_base64="DPFFfPwHso1EX61Tw9E/u/GmqCg="></latexit>

Galaxy properties at z=2
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z = 2.7
<latexit sha1_base64="XBaQOaGIa/83KQHsQnbPnh/9TmA=">AAAB7HicbZBNSwMxEIZn/az1q+rRS7AInspuEepFKHrxWMFtC+1SsulsG5rNLklWqKW/wYsHRbz6g7z5b0zbPWjrC4GHd2bIzBumgmvjut/O2vrG5tZ2Yae4u7d/cFg6Om7qJFMMfZaIRLVDqlFwib7hRmA7VUjjUGArHN3O6q1HVJon8sGMUwxiOpA84owaa/lP19VKrVcquxV3LrIKXg5lyNXolb66/YRlMUrDBNW647mpCSZUGc4ETovdTGNK2YgOsGNR0hh1MJkvOyXn1umTKFH2SUPm7u+JCY21Hseh7YypGerl2sz8r9bJTHQVTLhMM4OSLT6KMkFMQmaXkz5XyIwYW6BMcbsrYUOqKDM2n6INwVs+eRWa1Ypn+f6yXL/J4yjAKZzBBXhQgzrcQQN8YMDhGV7hzZHOi/PufCxa15x85gT+yPn8AcF+jfo=</latexit><latexit sha1_base64="XBaQOaGIa/83KQHsQnbPnh/9TmA=">AAAB7HicbZBNSwMxEIZn/az1q+rRS7AInspuEepFKHrxWMFtC+1SsulsG5rNLklWqKW/wYsHRbz6g7z5b0zbPWjrC4GHd2bIzBumgmvjut/O2vrG5tZ2Yae4u7d/cFg6Om7qJFMMfZaIRLVDqlFwib7hRmA7VUjjUGArHN3O6q1HVJon8sGMUwxiOpA84owaa/lP19VKrVcquxV3LrIKXg5lyNXolb66/YRlMUrDBNW647mpCSZUGc4ETovdTGNK2YgOsGNR0hh1MJkvOyXn1umTKFH2SUPm7u+JCY21Hseh7YypGerl2sz8r9bJTHQVTLhMM4OSLT6KMkFMQmaXkz5XyIwYW6BMcbsrYUOqKDM2n6INwVs+eRWa1Ypn+f6yXL/J4yjAKZzBBXhQgzrcQQN8YMDhGV7hzZHOi/PufCxa15x85gT+yPn8AcF+jfo=</latexit><latexit sha1_base64="XBaQOaGIa/83KQHsQnbPnh/9TmA=">AAAB7HicbZBNSwMxEIZn/az1q+rRS7AInspuEepFKHrxWMFtC+1SsulsG5rNLklWqKW/wYsHRbz6g7z5b0zbPWjrC4GHd2bIzBumgmvjut/O2vrG5tZ2Yae4u7d/cFg6Om7qJFMMfZaIRLVDqlFwib7hRmA7VUjjUGArHN3O6q1HVJon8sGMUwxiOpA84owaa/lP19VKrVcquxV3LrIKXg5lyNXolb66/YRlMUrDBNW647mpCSZUGc4ETovdTGNK2YgOsGNR0hh1MJkvOyXn1umTKFH2SUPm7u+JCY21Hseh7YypGerl2sz8r9bJTHQVTLhMM4OSLT6KMkFMQmaXkz5XyIwYW6BMcbsrYUOqKDM2n6INwVs+eRWa1Ypn+f6yXL/J4yjAKZzBBXhQgzrcQQN8YMDhGV7hzZHOi/PufCxa15x85gT+yPn8AcF+jfo=</latexit><latexit sha1_base64="XBaQOaGIa/83KQHsQnbPnh/9TmA=">AAAB7HicbZBNSwMxEIZn/az1q+rRS7AInspuEepFKHrxWMFtC+1SsulsG5rNLklWqKW/wYsHRbz6g7z5b0zbPWjrC4GHd2bIzBumgmvjut/O2vrG5tZ2Yae4u7d/cFg6Om7qJFMMfZaIRLVDqlFwib7hRmA7VUjjUGArHN3O6q1HVJon8sGMUwxiOpA84owaa/lP19VKrVcquxV3LrIKXg5lyNXolb66/YRlMUrDBNW647mpCSZUGc4ETovdTGNK2YgOsGNR0hh1MJkvOyXn1umTKFH2SUPm7u+JCY21Hseh7YypGerl2sz8r9bJTHQVTLhMM4OSLT6KMkFMQmaXkz5XyIwYW6BMcbsrYUOqKDM2n6INwVs+eRWa1Ypn+f6yXL/J4yjAKZzBBXhQgzrcQQN8YMDhGV7hzZHOi/PufCxa15x85gT+yPn8AcF+jfo=</latexit>
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<latexit sha1_base64="8aP2ZL6IyJT4pepp3WAUXzu4ozA=">AAAB7HicbZBNSwMxEIZn/az1q+rRS7AInspuEfUiFL14rOC2hXYp2TTbhmazSzIr1NLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TKQy67rezsrq2vrFZ2Cpu7+zu7ZcODhsmyTTjPktkolshNVwKxX0UKHkr1ZzGoeTNcHg7rTcfuTYiUQ84SnkQ074SkWAUreU/XVcrF91S2a24M5Fl8HIoQ656t/TV6SUsi7lCJqkxbc9NMRhTjYJJPil2MsNTyoa0z9sWFY25CcazZSfk1Do9EiXaPoVk5v6eGNPYmFEc2s6Y4sAs1qbmf7V2htFVMBYqzZArNv8oyiTBhEwvJz2hOUM5skCZFnZXwgZUU4Y2n6INwVs8eRka1Ypn+f68XLvJ4yjAMZzAGXhwCTW4gzr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8kfP5A7/6jfk=</latexit><latexit sha1_base64="8aP2ZL6IyJT4pepp3WAUXzu4ozA=">AAAB7HicbZBNSwMxEIZn/az1q+rRS7AInspuEfUiFL14rOC2hXYp2TTbhmazSzIr1NLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TKQy67rezsrq2vrFZ2Cpu7+zu7ZcODhsmyTTjPktkolshNVwKxX0UKHkr1ZzGoeTNcHg7rTcfuTYiUQ84SnkQ074SkWAUreU/XVcrF91S2a24M5Fl8HIoQ656t/TV6SUsi7lCJqkxbc9NMRhTjYJJPil2MsNTyoa0z9sWFY25CcazZSfk1Do9EiXaPoVk5v6eGNPYmFEc2s6Y4sAs1qbmf7V2htFVMBYqzZArNv8oyiTBhEwvJz2hOUM5skCZFnZXwgZUU4Y2n6INwVs8eRka1Ypn+f68XLvJ4yjAMZzAGXhwCTW4gzr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8kfP5A7/6jfk=</latexit><latexit sha1_base64="8aP2ZL6IyJT4pepp3WAUXzu4ozA=">AAAB7HicbZBNSwMxEIZn/az1q+rRS7AInspuEfUiFL14rOC2hXYp2TTbhmazSzIr1NLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TKQy67rezsrq2vrFZ2Cpu7+zu7ZcODhsmyTTjPktkolshNVwKxX0UKHkr1ZzGoeTNcHg7rTcfuTYiUQ84SnkQ074SkWAUreU/XVcrF91S2a24M5Fl8HIoQ656t/TV6SUsi7lCJqkxbc9NMRhTjYJJPil2MsNTyoa0z9sWFY25CcazZSfk1Do9EiXaPoVk5v6eGNPYmFEc2s6Y4sAs1qbmf7V2htFVMBYqzZArNv8oyiTBhEwvJz2hOUM5skCZFnZXwgZUU4Y2n6INwVs8eRka1Ypn+f68XLvJ4yjAMZzAGXhwCTW4gzr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8kfP5A7/6jfk=</latexit><latexit sha1_base64="8aP2ZL6IyJT4pepp3WAUXzu4ozA=">AAAB7HicbZBNSwMxEIZn/az1q+rRS7AInspuEfUiFL14rOC2hXYp2TTbhmazSzIr1NLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TKQy67rezsrq2vrFZ2Cpu7+zu7ZcODhsmyTTjPktkolshNVwKxX0UKHkr1ZzGoeTNcHg7rTcfuTYiUQ84SnkQ074SkWAUreU/XVcrF91S2a24M5Fl8HIoQ656t/TV6SUsi7lCJqkxbc9NMRhTjYJJPil2MsNTyoa0z9sWFY25CcazZSfk1Do9EiXaPoVk5v6eGNPYmFEc2s6Y4sAs1qbmf7V2htFVMBYqzZArNv8oyiTBhEwvJz2hOUM5skCZFnZXwgZUU4Y2n6INwVs8eRka1Ypn+f68XLvJ4yjAMZzAGXhwCTW4gzr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8kfP5A7/6jfk=</latexit>
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<latexit sha1_base64="LU6styRmDrWll1ClnaiNGEm36nI=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2S0EvQtGLxwpuK7RLyabZNjSbXZJZoZb+Bi8eFPHqD/LmvzFt96CtLwQe3pkhM2+YSmHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZJNOM+yyRiX4IqeFSKO6jQMkfUs1pHEreDkc3s3r7kWsjEnWP45QHMR0oEQlG0Vr+01WtWu+VK27VnYusgpdDBXI1e+Wvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xqGjMTTCZLzslZ9bpkyjR9ikkc/f3xITGxozj0HbGFIdmuTYz/6t1Mowug4lQaYZcscVHUSYJJmR2OekLzRnKsQXKtLC7EjakmjK0+ZRsCN7yyavQqlU9y3f1SuM6j6MIJ3AK5+DBBTTgFprgAwMBz/AKb45yXpx352PRWnDymWP4I+fzB7zyjfc=</latexit><latexit sha1_base64="LU6styRmDrWll1ClnaiNGEm36nI=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2S0EvQtGLxwpuK7RLyabZNjSbXZJZoZb+Bi8eFPHqD/LmvzFt96CtLwQe3pkhM2+YSmHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZJNOM+yyRiX4IqeFSKO6jQMkfUs1pHEreDkc3s3r7kWsjEnWP45QHMR0oEQlG0Vr+01WtWu+VK27VnYusgpdDBXI1e+Wvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xqGjMTTCZLzslZ9bpkyjR9ikkc/f3xITGxozj0HbGFIdmuTYz/6t1Mowug4lQaYZcscVHUSYJJmR2OekLzRnKsQXKtLC7EjakmjK0+ZRsCN7yyavQqlU9y3f1SuM6j6MIJ3AK5+DBBTTgFprgAwMBz/AKb45yXpx352PRWnDymWP4I+fzB7zyjfc=</latexit><latexit sha1_base64="LU6styRmDrWll1ClnaiNGEm36nI=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2S0EvQtGLxwpuK7RLyabZNjSbXZJZoZb+Bi8eFPHqD/LmvzFt96CtLwQe3pkhM2+YSmHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZJNOM+yyRiX4IqeFSKO6jQMkfUs1pHEreDkc3s3r7kWsjEnWP45QHMR0oEQlG0Vr+01WtWu+VK27VnYusgpdDBXI1e+Wvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xqGjMTTCZLzslZ9bpkyjR9ikkc/f3xITGxozj0HbGFIdmuTYz/6t1Mowug4lQaYZcscVHUSYJJmR2OekLzRnKsQXKtLC7EjakmjK0+ZRsCN7yyavQqlU9y3f1SuM6j6MIJ3AK5+DBBTTgFprgAwMBz/AKb45yXpx352PRWnDymWP4I+fzB7zyjfc=</latexit><latexit sha1_base64="LU6styRmDrWll1ClnaiNGEm36nI=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2S0EvQtGLxwpuK7RLyabZNjSbXZJZoZb+Bi8eFPHqD/LmvzFt96CtLwQe3pkhM2+YSmHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZJNOM+yyRiX4IqeFSKO6jQMkfUs1pHEreDkc3s3r7kWsjEnWP45QHMR0oEQlG0Vr+01WtWu+VK27VnYusgpdDBXI1e+Wvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xqGjMTTCZLzslZ9bpkyjR9ikkc/f3xITGxozj0HbGFIdmuTYz/6t1Mowug4lQaYZcscVHUSYJJmR2OekLzRnKsQXKtLC7EjakmjK0+ZRsCN7yyavQqlU9y3f1SuM6j6MIJ3AK5+DBBTTgFprgAwMBz/AKb45yXpx352PRWnDymWP4I+fzB7zyjfc=</latexit>

z = 2.2
<latexit sha1_base64="Up+72SbDeOreaIhVjsxs+3/fF5s=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2i6AXoejFYwW3LbRLyaazbWg2uyRZoZb+Bi8eFPHqD/LmvzFt96CtLwQe3pkhM2+YCq6N6347hbX1jc2t4nZpZ3dv/6B8eNTUSaYY+iwRiWqHVKPgEn3DjcB2qpDGocBWOLqd1VuPqDRP5IMZpxjEdCB5xBk11vKfrmvVWq9ccavuXGQVvBwqkKvRK391+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMeipDHqYDJfdkrOrNMnUaLsk4bM3d8TExprPY5D2xlTM9TLtZn5X62TmegqmHCZZgYlW3wUZYKYhMwuJ32ukBkxtkCZ4nZXwoZUUWZsPiUbgrd88io0a1XP8v1FpX6Tx1GEEziFc/DgEupwBw3wgQGHZ3iFN0c6L86787FoLTj5zDH8kfP5A7nqjfU=</latexit><latexit sha1_base64="Up+72SbDeOreaIhVjsxs+3/fF5s=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2i6AXoejFYwW3LbRLyaazbWg2uyRZoZb+Bi8eFPHqD/LmvzFt96CtLwQe3pkhM2+YCq6N6347hbX1jc2t4nZpZ3dv/6B8eNTUSaYY+iwRiWqHVKPgEn3DjcB2qpDGocBWOLqd1VuPqDRP5IMZpxjEdCB5xBk11vKfrmvVWq9ccavuXGQVvBwqkKvRK391+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMeipDHqYDJfdkrOrNMnUaLsk4bM3d8TExprPY5D2xlTM9TLtZn5X62TmegqmHCZZgYlW3wUZYKYhMwuJ32ukBkxtkCZ4nZXwoZUUWZsPiUbgrd88io0a1XP8v1FpX6Tx1GEEziFc/DgEupwBw3wgQGHZ3iFN0c6L86787FoLTj5zDH8kfP5A7nqjfU=</latexit><latexit sha1_base64="Up+72SbDeOreaIhVjsxs+3/fF5s=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2i6AXoejFYwW3LbRLyaazbWg2uyRZoZb+Bi8eFPHqD/LmvzFt96CtLwQe3pkhM2+YCq6N6347hbX1jc2t4nZpZ3dv/6B8eNTUSaYY+iwRiWqHVKPgEn3DjcB2qpDGocBWOLqd1VuPqDRP5IMZpxjEdCB5xBk11vKfrmvVWq9ccavuXGQVvBwqkKvRK391+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMeipDHqYDJfdkrOrNMnUaLsk4bM3d8TExprPY5D2xlTM9TLtZn5X62TmegqmHCZZgYlW3wUZYKYhMwuJ32ukBkxtkCZ4nZXwoZUUWZsPiUbgrd88io0a1XP8v1FpX6Tx1GEEziFc/DgEupwBw3wgQGHZ3iFN0c6L86787FoLTj5zDH8kfP5A7nqjfU=</latexit><latexit sha1_base64="Up+72SbDeOreaIhVjsxs+3/fF5s=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2i6AXoejFYwW3LbRLyaazbWg2uyRZoZb+Bi8eFPHqD/LmvzFt96CtLwQe3pkhM2+YCq6N6347hbX1jc2t4nZpZ3dv/6B8eNTUSaYY+iwRiWqHVKPgEn3DjcB2qpDGocBWOLqd1VuPqDRP5IMZpxjEdCB5xBk11vKfrmvVWq9ccavuXGQVvBwqkKvRK391+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMeipDHqYDJfdkrOrNMnUaLsk4bM3d8TExprPY5D2xlTM9TLtZn5X62TmegqmHCZZgYlW3wUZYKYhMwuJ32ukBkxtkCZ4nZXwoZUUWZsPiUbgrd88io0a1XP8v1FpX6Tx1GEEziFc/DgEupwBw3wgQGHZ3iFN0c6L86787FoLTj5zDH8kfP5A7nqjfU=</latexit>
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Zoom-in simulation of a star-forming barred spiral galaxy at z=2 
circular velocity radial velocity density density

Similar velocity and density structures over a relatively large redshift range
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Kinematical properties of the bar
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face-on 
radial velocity

edge-on 
radial velocity

edge-on 
radial velocity

face-on 
circular velocity
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Stellar populations
(stellar population synthesis model of 

Vincenzo et al., 2016)

Evolution of the dynamical 
properties

Height distribution of the stars 
as a function of their age (top) 

and metallicity (bottom)
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Kinematical properties of the galaxy stellar and gas components

specific angular 
momentum

rotation velocity dispersion

vertical velocity dispersion
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Where does SF take place in the simulation?
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Characterising the spiral arms
Ideal observers sitting on the galaxy disc, which register 
the overdensity as a function of time (train of impulses), 

due to the passage of the spiral arms
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Characterising the spiral arms
Evolution of the train of impulses seen by the ideal observers sitting on the disc, as 
the spiral arms cross their region, using all available snapshots from z=1.8 to z~3

Slope of theta versus t relations gives the angular velocity of the spiral arms 
at that galactocentric distance and time interval
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Characterising the spiral arms
Evolution of the angular velocity of the spiral pattern

(fitting the theta versus t relations with simple straight lines…)
Angular velocity of the gas on the 

thin disc at redshift z =2

The spiral pattern speeds up as a function of time, 
keeping its constant angular velocity radial profile

co-rotation radius

⌦gas(Rcor) = ⌦spiral
<latexit sha1_base64="WBRAIbzQnfwX7W/GFzRwXLm8EqU=">AAACJXicbVDLSgMxFM3UV62vqks3wSLUjcyIoAuFoht3PrBVaEu5k97W0MyD5I5YhvkZN/6KGxeKCK78FdOHoNYDgZNzziW5x4+VNOS6H05uanpmdi4/X1hYXFpeKa6u1UyUaIFVEalI3/hgUMkQqyRJ4U2sEQJf4bXfOxn413eojYzCK+rH2AygG8qOFEBWahUPG2cBdqGVNgjvKe2CybLy5fdVRDrLtvkR/50ysdSgsqxVLLk77hB8knhjUmJjnLeKr412JJIAQxIKjKl7bkzNFDRJoTArNBKDMYgedLFuaQgBmmY63DLjW1Zp806k7QmJD9WfEykExvQD3yYDoFvz1xuI/3n1hDoHzVSGcUIYitFDnURxivigMt6WGgWpviUgtLR/5eIWNAiyxRZsCd7flSdJbXfHs/xir1Q5HteRZxtsk5WZx/ZZhZ2yc1Zlgj2wJ/bCXp1H59l5c95H0Zwznllnv+B8fgFiiKcH</latexit><latexit sha1_base64="WBRAIbzQnfwX7W/GFzRwXLm8EqU=">AAACJXicbVDLSgMxFM3UV62vqks3wSLUjcyIoAuFoht3PrBVaEu5k97W0MyD5I5YhvkZN/6KGxeKCK78FdOHoNYDgZNzziW5x4+VNOS6H05uanpmdi4/X1hYXFpeKa6u1UyUaIFVEalI3/hgUMkQqyRJ4U2sEQJf4bXfOxn413eojYzCK+rH2AygG8qOFEBWahUPG2cBdqGVNgjvKe2CybLy5fdVRDrLtvkR/50ysdSgsqxVLLk77hB8knhjUmJjnLeKr412JJIAQxIKjKl7bkzNFDRJoTArNBKDMYgedLFuaQgBmmY63DLjW1Zp806k7QmJD9WfEykExvQD3yYDoFvz1xuI/3n1hDoHzVSGcUIYitFDnURxivigMt6WGgWpviUgtLR/5eIWNAiyxRZsCd7flSdJbXfHs/xir1Q5HteRZxtsk5WZx/ZZhZ2yc1Zlgj2wJ/bCXp1H59l5c95H0Zwznllnv+B8fgFiiKcH</latexit><latexit sha1_base64="WBRAIbzQnfwX7W/GFzRwXLm8EqU=">AAACJXicbVDLSgMxFM3UV62vqks3wSLUjcyIoAuFoht3PrBVaEu5k97W0MyD5I5YhvkZN/6KGxeKCK78FdOHoNYDgZNzziW5x4+VNOS6H05uanpmdi4/X1hYXFpeKa6u1UyUaIFVEalI3/hgUMkQqyRJ4U2sEQJf4bXfOxn413eojYzCK+rH2AygG8qOFEBWahUPG2cBdqGVNgjvKe2CybLy5fdVRDrLtvkR/50ysdSgsqxVLLk77hB8knhjUmJjnLeKr412JJIAQxIKjKl7bkzNFDRJoTArNBKDMYgedLFuaQgBmmY63DLjW1Zp806k7QmJD9WfEykExvQD3yYDoFvz1xuI/3n1hDoHzVSGcUIYitFDnURxivigMt6WGgWpviUgtLR/5eIWNAiyxRZsCd7flSdJbXfHs/xir1Q5HteRZxtsk5WZx/ZZhZ2yc1Zlgj2wJ/bCXp1H59l5c95H0Zwznllnv+B8fgFiiKcH</latexit><latexit sha1_base64="WBRAIbzQnfwX7W/GFzRwXLm8EqU=">AAACJXicbVDLSgMxFM3UV62vqks3wSLUjcyIoAuFoht3PrBVaEu5k97W0MyD5I5YhvkZN/6KGxeKCK78FdOHoNYDgZNzziW5x4+VNOS6H05uanpmdi4/X1hYXFpeKa6u1UyUaIFVEalI3/hgUMkQqyRJ4U2sEQJf4bXfOxn413eojYzCK+rH2AygG8qOFEBWahUPG2cBdqGVNgjvKe2CybLy5fdVRDrLtvkR/50ysdSgsqxVLLk77hB8knhjUmJjnLeKr412JJIAQxIKjKl7bkzNFDRJoTArNBKDMYgedLFuaQgBmmY63DLjW1Zp806k7QmJD9WfEykExvQD3yYDoFvz1xuI/3n1hDoHzVSGcUIYitFDnURxivigMt6WGgWpviUgtLR/5eIWNAiyxRZsCd7flSdJbXfHs/xir1Q5HteRZxtsk5WZx/ZZhZ2yc1Zlgj2wJ/bCXp1H59l5c95H0Zwznllnv+B8fgFiiKcH</latexit>
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Fraction of stars on the spiral arms in common 
between different redshifts

Characterising the spiral arms
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Summary
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Formation and evolution of a SF barred spiral galaxy at high redshift

The main physical properties resemble those of the local spirals, even 
though the ISM condition at high redshifts are more turbulent

Are we dealing with (generally speaking) density-waves?

Questions:

How do spiral arms affect the metallicity gradients in the galaxy ISM in the 
simulation?
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N.B. other theories (e.g., manifold theory) can give rise to an apparent constant 
angular velocity of the spiral arms with time.

The dynamical structure of the spiral arms in the simulation is different 
than that of the stars and gas on the thin disc

Spiral arms in the simulation host star-forming ISM regions + young stars + 
rotate with constant angular velocity. 

Vincenzo, Kobayashi, Yuan, 2019, arXiv:1903.07958


