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RECAP: HERMITIAN SCATTERING

<latexit sha1_base64="+g1cSWm8XtC6nW6/1Ab2FZT/qnw=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQC9C0EuOEYwJJGuYne3dDJl9ODMbCEu+w4sHBfHqv3jzb5w8DppY0FBUddPd5aWCK23b31ZhbX1jc6u4XdrZ3ds/KB8ePagkkwxbLBGJ7HhUoeAxtjTXAjupRBp5Atve8Hbqt0coFU/iez1O0Y1oGPOAM6qN5DbINWk89nwahij75YpdtWcgq8RZkAos0OyXv3p+wrIIY80EVarr2Kl2cyo1ZwInpV6mMKVsSEPsGhrTCJWbz46ekDOj+CRIpKlYk5n6eyKnkVLjyDOdEdUDtexNxf+8bqaDKzfncZppjNl8UZAJohMyTYD4XCLTYmwIZZKbWwkbUEmZNjmVTAjO8surpH1RdWpVx7mrVeo3izyKcAKncA4OXEIdGtCEFjB4gmd4hTdrZL1Y79bHvLVgLWaO4Q+szx/1O5Fm</latexit>

H = H
†<latexit sha1_base64="N8dFZAq/MMN44OT8fnQRQvpcjyg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBb0IRS89VrCm0Iay2W7apZtN2J0IpfRHePGgIF79O978N27bHLT1wcDjvRlm5oWpFAZd99sprK1vbG4Vt0s7u3v7B+XDo0eTZJrxFktkotshNVwKxVsoUPJ2qjmNQ8n9cHQ38/0nro1I1AOOUx7EdKBEJBhFK/mNm0bPvXjslStu1Z2DrBIvJxXI0eyVv7r9hGUxV8gkNabjuSkGE6pRMMmnpW5meErZiA54x1JFY26CyfzcKTmzSp9EibalkMzV3xMTGhszjkPbGVMcmmVvJv7ndTKMroOJUGmGXLHFoiiTBBMy+530heYM5dgSyrSwtxI2pJoytAmVbAje8surxL+serWq593XKvXbPI8inMApnIMHV1CHBjShBQxG8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gB+JI7W</latexit>

H = H0 + V

Single particle incident on a potential

<latexit sha1_base64="iMBmYPGdLAxORbpCNqo4JBlULao=">AAACEHicbZDNSsNAFIUn9a/Wv6hLN4NFcVUSKehGKLpxWaG1QhPLZDpph04mYeZGKLFv4MZXceNCQdy6dOfbOG2DaOuBgcN37+XOPUEiuAbH+bIKC4tLyyvF1dLa+sbmlr29c63jVFHWpLGI1U1ANBNcsiZwEOwmUYxEgWCtYHAxrrfumNI8lg0YJsyPSE/ykFMCBnXsQ0+wEO5x41ZgT/Fe3/gz/ANVzjp22ak4E+F54+amjHLVO/an141pGjEJVBCt266TgJ8RBZwKNip5qWYJoQPSY21jJYmY9rPJPSN8YEgXh7EyTwKe0N8TGYm0HkaB6YwI9PVsbQz/q7VTCE/9jMskBSbpdFGYCgwxHoeDu1wxCmJoDKGKm79i2ieKUDARlkwI7uzJ86Z1XHGrFde9qpZr53keRbSH9tERctEJqqFLVEdNRNEDekIv6NV6tJ6tN+t92lqw8pld9EfWxzf6/Jxx</latexit>!
!T l

!
! = |T r |

<latexit sha1_base64="DE5j/0Urmv3yp0/ffiprlHmFQAQ=">AAACEHicbZDNSsNAFIUn/tb6F3XpZrAorkoiBd0IRTcuq1hbaGKZTG/aoZNJmJkIJfYN3PgqblwoiFuX7nwbp20QbT0wcPjuvdy5J0g4U9pxvqy5+YXFpeXCSnF1bX1j097avlFxKinUacxj2QyIAs4E1DXTHJqJBBIFHBpB/3xUb9yBVCwW13qQgB+RrmAho0Qb1LYPPA6hvsdXtxx7knV7xp/iHyhz1rZLTtkZC88aNzcllKvWtj+9TkzTCISmnCjVcp1E+xmRmlEOw6KXKkgI7ZMutIwVJALlZ+N7hnjfkA4OY2me0HhMf09kJFJqEAWmMyK6p6ZrI/hfrZXq8MTPmEhSDYJOFoUpxzrGo3Bwh0mgmg+MIVQy81dMe0QSqk2ERROCO33yrGkcld1K2XUvK6XqWZ5HAe2iPXSIXHSMqugC1VAdUfSAntALerUerWfrzXqftM5Z+cwO+iPr4xv0mpxt</latexit>!
!Rl

!
! = |Rr |

<latexit sha1_base64="30tJL/Z86EdxrdGb0rDH1epJoys=">AAACH3icbZC7SgNBFIZn4y3G26qlzWAQFCXsBkUbIWhjGSUxgdyYncwmQ2YvzJwV4ibPYCvYWPkeNhYKInZ5GyeXQhN/GPj5zjmcOb8TCq7AsgZGYm5+YXEpuZxaWV1b3zA3t25VEEnKijQQgSw7RDHBfVYEDoKVQ8mI5whWcjqXw3rpjknFA78A3ZDVPNLyucspAY0a5klVMBd6uFCPxZHsVyVvtaFXzx5O+M0UP7dTWg0zbWWskfCssScmnTt4uA+TL4/5hvldbQY08pgPVBClKrYVQi0mEjgVrJ+qRoqFhHZIi1W09YnHVC0endfHe5o0sRtI/XzAI/p7IiaeUl3P0Z0egbaarg3hf7VKBO5ZLeZ+GAHz6XiRGwkMAR5mhZtcMgqiqw2hkuu/YtomklDQiQ5DsKdPnjWlbMY+ztj2tY7jAo2VRDtoF+0jG52iHLpCeVREFD2hV/SOPoxn4834NL7GrQljMrON/sgY/AAoQaST</latexit>!
!T l,r

!
!2

+
!
!Rl,r

!
!2

= 1

<latexit sha1_base64="fx7alasK1fSFQ6ExBzP95BTzEHY="></latexit>

H |! k ! =
! 2k2

2m
|! k !

S-Matrix

V

eikx

Rl e! ikx

T l eikx

CoefÞcients

<latexit sha1_base64="CraIrZ/7ZKUZOQNmN3n5VCKuxvE=">AAAB/HicbVDLSgMxFM3UV62vsS7dBIvQViwzIuhGKLpxWdHaQjsdMmmmjZPJDElGLEO/wH9wo6Agbv0Qd36Ie9PHQqsHLvdwzr3k5ngxo1JZ1qeRmZtfWFzKLudWVtfWN8zN/LWMEoFJHUcsEk0PScIoJ3VFFSPNWBAUeow0vOBs5DduiZA04ldqEBMnRD1OfYqR0pJr5i/dm2JQOtGtUy7uB51yyTULVsUaA/4l9pQUqntfT/ekENdc86PdjXASEq4wQ1K2bCtWToqEopiRYa6dSBIjHKAeaWnKUUikk45vH8JdrXShHwldXMGx+nMjRaGUg9DTkyFSfTnrjcT/vFai/GMnpTxOFOF48pCfMKgiOAoCdqkgWLGBJggLqm+FuI8EwkrHldMh2LNf/ksaBxX7sGLbFzqOUzBBFmyDHVAENjgCVXAOaqAOMLgDD+AZvBhD49F4Nd4moxljurMFfsF4/wZ81pZF</latexit>

Sj (k) = S⇤
j (�k⇤)

<latexit sha1_base64="pNKA9LW8NRG3zdxQpXKW2tp4PL4=">AAACBnicbZC9S8NAGMYv9avGr6ijDodFcJCSE0GXYtHFsaK1hSaWy+WSHr18cHcRSuji4h/i4uKgIK5u7i7if2PSdNDWBw5+PO/78t77ODFnUpnmt1aamZ2bXygv6kvLK6trxvrGtYwSQWiTRDwSbQdLyllIm4opTtuxoDhwOG05/bO83rqlQrIovFKDmNoB9kPmMYJVZnWNbUt66eUQWvuwoBvLxb5PBawhvWtUzKo5EpwGNIbKyYdeix++9EbX+LTciCQBDRXhWMoOMmNlp1goRjgd6lYiaYxJH/u0k2GIAyrtdHTFEO5mjgu9SGQvVHDk/p5IcSDlIHCyzgCrnpys5eZ/tU6ivGM7ZWGcKBqSYpGXcKgimEcCXSYoUXyQASaCZX+FpIcFJioLLg8BTZ48Da2DKjqsInRhVuqnoFAZbIEdsAcQOAJ1cA4aoAkIuAOP4Bm8aPfak/aqvRWtJW08swn+SHv/AYh1mr0=</latexit>

S S  = 1
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NON-HERMITIAN SCATTERING

<latexit sha1_base64="haykBjrePoh+5mAkIwH1d30UAq8=">AAAB+nicbVBNS8NAEN3Ur1q/oh69LBbBU0mkoMeilx4rWCs0sWw2k3TpZhN3N4US+k+8eFAQr/4Sb/4bt20O2vpg4PHeDDPzgowzpR3n26qsrW9sblW3azu7e/sH9uHRvUpzSaFLU57Kh4Ao4ExAVzPN4SGTQJKAQy8Y3cz83hikYqm405MM/ITEgkWMEm2kgW23sSfgCbcfvZDEMciBXXcazhx4lbglqaMSnYH95YUpzRMQmnKiVN91Mu0XRGpGOUxrXq4gI3REYugbKkgCyi/ml0/xmVFCHKXSlNB4rv6eKEii1CQJTGdC9FAtezPxP6+f6+jKL5jIcg2CLhZFOcc6xbMYcMgkUM0nhhAqmbkV0yGRhGoTVs2E4C6/vEp6Fw232XDd22a9dV3mUUUn6BSdIxddohZqow7qIorG6Bm9ojersF6sd+tj0Vqxyplj9AfW5w8JQZMY</latexit>

H != H  

Formalism: Phys. Rep. 395 357 (2004)

Phenomenological description of reduced dynamics

Particle detectors, inelastic collisions, injecting sources, 
spontaneous emission etc.

More recently: PT symmetry and Optics



4

GENERALISED SYMMETRY RELATIONS

<latexit sha1_base64="YozO5IIzXPHbKt7BRPSSQJNr3Qc=">AAAB+3icbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoBeh1UuPFawttLFsNpN06WYTdjdKqf0pXjwoiFf/iDf/jds2B219MPB4b4aZeX7KmdKO820VVlbX1jeKm6Wt7Z3dPbu8f6eSTFJo0YQnsuMTBZwJaGmmOXRSCST2ObT94fXUbz+AVCwRt3qUgheTSLCQUaKN1LfLddzAl7hx3wtIFIHE9b5dcarODHiZuDmpoBzNvv3VCxKaxSA05USpruuk2hsTqRnlMCn1MgUpoUMSQddQQWJQ3nh2+gQfGyXAYSJNCY1n6u+JMYmVGsW+6YyJHqhFbyr+53UzHV54YybSTIOg80VhxrFO8DQHHDAJVPORIYRKZm7FdEAkodqkVTIhuIsvL5P2adU9q7ruzVmldpXnUUSH6AidIBedoxpqoCZqIYoe0TN6RW/Wk/VivVsf89aClc8coD+wPn8ANraSgQ==</latexit>

AH = H
†
A

<latexit sha1_base64="s4fbYHc+veWZdAX4BNv3OSdtvho=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgl6EVi89VrC20i4lm2bb0CS7JFmhLP0VXjwoiFf/jTf/jel2D9r6YODx3gwz84KYM21c99sprK1vbG4Vt0s7u3v7B+XDowcdJYrQNol4pLoB1pQzSduGGU67saJYBJx2gsnt3O88UaVZJO/NNKa+wCPJQkawsdJjAzXRta3GoFxxq24GtEq8nFQgR2tQ/uoPI5IIKg3hWOue58bGT7EyjHA6K/UTTWNMJnhEe5ZKLKj20+zgGTqzyhCFkbIlDcrU3xMpFlpPRWA7BTZjvezNxf+8XmLCKz9lMk4MlWSxKEw4MhGaf4+GTFFi+NQSTBSztyIyxgoTYzMq2RC85ZdXSeei6tWqnndXq9Rv8jyKcAKncA4eXEIdmtCCNhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC0VY7c</latexit>

AH = HA(1)

(2)

Hermiticity:     (2) &
<latexit sha1_base64="+/v7FDG0v9rfQSyOciWzTCuLwMg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lIQS9C1YvHitYW2qVk02wbmk2WJCuUpT/BiwcF8eof8ua/MW33oK0PBh7vzTAzL0wEN9b3v73Cyura+kZxs7S1vbO7V94/eDQq1ZQ1qRJKt0NimOCSNS23grUTzUgcCtYKRzdTv/XEtOFKPthxwoKYDCSPOCXWSfdXl7hXrvhVfwa0THBOKpCj0St/dfuKpjGTlgpiTAf7iQ0yoi2ngk1K3dSwhNARGbCOo5LEzATZ7NQJOnFKH0VKu5IWzdTfExmJjRnHoeuMiR2aRW8q/ud1UhtdBBmXSWqZpPNFUSqQVWj6N+pzzagVY0cI1dzdiuiQaEKtS6fkQsCLLy+T1lkV16oY39Uq9es8jyIcwTGcAoZzqMMtNKAJFAbwDK/w5gnvxXv3PuatBS+fOYQ/8D5/ABqGjYA=</latexit>

A = 1

<latexit sha1_base64="L6DEnxJdx+NG4Wj9onveIfDzCaw=">AAAB+XicbVDLSgNBEOyNrxgfWfXoZTAInsKuBPQiRL14jJCYQHYJs5PeZMjsg5lZIYZ8iRcPCuLVP/Hm3zhJ9qCJBQ1FVTfdXUEquNKO820V1tY3NreK26Wd3b39sn1w+KCSTDJssUQkshNQhYLH2NJcC+ykEmkUCGwHo9uZ335EqXgSN/U4RT+ig5iHnFFtpJ5dviZXxGtw4jWHqCnp2RWn6sxBVombkwrkaPTsL6+fsCzCWDNBleq6Tqr9CZWaM4HTkpcpTCkb0QF2DY1phMqfzA+fklOj9EmYSFOxJnP198SERkqNo8B0RlQP1bI3E//zupkOL/0Jj9NMY8wWi8JMEJ2QWQqkzyUyLcaGUCa5uZWwIZWUaZNVyYTgLr+8StrnVbdWdd37WqV+k+dRhGM4gTNw4QLqcAcNaAGDDJ7hFd6sJ+vFerc+Fq0FK585gj+wPn8ADO+R3w==</latexit>

A = ⇧⇥Parity-Time Symmetry:     (1) &

Klein four-group

Parity inversion
<latexit sha1_base64="1/SvsBjZ0Sx09fN3eVCjnObN5lo=">AAAB+nicbVBNSwMxEM3Wr1q/Vj16CRbBi2VXCnosevFYwdpCu5Rsmm1Ds8mSzNaWpf/EiwcF8eov8ea/MW33oK0PBh7vzTAzL0wEN+B5305hbX1jc6u4XdrZ3ds/cA+PHo1KNWUNqoTSrZAYJrhkDeAgWCvRjMShYM1weDvzmyOmDVfyASYJC2LSlzzilICVuq47xh3N+wMgWqsnfDHuumWv4s2BV4mfkzLKUe+6X52eomnMJFBBjGn7XgJBRjRwKti01EkNSwgdkj5rWypJzEyQzS+f4jOr9HCktC0JeK7+nshIbMwkDm1nTGBglr2Z+J/XTiG6DjIukxSYpItFUSowKDyLAfe4ZhTExBJCNbe3YjogmlCwYZVsCP7yy6ukeVnxqxXfv6+Wazd5HkV0gk7ROfLRFaqhO1RHDUTRCD2jV/TmZM6L8+58LFoLTj5zjP7A+fwBt5iThg==</latexit>

x ! �x
<latexit sha1_base64="Qs4fTK2ZSaxAcyQDCIOSdIkjPi4=">AAAB+nicbVBNSwMxEM3Wr1q/Vj16CRbBi2VXCnosevFYwdpCu5Rsmrah2SQks5Wy9J948aAgXv0l3vw3pu0etPXBwOO9GWbmxVpwC0Hw7RXW1jc2t4rbpZ3dvf0D//Do0arUUNagSijTiollgkvWAA6CtbRhJIkFa8aj25nfHDNjuZIPMNEsSshA8j6nBJzU9X2NO4YPhkCMUU/4Qnf9clAJ5sCrJMxJGeWod/2vTk/RNGESqCDWtsNAQ5QRA5wKNi11Uss0oSMyYG1HJUmYjbL55VN85pQe7ivjSgKeq78nMpJYO0li15kQGNplbyb+57VT6F9HGZc6BSbpYlE/FRgUnsWAe9wwCmLiCKGGu1sxHRJDKLiwSi6EcPnlVdK8rITVShjeV8u1mzyPIjpBp+gchegK1dAdqqMGomiMntErevMy78V79z4WrQUvnzlGf+B9/gCe0JN2</latexit>

p ! �p

<latexit sha1_base64="WoHHO/plXp8yQPTo3GjxzFuZ1gA=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48VrS20oWy2m3bpZhN2J0IJ/QlePCiIV/+QN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dkpr6xubW+Xtys7u3v6Be3j0aJJMM95iiUx0J6SGS6F4CwVK3kk1p3EoeTsc38z89hPXRiTqAScpD2I6VCISjKKV7ntN0XerXs2bg6wSvyBVKNDsu1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwl19eJe2Lml+v+f5dvdq4LvIowwmcwjn4cAkNuIUmtIDBEJ7hFd4c6bw4787HorXkFDPH8AfO5w+1zY3m</latexit>

⇧

Time reversal
<latexit sha1_base64="ePHAIger8jd7eZXk8mTQNDx3VZo=">AAAB+XicbVBNTwIxEO3iF+IHqx69NBITT2TXkOiR6MUjJiIksCHd0oWGbrtpZxXc8Eu8eNDEePWfePPfWGAPCr5kkpf3ZjIzL0wEN+B5305hbX1jc6u4XdrZ3dsvuweH90almrImVULpdkgME1yyJnAQrJ1oRuJQsFY4up75rQemDVfyDiYJC2IykDzilICVem55jLuaD4ZAtFaPeNxzK17VmwOvEj8nFZSj0XO/un1F05hJoIIY0/G9BIKMaOBUsGmpmxqWEDoiA9axVJKYmSCbHz7Fp1bp40hpWxLwXP09kZHYmEkc2s6YwNAsezPxP6+TQnQZZFwmKTBJF4uiVGBQeJYC7nPNKIiJJYRqbm/FdEg0oWCzKtkQ/OWXV0nrvOrXqr5/W6vUr/I8iugYnaAz5KMLVEc3qIGaiKIUPaNX9OY8OS/Ou/OxaC04+cwR+gPn8wdIjZNP</latexit>

x ! x
<latexit sha1_base64="Qs4fTK2ZSaxAcyQDCIOSdIkjPi4=">AAAB+nicbVBNSwMxEM3Wr1q/Vj16CRbBi2VXCnosevFYwdpCu5Rsmrah2SQks5Wy9J948aAgXv0l3vw3pu0etPXBwOO9GWbmxVpwC0Hw7RXW1jc2t4rbpZ3dvf0D//Do0arUUNagSijTiollgkvWAA6CtbRhJIkFa8aj25nfHDNjuZIPMNEsSshA8j6nBJzU9X2NO4YPhkCMUU/4Qnf9clAJ5sCrJMxJGeWod/2vTk/RNGESqCDWtsNAQ5QRA5wKNi11Uss0oSMyYG1HJUmYjbL55VN85pQe7ivjSgKeq78nMpJYO0li15kQGNplbyb+57VT6F9HGZc6BSbpYlE/FRgUnsWAe9wwCmLiCKGGu1sxHRJDKLiwSi6EcPnlVdK8rITVShjeV8u1mzyPIjpBp+gchegK1dAdqqMGomiMntErevMy78V79z4WrQUvnzlGf+B9/gCe0JN2</latexit>

p ! �p
<latexit sha1_base64="7QgL8ehzaQwPcJBn8Nh19V+ZkgY=">AAAB+nicbVBNS8NAEJ3Ur1q/oh69LBbBiyWRgh6LXjxWsLbQhrLZbtulm03YnVRK6D/x4kFBvPpLvPlv3LY5aOuDgcd7M8zMCxMpDHret1NYW9/Y3Cpul3Z29/YP3MOjRxOnmvEGi2WsWyE1XArFGyhQ8laiOY1CyZvh6HbmN8dcGxGrB5wkPIjoQIm+YBSt1HVdQTpaDIZItY6fyIXoumWv4s1BVomfkzLkqHfdr04vZmnEFTJJjWn7XoJBRjUKJvm01EkNTygb0QFvW6poxE2QzS+fkjOr9Eg/1rYUkrn6eyKjkTGTKLSdEcWhWfZm4n9eO8X+dZAJlaTIFVss6qeSYExmMZCe0JyhnFhCmRb2VsKGVFOGNqySDcFffnmVNC8rfrXi+/fVcu0mz6MIJ3AK5+DDFdTgDurQAAZjeIZXeHMy58V5dz4WrQUnnzmGP3A+fwCJIZNo</latexit>

i ! �i

<latexit sha1_base64="P8OT46b/xQRtU379tYOZmcexqG0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V+gVtKJvtpF272YTdjVBC/4MXDwri1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4WNza3tneJuaW//4PCofHzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHsummSboR3QkecgZNVZq95tjNHRQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62uHZGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjJ/nQy5QmbE1BLKFLe3EjamijJjAyrZELzVl9dJ56rq1aqe91Cr1G/zPIpwBudwCR5cQx3uoQEtYPAIz/AKb07svDjvzseyteDkM6fwB87nDwr2j0E=</latexit>

⇥

<latexit sha1_base64="7rvErlDGSeltHMfBbdhIJ+07POk=">AAACEnicbVDLSgMxFM3UV62vUZdugkXoopSJFHQjVN0Ibiq0ttAZhkyaaUMzmSHJCGXoL7jxV9y4UBC3rtz5N6btLLT1wOUezrmX5J4g4Uxpx/m2Ciura+sbxc3S1vbO7p69f3Cv4lQS2iYxj2U3wIpyJmhbM81pN5EURwGnnWB0PfU7D1QqFouWHifUi/BAsJARrI3k25VL6DIBb/36BXQziKpuk1Xd1pBqnDdoFOhOfLvs1JwZ4DJBOSmDHE3f/nL7MUkjKjThWKkechLtZVhqRjidlNxU0QSTER7QnqECR1R52eyiCTwxSh+GsTQlNJypvzcyHCk1jgIzGWE9VIveVPzP66U6PPcyJpJUU0HmD4UphzqG03hgn0lKNB8bgolk5q+QDLHERJsQSyYEtHjyMumc1lC9htBdvdy4yvMogiNwDCoAgTPQADegCdqAgEfwDF7Bm/VkvVjv1sd8tGDlO4fgD6zPH89ImvY=</latexit>

A 2 K4 = {1,⇧,⇥,⇥⇧}

Common Examples
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SCATTERING SELECTION RULES
<latexit sha1_base64="1wjd/fFm+OfSSvhSV8QVeAx1AtU="></latexit>

� ~2
2m

d2

dx2
 (x) +

Z
V (x, y) (y)dy =

~2k2
2m

 (x)

<latexit sha1_base64="mL3ZlhbY+G+PJV7U2+FJiA1rUV0=">AAACAnicbVDLSsNAFL2pr1pfUTeCm2ARW9CSSEE3QtGNywr2AW0ok8m0HTqZhJmJtIS68VfcuFAQt36FO//GaZuFth64cOace5l7jxcxKpVtfxuZpeWV1bXsem5jc2t7x9zdq8swFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jDG9xM/MYDEZKG/F6NIuIGqMdpl2KktNQxD+qF4enwpHjV9glTqDA80w+tFTtm3i7ZU1iLxElJHlJUO+ZX2w9xHBCuMENSthw7Um6ChKKYkXGuHUsSITxAPdLSlKOASDeZXjC2jrXiW91Q6OLKmqq/JxIUSDkKPN0ZINWX895E/M9rxap76SaUR7EiHM8+6sbMUqE1icPyqSBYsZEmCAuqd7VwHwmElQ4tp0Nw5k9eJI3zklMuOc5dOV+5TvPIwiEcQQEcuIAK3EIVaoDhEZ7hFd6MJ+PFeDc+Zq0ZI53Zhz8wPn8A7OiVFQ==</latexit>

V (x, x0) = �(x� x0)V (x)
<latexit sha1_base64="Bfm+kDbx6eyvP9B77vMuCarzzTo=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxjKCMYHkCHubuWTJ7t65uyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5USq4sb7/7RXW1jc2t4rbpZ3dvf2D8uHRg0kyzbDJEpHodkQNCq6wabkV2E41UhkJbEWjm5nfekJteKLu7TjFUNKB4jFn1Dqp3eXSbUHTK1f8qj8HWSVBTiqQo9Erf3X7CcskKssENaYT+KkNJ1RbzgROS93MYErZiA6w46iiEk04md87JWdO6ZM40a6UJXP198SESmPGMnKdktqhWfZm4n9eJ7PxVTjhKs0sKrZYFGeC2ITMnid9rpFZMXaEMs3drYQNqabMuohKLoRg+eVV0rqoBrVqENzVKvXrPI8inMApnEMAl1CHW2hAExgIeIZXePMevRfv3ftYtBa8fOYY/sD7/AHbGpBS</latexit>

=) Symmetry VI
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OTHER SYMMETRIES 

<latexit sha1_base64="9mj0LdOg8yFKa/Ql3Dz9I3r7JUc="></latexit>

S =

✓
T l(p) Rr(p)
Rl(p) T r(p)

◆
.

S-Matrix

<latexit sha1_base64="CraIrZ/7ZKUZOQNmN3n5VCKuxvE=">AAAB/HicbVDLSgMxFM3UV62vsS7dBIvQViwzIuhGKLpxWdHaQjsdMmmmjZPJDElGLEO/wH9wo6Agbv0Qd36Ie9PHQqsHLvdwzr3k5ngxo1JZ1qeRmZtfWFzKLudWVtfWN8zN/LWMEoFJHUcsEk0PScIoJ3VFFSPNWBAUeow0vOBs5DduiZA04ldqEBMnRD1OfYqR0pJr5i/dm2JQOtGtUy7uB51yyTULVsUaA/4l9pQUqntfT/ekENdc86PdjXASEq4wQ1K2bCtWToqEopiRYa6dSBIjHKAeaWnKUUikk45vH8JdrXShHwldXMGx+nMjRaGUg9DTkyFSfTnrjcT/vFai/GMnpTxOFOF48pCfMKgiOAoCdqkgWLGBJggLqm+FuI8EwkrHldMh2LNf/ksaBxX7sGLbFzqOUzBBFmyDHVAENjgCVXAOaqAOMLgDD+AZvBhD49F4Nd4moxljurMFfsF4/wZ81pZF</latexit>

Sj(k) = S⇤
j (�k⇤)

<latexit sha1_base64="/Tt8ePcpmVbHYUl88qcMNrMAEgk=">AAACEHicbZDLSgMxFIYz9VbrbdSlIsGiuJAyI4Iui27srgV7gXYomTRtQ5PMkGSEMnTpzo2v4saCgrh16c5n8CVMOxW19UDg4//P4eT8fsio0o7zYaXm5hcWl9LLmZXVtfUNe3OrooJIYlLGAQtkzUeKMCpIWVPNSC2UBHGfkarfuxz51RsiFQ3Ete6HxOOoI2ibYqSN1LQP44bksFAYHMOEKt/0A8Zt2lkn54wLzoI7gWx+d1j6vN0bFpv2e6MV4IgToTFDStVdJ9RejKSmmJFBphEpEiLcQx1SNygQJ8qLx/cM4IFRWrAdSPOEhmP190SMuFJ97ptOjnRXTXsj8T+vHun2uRdTEUaaCJwsakcM6gCOwoEtKgnWrG8AYUnNXyHuIomwNhFmTAju9MmzUD3Juac51y2ZOC5AUmmwA/bBEXDBGciDK1AEZYDBHXgAT+DZurcerRfrNWlNWZOZbfCnrLcvpcKepg==</latexit>

II, IV,V,VII

Energies are conjugate pairs:

Particular symmetries:

<latexit sha1_base64="NlbeuaYY0UoaBpDK07055aE8G6w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CS1C8VB2RagXoSiCxwrWVtq1ZNNsG5pklyQrlNJf4UVQQbz6S7x6E/0xph8HbX0w8Hhvhpl5QcyZNq776aQWFpeWV9KrmbX1jc2t7PbOtY4SRWiVRDxS9QBrypmkVcMMp/VYUSwCTmtB72zk1+6o0iySV6YfU1/gjmQhI9hY6ea8JU9s3R60snm36I6B5ok3JflyrvD9VXp/rLSyH812RBJBpSEca93w3Nj4A6wMI5wOM81E0xiTHu7QhqUSC6r9wfjgIdq3ShuFkbIlDRqrvycGWGjdF4HtFNh09aw3Ev/zGokJj/0Bk3FiqCSTRWHCkYnQ6HvUZooSw/uWYKKYvRWRLlaYGJtRxobgzb48T2qHRe+o6HmXNo5TmCANe5CDAnhQgjJcQAWqQEDAPTzBs6OcB+fFeZ20ppzpzC78gfP2A5cpk84=</latexit>

En = E⇤
n

Poles and zeros symmetric about imaginary axis

<latexit sha1_base64="sPPhvfyEa1BhFa/fAefnxdzKifs=">AAACJHicbVDNSgMxGMzWv1r/Vj16CS2CKJRdERRBKBWhxwrWFrrrkk2zbWg2uyRZoax9Cx/Ai6/ixYOieOjFZzH9OejWgcBkZj6Sb/yYUaksa2TkFhaXllfyq4W19Y3NLXN751ZGicCkgSMWiZaPJGGUk4aiipFWLAgKfUaafv9y7DfviZA04jdqEBM3RF1OA4qR0pJnntdgFT5ceRw6AvEuI/BCC7WspG93h5mkZ5assjUBnCf2jJQqRefocVQZ1D3zw+lEOAkJV5ghKdu2FSs3RUJRzMiw4CSSxAj3UZe0NeUoJNJNJzsO4b5WOjCIhD5cwYn6eyJFoZSD0NfJEKmezHpj8T+vnajgzE0pjxNFOJ4+FCQMqgiOC4MdKghWbKAJwoLqv0LcQwJhpWst6BLs7MrzpHlctk/Ktn2t66iCKfJgDxTBAbDBKaiAGqiDBsDgCbyAN/BuPBuvxqfxNY3mjNnMLvgD4/sHRC6kZg==</latexit>

HB|Eni = BH|Eni = E
⇤
nB|Eni
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EQUIVALENCE RULES

<latexit sha1_base64="Bfm+kDbx6eyvP9B77vMuCarzzTo=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxjKCMYHkCHubuWTJ7t65uyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5USq4sb7/7RXW1jc2t4rbpZ3dvf2D8uHRg0kyzbDJEpHodkQNCq6wabkV2E41UhkJbEWjm5nfekJteKLu7TjFUNKB4jFn1Dqp3eXSbUHTK1f8qj8HWSVBTiqQo9Erf3X7CcskKssENaYT+KkNJ1RbzgROS93MYErZiA6w46iiEk04md87JWdO6ZM40a6UJXP198SESmPGMnKdktqhWfZm4n9eJ7PxVTjhKs0sKrZYFGeC2ITMnid9rpFZMXaEMs3drYQNqabMuohKLoRg+eVV0rqoBrVqENzVKvXrPI8inMApnEMAl1CHW2hAExgIeIZXePMevRfv3ftYtBa8fOYY/sD7/AHbGpBS</latexit>

=) Hermitian

<latexit sha1_base64="J60Q1nBkcszN01XSaI3HDh6uPho=">AAACNHicbVDLSgMxFM34rPU1KrhxEyyCqzIjgm6EUjfFVYvWFjrDkEnTNjTJDElGKEM/SXDjH/gFLgQRVBC3foOZtovaeuDC4Zx7ufeeMGZUacd5tRYWl5ZXVnNr+fWNza1te2f3VkWJxKSOIxbJZogUYVSQuqaakWYsCeIhI42wf5n5jTsiFY3EjR7ExOeoK2iHYqSNFNhXHke6hxFLr4cBhZWLCvQoN5uJgtMWg56ifFaans0HdsEpOiPAeeJOSKG0X3un9+WnamA/e+0IJ5wIjRlSquU6sfZTJDXFjAzzXqJIjHAfdUnLUIE4UX46+nkIj4zShp1ImhIajtTpiRRxpQY8NJ3ZlWrWy8T/vFaiO+d+SkWcaCLweFEnYVBHMAsQtqkkWLOBIQhLam6FuIckwtrEnIXgzr48TxonRfe06Lo1E0cZjJEDB+AQHAMXnIESqIAqqAMMHsAL+ACf1qP1Zn1Z3+PWBWsyswf+wPr5Bc/Xrxo=</latexit>

SiH = H =) Sl ⇠ SlSi

Local and Real

Local
<latexit sha1_base64="anBk6OM9/AlvI9tWs2d2gN3BItM=">AAACCnicbVDLSsNAFJ3UV42vqEs3g0VwVRIRdCMW3dhdBfuAJpTJdNIOnUnCzEQoIVs3foZbNy4UxK3g3o34N06aLrT1wMC559zLnXv8mFGpbPvbKC0sLi2vlFfNtfWNzS1re6clo0Rg0sQRi0THR5IwGpKmooqRTiwI4j4jbX90mfvtWyIkjcIbNY6Jx9EgpAHFSGmpZ0HoUq4XEQlTV3BYr2fQlZQXVSsze1bFrtoTwHniTEnl/MM8ix++zEbP+nT7EU44CRVmSMquY8fKS5FQFDOSmW4iSYzwCA1IV9MQcSK9dHJJBg+00odBJPQLFZyovydSxKUcc193cqSGctbLxf+8bqKCUy+lYZwoEuJiUZAwqCKYxwL7VBCs2FgThAXVf4V4iATCSoeXh+DMnjxP2kdV57jqONd2pXYBCpTBHtgHh8ABJ6AGrkADNAEGd+ARPIMX4954Ml6Nt6K1ZExndsEfGO8/mJ6cbQ==</latexit>

=) II ⇠ V
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SCATTERING DEVICES

(a) One-way mirror 
(b) One-way barrier 
(c) One-way T-Þlter 
(d) Mirror and 1-way transmitter 
(e) One-way R-Þlter 
(f)  Transparent 1-way reßector
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DESIGN OF POTENTIALS I:  
INTERPOLATING POLYNOMIALS

<latexit sha1_base64="HaTDbt0D+juWOR5NfwN8uql7N88=">AAACC3icbVC7SgNBFJ2Nrxhfq5Y2o0GIEOKuCNoEgjaWEcwDks0yO5kkk8w+mJkNWZbUafwIf8DGQkGsBBtLO//GyaPQxAOXezjnXmbucQJGhTSMby2xtLyyupZcT21sbm3v6Lt7ZeGHHJMS9pnPqw4ShFGPlCSVjFQDTpDrMFJxetdjv9InXFDfu5NRQCwXtT3aohhJJdn6YTkzyEYn+boIXTum2e4Q9md90KAwanRtPW3kjAngIjFnJF04fX8YfTbzRVv/qjd9HLrEk5ghIWqmEUgrRlxSzMgwVQ8FCRDuoTapKeohlwgrnpwyhMdKacKWz1V5Ek7U3xsxcoWIXEdNukh2xLw3Fv/zaqFsXVox9YJQEg9PH2qFDEofjnOBTcoJlixSBGFO1V8h7iCOsFTppVQI5vzJi6RyljPPc6Z5a6YLV2CKJDgARyADTHABCuAGFEEJYDACj+AZvGj32pP2qr1NRxPabGcf/IH28QNzvp2i</latexit>

V (x, y) =
P

i,j vi,jx
iyj

0.6 0.8 1.0 1.2 1.4
k d

0.2

0.4

0.6

0.8

1.0

c
o

e
ff

ic
ie

n
ts

<latexit sha1_base64="ZAoTPy3IDP4PXYcSXUe9S3i0KPU=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFEIQ6EUE3wqAblxWsU2iHkslk2jCZC0lGGEofQhAXCuLW13HXtzG9LLT1h8DH/59Dzjl+JrjStj22Siura+sb5c3K1vbO7l51/+BRpbmkrEVTkcq2TxQTPGEtzbVg7UwyEvuCuX50O8ndJyYVT5MHXWTMi0k/4SGnRBvLjXr2NT4LetW63bCnQsuA51B3at3Tl7FTNHvV726Q0jxmiaaCKNXBdqa9IZGaU8FGlW6uWEZoRPqsYzAhMVPecDruCB0bJ0BhKs1LNJq6vzuGJFaqiH1TGRM9UIvZxPwv6+Q6vPKGPMlyzRI6+yjMBdIpmuyOAi4Z1aIwQKjkZlZEB0QSqs2FKuYIeHHlZXDPG/iigfE9rjs3MFMZjqAGJ4DhEhy4gya0gEIEz/AG71ZmvVof1uestGTNew7hj6yvH8p+kgA=</latexit>

k0 = 1/d
<latexit sha1_base64="Ek3M7Sxuu5eZ6uiZ0nq45mYkcio=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm6FFEISSFEGXQTcuq1hTaNMymU7boZNJmJkIIe1DCOJCQdz6Ou76Nk4vC239YeDj/89hzjlBzJnStj2xcmvrG5tb+e3Czu7e/kHx8OhRRYkktE4iHslGgBXlTNC6ZprTRiwpDgNOvWB4M829JyoVi8SDTmPqh7gvWI8RrI3lje7bfNSudoplu2LPhFbBWUDZLbXOXyZuWusUv1vdiCQhFZpwrFTTsWPtZ1hqRjgdF1qJojEmQ9ynTYMCh1T52WzcMTo1Thf1Imme0Gjm/u7IcKhUGgamMsR6oJazqflf1kx078rPmIgTTQWZf9RLONIRmu6OukxSonlqABPJzKyIDLDERJsLFcwRnOWVV8GrVpyLiuPcOWX3GubKwwmU4AwcuAQXbqEGdSAwhGd4g3crtl6tD+tzXpqzFj3H8EfW1w/NiZKp</latexit>

|Rl|2
<latexit sha1_base64="EWNxZtMmREhVIk4HqbZHGzOwROE=">AAAB8HicbZDLSgMxFIbPeK3jrerSTbAIrspEBN2IRTd2V8FeoB1KJs20ocnMmGSEMvQl3LhQEHHni7h3I76N6WWhrT8EPv7/HHLOCRLBtfG8b2dhcWl5ZTW35q5vbG5t53d2azpOFWVVGotYNQKimeARqxpuBGskihEZCFYP+lejvH7PlOZxdGsGCfMl6UY85JQYazVaSqJauVxu5wte0RsLzQOeQuHiwz1P3r7cSjv/2erENJUsMlQQrZvYS4yfEWU4FWzotlLNEkL7pMuaFiMimfaz8bxDdGidDgpjZV9k0Nj93ZERqfVABrZSEtPTs9nI/C9rpiY88zMeJalhEZ18FKYCmRiNlkcdrhg1YmCBUMXtrIj2iCLU2BO59gh4duV5qB8X8UkR4xtcKF3CRDnYhwM4AgynUIJrqEAVKAh4gCd4du6cR+fFeZ2ULjjTnj34I+f9BxQ7ks0=</latexit>

VIII

<latexit sha1_base64="QXhZjaslBmHJqVPGE8xHvL4LDO0=">AAAB8XicbVA9SwNBEJ2LX/H8ilraLAbBKtyKoE0waGMZgzGR5Ax7m71kye7dsbsnhJBfYWOhIFr6Q+xtxH/j5qPQxAcDj/dmmDcTJIJr43nfTmZhcWl5Jbvqrq1vbG7ltndudJwqyqo0FrGqB0QzwSNWNdwIVk8UIzIQrBb0LkZ+7Z4pzePo2vQT5kvSiXjIKTFWuq0UK3fClmrl8l7BGwPNEzwl+bMPt5i8fbnlVu6z2Y5pKllkqCBaN7CXGH9AlOFUsKHbTDVLCO2RDmtYGhHJtD8YBx6iA6u0URgrW5FBY/X3xIBIrfsysJ2SmK6e9Ubif14jNeGpP+BRkhoW0cmiMBXIxGh0PWpzxagRfUsIVdxmRbRLFKHG/si1T8CzJ8+T2lEBHxcwvsL50jlMkIU92IdDwHACJbiEMlSBgoQHeIJnRzmPzovzOmnNONOZXfgD5/0H+lyTVQ==</latexit>

R = Rl = Rr

<latexit sha1_base64="kLzJACHpxe+4TBp9hka/R/4wlwc=">AAACA3icbVC7SgNBFJ2Nr5j4WLUSm8UoRIxhRwRthKCNZQRjAsm6zE5mk0lmH8zMBsKy2PgrNhYKInZW/oGdH6K1k0ehiQcuHM65l3vvcUJGhTTNTy01Mzs3v5BezGSXlldW9bX1axFEHJMKDljAaw4ShFGfVCSVjNRCTpDnMFJ1uucDv9ojXNDAv5L9kFgeavnUpRhJJdn6Zs+OaaGTnOYP4N5NTPc7iVI6BZrYes4smkMY0wSOSa608/X63st+l239o9EMcOQRX2KGhKhDM5RWjLikmJEk04gECRHuohapK+ojjwgrHr6QGLtKaRpuwFX50hiqvydi5AnR9xzV6SHZFpPeQPzPq0fSPbFi6oeRJD4eLXIjZsjAGORhNCknWLK+Ighzqm41cBtxhKVKLaNCgJMvT5PqYREeFSG8hLnSGRghDbbANsgDCI5BCVyAMqgADG7BPXgET9qd9qA9ay+j1pQ2ntkAf6C9/QBVsZr8</latexit>

vi,j = (�1)i+jvj,i

<latexit sha1_base64="wZmVBNlr/2eBAsNMj2u+mbuplYA=">AAACDHicbVC7SgNBFJ31GeNr1dJmSBAiSLIrgjaBoI1lBGMCSVxmZ2eTSWYfzMxKwrK1Nv6DX2BjoSA2FhaWdv6Nk00KTTxw4XDOvdx7jx0yKqRhfGtz8wuLS8uZlezq2vrGpr61fSWCiGNSwwELeMNGgjDqk5qkkpFGyAnybEbqdv9s5NdvCBc08C/lMCRtD3V86lKMpJIsPdcKBbViVuJJYbBfbonIs3oQp8pBL4GD656l542ikQLOEnNC8pXS+8Ptp1OuWvpXywlw5BFfYoaEaJpGKNsx4pJiRpJsKxIkRLiPOqSpqI88Itpx+ksC95TiQDfgqnwJU/X3RIw8IYaerTo9JLti2huJ/3nNSLon7Zj6YSSJj8eL3IhBGcBRMNChnGDJhoogzKm6FeIu4ghLFV9WhWBOvzxL6odF86homhdmvnIKxsiAXZADBWCCY1AB56AKagCDO/AInsGLdq89aa/a27h1TpvM7IA/0D5+AMXGnmE=</latexit>

 l/r(x) =
P

j cl/r,jx
j

Chosen wave vector

Enforce symmetry
<latexit sha1_base64="VzMi7/O++F2UMaunKaxZwbfkVPI=">AAAB73icdZBNS0JBFIbn2pfZl9WyzaAEQXCZ0fzaSW1aGmgKepW546iDcz+YmRuI+iOCaFEQbfs77fw3zdWCinph4OF9z2HOOW4ouNIILazE2vrG5lZyO7Wzu7d/kD48ulVBJClr0EAEsuUSxQT3WUNzLVgrlIx4rmBNd3wV5807JhUP/LqehMzxyNDnA06JNlZzVu+KWTfXS2eRjYqFSh5BZBcQLlUqBhAqlvM5iA3EylYznfOHRXVS66XfO/2ARh7zNRVEqTZGoXamRGpOBZunOpFiIaFjMmRtgz7xmHKmy3Hn8NQ4fTgIpHm+hkv3e8eUeEpNPNdUekSP1O8sNv/K2pEelJ0p98NIM5+uPhpEAuoAxrvDPpeMajExQKjkZlZIR0QSqs2FUuYIX5vC/6GZs/GFjfENzlYvwUpJcAIy4AxgUAJVcA1qoAEoGIN78ASerdB6tF6s11VpwvrsOQY/ZL19ADqdkvQ=</latexit>

|T l|2
<latexit sha1_base64="6qd18GNwrw+yBKXfd6tSp5FNSps=">AAAB73icdZDLSgMxFIYzXmu9VV26CS2CIJRJ8bobdOOyinUK7bRk0kwbmskMSUYYpn0IQVwoiFtfx13fxvQiVNEfAj/ffw455/gxZ0rb9shaWFxaXlnNreXXNza3tgs7u/cqSiShNRLxSNZ9rChngtY005zWY0lx6HPq+v2rce4+UKlYJO50GlMvxF3BAkawNsgd3LbkoFVpF0p22Z4IzpkTG12cIohmpOQUm0dPIyettgufzU5EkpAKTThWqoHsWHsZlpoRTof5ZqJojEkfd2nDWIFDqrxsMu4QHhjSgUEkzRMaTuh8R4ZDpdLQN5Uh1j31OxvDv7JGooNzL2MiTjQVZPpRkHCoIzjeHXaYpETz1BhMJDOzQtLDEhNtLpQ3R/jeFP5v3EoZHZcRukEl5xJMlQP7oAgOAQJnwAHXoApqgIA+eAQv4NWKrWfrzXqfli5Ys5498EPWxxf13ZLF</latexit>

|Rr |2
<latexit sha1_base64="wChXAPn+GWeUhETMJ0EUOo6CMFQ=">AAAB73icdZDLSgMxFIYzXmu9VV26CS2CIAyTcWjrbtCNywqtLfRGJk3b0ExmSDJCafsQgrhQELe+jru+jZlWQUV/CPx8/znknBPEnCntOHNrZXVtfWMzs5Xd3tnd288dHN6qKJGE1kjEI9kIsKKcCVrTTHPaiCXFYcBpPRhdpXn9jkrFIlHV45i2QzwQrM8I1gbVp9WOnHbcbq7g2BflousVoWM7Tgm5KDVuyTv3IDIkVcHPt84e5v640s29t3oRSUIqNOFYqSZyYt2eYKkZ4XSWbSWKxpiM8IA2jRU4pKo9WYw7gyeG9GA/kuYJDRf0e8cEh0qNw8BUhlgP1e8shX9lzUT3y+0JE3GiqSDLj/oJhzqC6e6wxyQlmo+NwUQyMyskQywx0eZCWXOEr03h/6bu2sizEbpBBf8SLJUBxyAPTgECJeCDa1ABNUDACNyDJ/Bsxdaj9WK9LktXrM+eI/BD1tsHOi2S8w==</latexit>

|Tr |2

Left boundary Conditions
<latexit sha1_base64="mazIjVRkq/CgLjQoVnM4mRll7S4=">AAAB7HicbZDNSgMxFIXv+NvWv6pLN8EiuLFMRNCFi6IblxWsLbZDyaSZNjSTGZKMtAx9BTcuVMStW9/FnU+jmbYLbT0Q+DjnXnLv9WPBtXHdL2dhcWl5ZTWXL6ytb2xuFbd3bnWUKMpqNBKRavhEM8ElqxluBGvEipHQF6zu9y+zvH7PlOaRvDHDmHkh6UoecEpMZg3OjzrtYsktu2OhecBTKFXy8cvdx+C72i5+tjoRTUImDRVE6yZ2Y+OlRBlOBRsVWolmMaF90mVNi5KETHvpeNYROrBOBwWRsk8aNHZ/d6Qk1HoY+rYyJKanZ7PM/C9rJiY481Iu48QwSScfBYlAJkLZ4qjDFaNGDC0QqridFdEeUYQae56CPQKeXXke6sdlfFLG+BqXKhcwUQ72YB8OAcMpVOAKqlADCj14gCd4dkLn0Xl13ialC860Zxf+yHn/AUgPke8=</latexit>

x < �d
<latexit sha1_base64="lYLBf9Q/QnTsZYx1vrBlxFQSIuQ=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSL4KpMRKgrLbpxWdHaQjuUTCbThmYyQ5IRy9BHcONCQdz6Qu58FHem0y609UDg45x7yb3XTwTXxnW/nMLS8srqWnG9tLG5tb1T3t2713GqKGvSWMSq7RPNBJesabgRrJ0oRiJfsJY/vJrkrQemNI/lnRklzItIX/KQU2Ksdft4HvTKFbfq5kKLgGdQufgOczV65c9uENM0YtJQQbTuYDcxXkaU4VSwcambapYQOiR91rEoScS0l+WjjtGRdQIUxso+aVDu/u7ISKT1KPJtZUTMQM9nE/O/rJOa8MzLuExSwySdfhSmApkYTfZGAVeMGjGyQKjidlZEB0QRaux1SvYIeH7lRWidVPFpFeMbXKlfwlRFOIBDOAYMNajDNTSgCRT68AQv8OoI59l5c96npQVn1rMPf+R8/ACc2JGE</latexit>

x > d

<latexit sha1_base64="mOh+EJAwNCkFxrmE77FG6i4g8ZQ=">AAACCnicbVDLSsNAFJ3UV62vqEs3Q4tQKZZEBN0IQTcuq1hbaNoymU7aIZMHMxNpCNm6cetnuHGhIG79Anf9G6ePhbYeuHDmnHuZe48TMSqkYYy03NLyyupafr2wsbm1vaPv7t2LMOaY1HHIQt50kCCMBqQuqWSkGXGCfIeRhuNdjf3GA+GChsGdTCLS9lE/oC7FSCqpq0M7ErTLysOjC9JJKfTgMKvcdhhUr2PqDbOuXjKqxgRwkZgzUrKKduV5ZCW1rv5t90Ic+ySQmCEhWqYRyXaKuKSYkaxgx4JECHuoT1qKBsgnop1OLsngoVJ60A25qkDCifp7IkW+EInvqE4fyYGY98bif14rlu55O6VBFEsS4OlHbsygDOE4FtijnGDJEkUQ5lTtCvEAcYSlCq+gQjDnT14kjZOqeVo1zRuzZF2CKfLgABRBGZjgDFjgGtRAHWDwCF7AG3jXnrRX7UP7nLbmtNnMPvgD7esHyg2ciw==</latexit>

 l(x) = eikx +Rle�ikx

<latexit sha1_base64="2nESxt0JwJMHpxQZKU9VKukkzCs=">AAACAXicbVDLSsNAFJ3UV62vqAsXboYWoSKURATdCEE3Liu0ttCkYTKdtEMnD2Ym0hCy8Rv8AzcuFMStf+Guf+P0sdDWAxcO59zLvfd4MaNCGsZYK6ysrq1vFDdLW9s7u3v6/sGDiBKOSRNHLOJtDwnCaEiakkpG2jEnKPAYaXnD24nfeiRc0ChsyDQmToD6IfUpRlJJrn5kx4K6rDo6vW50GSTdjMIhHOWuXjFqxhRwmZhzUrHK9tnz2Errrv5t9yKcBCSUmCEhOqYRSydDXFLMSF6yE0FihIeoTzqKhiggwsmmD+TwRCk96EdcVSjhVP09kaFAiDTwVGeA5EAsehPxP6+TSP/KyWgYJ5KEeLbITxiUEZykAXuUEyxZqgjCnKpbIR4gjrBUmZVUCObiy8ukdV4zL2qmeW9WrBswQxEcgzKoAhNcAgvcgTpoAgxy8ALewLv2pL1qH9rnrLWgzWcOwR9oXz8JQ5jU</latexit>

 l(x) = T leikx
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DESIGN OF POTENTIALS II: 
BORN APPROXIMATION

 Local PT potential

<latexit sha1_base64="9B2RYwCmXvv1e96eZ2mpyCfZtro=">AAAB9nicbVBNS8NAFHzxs9avqkcvoUUQhJoVQY9BLx6rtLbQxLLZbtqlm03Y3Sgl9F948OJBQbz6W7z137hpe9DWgYVh5j3e7AQJZ0o7zthaWl5ZXVsvbBQ3t7Z3dkt7+/cqTiWhDRLzWLYCrChngjY005y2EklxFHDaDAbXud98pFKxWNT1MKF+hHuChYxgbaQHL8K6TzDP6nen9VGnVHGqzgT2IkEzUnHL3snz2B3WOqVvrxuTNKJCE46VaiMn0X6GpWaE01HRSxVNMBngHm0bKnBElZ9NUo/sI6N07TCW5gltT9TfGxmOlBpGgZnMU6p5Lxf/89qpDi/9jIkk1VSQ6aEw5baO7bwCu8skJZoPDcFEMpPVJn0sMdGmqKIpAc1/eZE0z6rovIrQLaq4VzBFAQ6hDMeA4AJcuIEaNICAhBd4g3fryXq1PqzP6eiSNds5gD+wvn4ABdiVog==</latexit>

T R/T

-10 -5 5 10
x/�

-1.0
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0.5

V �
2
/�

5 10 15 20
k d

0.2

0.4

0.6

0.8

1.0

1.2

c
o
e
ff
ic

ie
n
ts

<latexit sha1_base64="Ek3M7Sxuu5eZ6uiZ0nq45mYkcio=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm6FFEISSFEGXQTcuq1hTaNMymU7boZNJmJkIIe1DCOJCQdz6Ou76Nk4vC239YeDj/89hzjlBzJnStj2xcmvrG5tb+e3Czu7e/kHx8OhRRYkktE4iHslGgBXlTNC6ZprTRiwpDgNOvWB4M829JyoVi8SDTmPqh7gvWI8RrI3lje7bfNSudoplu2LPhFbBWUDZLbXOXyZuWusUv1vdiCQhFZpwrFTTsWPtZ1hqRjgdF1qJojEmQ9ynTYMCh1T52WzcMTo1Thf1Imme0Gjm/u7IcKhUGgamMsR6oJazqflf1kx078rPmIgTTQWZf9RLONIRmu6OukxSonlqABPJzKyIDLDERJsLFcwRnOWVV8GrVpyLiuPcOWX3GubKwwmU4AwcuAQXbqEGdSAwhGd4g3crtl6tD+tzXpqzFj3H8EfW1w/NiZKp</latexit>

|Rl|2
<latexit sha1_base64="VzMi7/O++F2UMaunKaxZwbfkVPI=">AAAB73icdZBNS0JBFIbn2pfZl9WyzaAEQXCZ0fzaSW1aGmgKepW546iDcz+YmRuI+iOCaFEQbfs77fw3zdWCinph4OF9z2HOOW4ouNIILazE2vrG5lZyO7Wzu7d/kD48ulVBJClr0EAEsuUSxQT3WUNzLVgrlIx4rmBNd3wV5807JhUP/LqehMzxyNDnA06JNlZzVu+KWTfXS2eRjYqFSh5BZBcQLlUqBhAqlvM5iA3EylYznfOHRXVS66XfO/2ARh7zNRVEqTZGoXamRGpOBZunOpFiIaFjMmRtgz7xmHKmy3Hn8NQ4fTgIpHm+hkv3e8eUeEpNPNdUekSP1O8sNv/K2pEelJ0p98NIM5+uPhpEAuoAxrvDPpeMajExQKjkZlZIR0QSqs2FUuYIX5vC/6GZs/GFjfENzlYvwUpJcAIy4AxgUAJVcA1qoAEoGIN78ASerdB6tF6s11VpwvrsOQY/ZL19ADqdkvQ=</latexit>

|T l|2
<latexit sha1_base64="6qd18GNwrw+yBKXfd6tSp5FNSps=">AAAB73icdZDLSgMxFIYzXmu9VV26CS2CIJRJ8bobdOOyinUK7bRk0kwbmskMSUYYpn0IQVwoiFtfx13fxvQiVNEfAj/ffw455/gxZ0rb9shaWFxaXlnNreXXNza3tgs7u/cqSiShNRLxSNZ9rChngtY005zWY0lx6HPq+v2rce4+UKlYJO50GlMvxF3BAkawNsgd3LbkoFVpF0p22Z4IzpkTG12cIohmpOQUm0dPIyettgufzU5EkpAKTThWqoHsWHsZlpoRTof5ZqJojEkfd2nDWIFDqrxsMu4QHhjSgUEkzRMaTuh8R4ZDpdLQN5Uh1j31OxvDv7JGooNzL2MiTjQVZPpRkHCoIzjeHXaYpETz1BhMJDOzQtLDEhNtLpQ3R/jeFP5v3EoZHZcRukEl5xJMlQP7oAgOAQJnwAHXoApqgIA+eAQv4NWKrWfrzXqfli5Ys5498EPWxxf13ZLF</latexit>

|Rr |2
<latexit sha1_base64="wChXAPn+GWeUhETMJ0EUOo6CMFQ=">AAAB73icdZDLSgMxFIYzXmu9VV26CS2CIAyTcWjrbtCNywqtLfRGJk3b0ExmSDJCafsQgrhQELe+jru+jZlWQUV/CPx8/znknBPEnCntOHNrZXVtfWMzs5Xd3tnd288dHN6qKJGE1kjEI9kIsKKcCVrTTHPaiCXFYcBpPRhdpXn9jkrFIlHV45i2QzwQrM8I1gbVp9WOnHbcbq7g2BflousVoWM7Tgm5KDVuyTv3IDIkVcHPt84e5v640s29t3oRSUIqNOFYqSZyYt2eYKkZ4XSWbSWKxpiM8IA2jRU4pKo9WYw7gyeG9GA/kuYJDRf0e8cEh0qNw8BUhlgP1e8shX9lzUT3y+0JE3GiqSDLj/oJhzqC6e6wxyQlmo+NwUQyMyskQywx0eZCWXOEr03h/6bu2sizEbpBBf8SLJUBxyAPTgECJeCDa1ABNUDACNyDJ/Bsxdaj9WK9LktXrM+eI/BD1tsHOi2S8w==</latexit>

|Tr |2

<latexit sha1_base64="6sqDjdKidcArUL/H1AnfGC+mP0E=">AAAB8XicbVA9SwNBEJ2LX/H8ilraLAbBKtyKoE0waGMZITGR5Ax7m71kye7dsbsnhCO/wsZCQbT0h9jbiP/GTWKhiQ8GHu/NMG8mSATXxvO+nNzC4tLySn7VXVvf2NwqbO9c6zhVlNVpLGLVDIhmgkesbrgRrJkoRmQgWCMYXIz9xh1TmsdRzQwT5kvSi3jIKTFWuqmVa7fCluoUil7JmwDNE/xDimfvbjl5/XSrncJHuxvTVLLIUEG0bmEvMX5GlOFUsJHbTjVLCB2QHmtZGhHJtJ9NAo/QgVW6KIyVrcigifp7IiNS66EMbKckpq9nvbH4n9dKTXjqZzxKUsMiOl0UpgKZGI2vR12uGDViaAmhitusiPaJItTYH7n2CXj25HnSOCrh4xLGV7hYOYcp8rAH+3AIGE6gApdQhTpQkHAPj/DkKOfBeXZepq0552dmF/7AefsGA6mTWw==</latexit>

T = T l = T r

<latexit sha1_base64="Pf6Y8tNM4u+8fX0JdRg73KOGkPY="></latexit>

Rl = �
p

2! im
k! 2

!V (�2k)
<latexit sha1_base64="bgzaiJ1jeV/6NNYHfy9IcTsdXrE="></latexit>

Rr = !
!

2! im
k ! 2

!V (2k)

<latexit sha1_base64="STen9FZO1dowR9RdkH5//oZ5Org=">AAAB/XicbVDLSsNAFJ3UV62vaJduhhZBFEumCLoRgm5c1tLaQpuUyXTSDp08mJkIIa1f4d6NCwVx63+469+YtF1o9cCFwzn3cu89TsiZVIYx1XIrq2vrG/nNwtb2zu6evn9wL4NIENokAQ9E28GScubTpmKK03YoKPYcTlvO6CbzWw9USBb4DRWH1PLwwGcuI1ilUk8vjhtju3qFzpK6LSb2Sd3mhZ5eNirGDPAvQQtSNkvd06epGdd6+le3H5DIo74iHEvZQUaorAQLxQink0I3kjTEZIQHtJNSH3tUWsns+Ak8SpU+dAORlq/gTP05kWBPythz0k4Pq6Fc9jLxP68TKffSSpgfRor6ZL7IjThUAcySgH0mKFE8TgkmgqW3QjLEAhOV5pWFgJZf/kta1Qo6ryB0h8rmNZgjDw5BCRwDBC6ACW5BDTQBATF4Bq/gTXvUXrR37WPemtMWM0XwC9rnN676lu0=</latexit>

|T |2 = 1 ! Rr⇤Rl

<latexit sha1_base64="VDMchUVW2OHke80cIMbOJb0D5Vs=">AAACEnicbVDJSgNBEO1xjXEb9eilSRAiQpgJgl6EoBePEcwCmRB6eipJk57F7holDPkFL/opXjwoiFdP3vI3TpaDJj4oeLxXRVU9N5JCo2WNjKXlldW19cxGdnNre2fX3Nuv6TBWHKo8lKFquEyDFAFUUaCERqSA+a6Eutu/Gvv1e1BahMEtDiJo+awbiI7gDFOpbRacB+EBCukBrRX6x/SCOvpOYVJyIjGkDpNRj9F+Nts281bRmoAuEntG8uWcc/I8Kg8qbfPb8UIe+xAgl0zrpm1F2EqYQsElDLNOrCFivM+60ExpwHzQrWTy0ZAepYpHO6FKK0A6UX9PJMzXeuC7aafPsKfnvbH4n9eMsXPeSkQQxQgBny7qxJJiSMfxUE8o4CgHKWFcifRWyntMMY5piOMQ7PmXF0m9VLRPi7Z9Y+fLl2SKDDkkOVIgNjkjZXJNKqRKOHkkL+SNvBtPxqvxYXxOW5eM2cwB+QPj6wd84Z7s</latexit>

!V (k) =
!

2!" k
<latexit sha1_base64="t3yvp44RdEo8cNsCfKd8CA+gyeI=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXJWJCLoQLLpxWcE6hXYomTTThslkhiQjlKEP4caFgrj1ddz5KO7MTLvQ1gOBj3PuJffeIBVcG9f9cpaWV1bX1isb1c2t7Z3d2t7+g04yRVmbJiJRnYBoJrhkbcONYJ1UMRIHgnlBdFPk3iNTmify3oxT5sdkKHnIKTHW8iJ0idxqtV+ruw23FFoEPIP61XdYqtWvffYGCc1iJg0VROsudlPj50QZTgWbVHuZZimhERmyrkVJYqb9vBx3go6tM0BhouyTBpXu746cxFqP48BWxsSM9HxWmP9l3cyEF37OZZoZJun0ozATyCSo2B0NuGLUiLEFQhW3syI6IopQYy9UHAHPr7wI3mkDnzUwvsP15jVMVYFDOIITwHAOTbiFFrSBQgRP8AKvTuo8O2/O+7R0yZn1HMAfOR8/ThqRvQ==</latexit>

k < 0
<latexit sha1_base64="RxILXxfR0ZrLXDVI1SqjEfOK1QY=">AAAB/nicbVDLSsNAFJ34rPUVHzs3g0Wom5JIQTdC0Y3LCvYBbSiTyW07dDIJMxOlhuKvuHGhIG79Dnf+jZM2C209cOFwzr3ce48fc6a043xbS8srq2vrhY3i5tb2zq69t99UUSIpNGjEI9n2iQLOBDQ00xzasQQS+hxa/ug681v3IBWLxJ0ex+CFZCBYn1GijdSzD7sPLADNeAC4WR6d4kvsFHt2yak4U+BF4uakhHLUe/ZXN4hoEoLQlBOlOq4Tay8lUjPKYVLsJgpiQkdkAB1DBQlBeen0+gk+MUqA+5E0JTSeqr8nUhIqNQ590xkSPVTzXib+53US3b/wUibiRIOgs0X9hGMd4SwKHDAJVPOxIYRKZm7FdEgkodoEloXgzr+8SFpnFbdacd3baql2ledRQEfoGJWRi85RDd2gOmogih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gBgqJOs</latexit>

eV (k) = 0
<latexit sha1_base64="xOUz8qxz5DTVwxbdKQ84rbSysK4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUE9S9OKxorWFNpTNdtIu3WzC7kYooT/BiwcF8eof8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48etRxqhi2WCxi1QmoRsEltgw3AjuJQhoFAtvB+Gbmt59QaR7LBzNJ0I/oUPKQM2qsdD++cvvlilt15yCrxMtJBXI0++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDSz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0L6perep5d7VK4zrPowgncArn4EEdGnALTWgBgyE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fWq2Nqg==</latexit>

k > 0
<latexit sha1_base64="MaN8q5IZUPOdpA+mhpt5KNg2ek8="></latexit>

V (x) = ! lim
! ! 0

!
x2 ! "2

(x2 + "2)2 + i
2x"

(x2 + "2)2

"

Born approximation
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DESIGN OF POTENTIALS III:  
SEPARABLE POTENTIALS

<latexit sha1_base64="T90w1hooxzwhbYBoczI1sBSynSY=">AAACJXicbVDLSgMxFM3Ud31VXboJFkEQyowICiIU3bhUsA/olJJJ77ShmcyQ3BFK27/wB9z4K25cqIjgyl8xfYDaeiHk5JxzubknSKQw6LqfTmZufmFxaXklu7q2vrGZ29oumzjVHEo8lrGuBsyAFApKKFBCNdHAokBCJehcDvXKHWgjYnWL3QTqEWspEQrO0FKN3Fn5vNxwqS8hxD71k7agvhatNtqLqZaEseTLyYP/GPqNXN4tuKOis8CbgHxxzz+8/yx2rxu5N78Z8zQChVwyY2qem2C9xzQKLmGQ9VMDCeMd1oKahYpFYOq90ZIDum+ZJg1jbY9COmJ/d/RYZEw3CqwzYtg209qQ/E+rpRie1ntCJSmC4uNBYSopxnSYGG0KDRxl1wLGtbB/pbzNNONoc83aELzplWdB5ajgHRc878bGcUHGtUx2yR45IB45IUVyRa5JiXDyQJ7IC3l1Hp1n5935GFszzqRnh/wp5+sbdjWngA==</latexit>

V = V0 |�i h�|

<latexit sha1_base64="GNpK7Sr6oOGfX5SS14fa8ZEF0PE=">AAACAXicbVDLSgMxFM34bOtr1IULN8EiCMUyEUE3QtGNy1paW2xnSibNtKGZzJBkxFK68S9cu3GhKG79C3d+jaaPhbYeCPdwzr3c3OPHnCntOF/W3PzC4tJyKp1ZWV1b37A3t65VlEhCKyTikaz5WFHOBK1opjmtxZLi0Oe06ncvhn71lkrFIlHWvZi6IW4LFjCCtZGa9k7Z47myJw9NNSVX8njJk2eoaWedvDMCnCVoQrKFdPxw83r3XWzan41WRJKQCk04VqqOnFi7fSw1I5wOMo1E0RiTLm7TuqECh1S5/dEBA7hvlBYMImme0HCk/p7o41CpXuibzhDrjpr2huJ/Xj3RwanbZyJONBVkvChIONQRHKYBW0xSonnPEEwkM3+FpIMlJtpkljEhoOmTZ0n1KI+O8whdmTjOwRgpsAv2wAFA4AQUwCUoggogYAAewTN4se6tJ+vNeh+3zlmTmW3wB9bHD5jHmUs=</latexit>

Tl + Tr ! T l T r + Rl Rr = 1

<latexit sha1_base64="M6DOmMa6wXPOCENPjGVzVG99yZo="></latexit>

Tl = 1 !
2! im

p
"# (p)$! (p)

<latexit sha1_base64="ZX9sGvMOzBHdsJg0PqOdjTaKHdk="></latexit>

T r = 1 !
2! im

p
"# (! p)$! (! p)

<latexit sha1_base64="hdBOjM0FdCHf8tsTDtgUos9SQag="></latexit>

Rl = !
2! im

p
"# (! p)$! (p)

<latexit sha1_base64="UibOqSJYOPJkeCQ/+LbCgh4dKwo="></latexit>

Rr = !
2! im

p
"# (p)$! (! p)

<latexit sha1_base64="E8m6xBm/7zifzgKNK3m32Ta5fZs=">AAACCXicbVDLSgMxFM34rPU16tKFwSLUhWUiBd0IRRFctmAf0BmGTJppQzOZIckIZejSjb/ixoWCuPUP3Pk3pu0stPXA5R7OuZfkniDhTGnH+baWlldW19YLG8XNre2dXXtvv6XiVBLaJDGPZSfAinImaFMzzWknkRRHAaftYHgz8dsPVCoWi3s9SqgX4b5gISNYG8m3j1zMkwG+ckOJSdbynXGGzkyDDd8p356OfbvkVJwp4CJBOSmBHHXf/nJ7MUkjKjThWKkuchLtZVhqRjgdF91U0QSTIe7TrqECR1R52fSQMTwxSg+GsTQlNJyqvzcyHCk1igIzGWE9UPPeRPzP66Y6vPQyJpJUU0FmD4UphzqGk1Rgj0lKNB8Zgolk5q+QDLCJRJvsiiYENH/yImmfV1C1glCjWqpd53kUwCE4BmWAwAWogTtQB01AwCN4Bq/gzXqyXqx362M2umTlOwfgD6zPH9mmmF8=</latexit>

! =
V0

1 ! V0Q0(E)

<latexit sha1_base64="1YEX07de037JdWuD+ymtjG7EHAw=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoFy2JFHQjFKXQZQvWFpoYJtNJO3QyCTMToaT9Czf+ihsXCuK2O//G6WOhrQcuHM65l3vv8WNGpbKsbyOzsbm1vZPdze3tHxwemccnDzJKBCYtHLFIdHwkCaOctBRVjHRiQVDoM9L2h3czv/1EhKQRv1ejmLgh6nMaUIyUljyz3PSsQq144zDE+4xABw8oHMNCrVT3rOJjWrInYyceUEfMfc/MW2VrDrhO7CXJgyUanjl1ehFOQsIVZkjKrm3Fyk2RUBQzMsk5iSQxwkPUJ11NOQqJdNP5XxN4oZUeDCKhiys4V39PpCiUchT6ujNEaiBXvZn4n9dNVHDtppTHiSIcLxYFCYMqgrOQYI8KghUbaYKwoPpWiAdIIKx0lDkdgr368jppX5btStm2m5V89XaZRxacgXNQADa4AlVQBw3QAhg8g1fwDj6MF+PN+DS+Fq0ZYzlzCv7AmP4AEked2g==</latexit>

Q0(E ) = h�|(E � H0)�1|�i

Potential

Poles
<latexit sha1_base64="lBLfxBksHmOxUxI8QnPJE1alv20=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9lIQS9CUQSPLdgPaJclm2bb0Gx2TbKFUvo7vHhQEK/+F2/+G9N2D9r6YODx3gwz84JEcG1c99tZW9/Y3NrO7eR39/YPDgtHx00dp4qyBo1FrNoB0UxwyRqGG8HaiWIkCgRrBcO7md8aMaV5LB/NOGFeRPqSh5wSYyWv7rul+wvU9F10g/1C0S27c6BVgjNShAw1v/DV7cU0jZg0VBCtO9hNjDchynAq2DTfTTVLCB2SPutYKknEtDeZHz1F51bpoTBWtqRBc/X3xIREWo+jwHZGxAz0sjcT//M6qQmvvQmXSWqYpItFYSqQidEsAdTjilEjxpYQqri9FdEBUYQam1PehoCXX14lrcsyrpQxrleK1dssjxycwhmUAMMVVOEBatAACk/wDK/w5oycF+fd+Vi0rjnZzAn8gfP5AzGvkD4=</latexit>

Q0(E)V0 = 1

<latexit sha1_base64="+vVyF4eHn0od02XegOM9i/1y2yU=">AAACFnicbVDLSgMxFM34rPU16tJN8AEupMyIoBtBdOOyQmsLnTLcSTNtMJMJSaZQxv6EG/9E3LhQEbfizg/Rtelj4evA5R7OuZfknkhypo3nvTsTk1PTM7OFueL8wuLSsruyeqHTTBFaJSlPVT0CTTkTtGqY4bQuFYUk4rQWXZ4O/FqXKs1SUTE9SZsJtAWLGQFjpdDdrYR5Kvv4KAAuO4CvcCA7DAcKRJtTHPBxJ1a8Ct1Nr+QNgf8Sf0w2j7c+bp+685/l0H0LWinJEioM4aB1w/ekaeagDCOc9otBpqkEcglt2rBUQEJ1Mx9e1cfbVmnhOFW2hMFD9ftGDonWvSSykwmYjv7tDcT/vEZm4sNmzoTMDBVk9FCccWxSPIgIt5iixPCeJUAUs3/FpAMKiLFBFm0I/u+T/5LaXsnfL/n+uY3jBI1QQOtoA+0gHx2gY3SGyqiKCLpGd+gBPTo3zr3z7LyMRiec8c4a+gHn9Quja6Kz</latexit>

Top = ! |" !" #|

Forbids
<latexit sha1_base64="nPIOvpI9xW9VFOyui0KYMgVBCk8=">AAAB+XicbVDLSsNAFL2pr1ofjbp0M7QIglATEXRZdOOyltYWmlAm00k7dPJgZiLE0L9w58aFgrj1T9z1b5y0XWjrgYHDOfdyzxwv5kwqy5oahbX1jc2t4nZpZ3dvv2weHD7IKBGEtknEI9H1sKSchbStmOK0GwuKA4/Tjje+zf3OIxWSRWFLpTF1AzwMmc8IVlrqm2UnwGpEMM9azXPUnPTNqlWzZkCrxF6Qar3inD1P62mjb347g4gkAQ0V4VjKnm3Fys2wUIxwOik5iaQxJmM8pD1NQxxQ6Waz4BN0opUB8iOhX6jQTP29keFAyjTw9GQeUy57ufif10uUf+1mLIwTRUMyP+QnHKkI5S2gAROUKJ5qgolgOisiIywwUbqrki7BXv7yKulc1OzLmm3f6zpuYI4iHEMFTsGGK6jDHTSgDQQSeIE3eDeejFfjw/icjxaMxc4R/IHx9QPUtZX6</latexit>

T R/R
<latexit sha1_base64="Wl8TraSvKbKvrXLl4kTN7ai80ss=">AAAB9XicbVBNS8NAFHzxs9avqkcvS4sgCDURQY9VLx6rWFtoQtlsN+3SzSbubgoh9F8IXjwoiFf/i7f+GzdtD9o6sDDMvMebHT/mTGnbHltLyyura+uFjeLm1vbObmlv/1FFiSS0QSIeyZaPFeVM0IZmmtNWLCkOfU6b/uAm95tDKhWLxINOY+qFuCdYwAjWRvLcEOs+wTy7P70adUoVu2pPgBaJMyOVWtk9eR7X0nqn9O12I5KEVGjCsVJtx461l2GpGeF0VHQTRWNMBrhH24YKHFLlZZPQI3RklC4KImme0Gii/t7IcKhUGvpmMg+p5r1c/M9rJzq49DIm4kRTQaaHgoQjHaG8AdRlkhLNU0MwkcxkRaSPJSba9FQ0JTjzX14kzbOqc151nDtTxzVMUYBDKMMxOHABNbiFOjSAwBO8wBu8W0Pr1fqwPqejS9Zs5wD+wPr6AT7llTA=</latexit>

R/ Aand
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SEPARABLE POTENTIAL EXAMPLE

Always fulÞls 

<latexit sha1_base64="GqZ6T5Onnx7wWAk56Dalp6Aff4M="></latexit>

V (x, y) = V0

s
2ba2

~2(a+ b)

(
e�(a|y|+bx)/~ x > 0,

ea(x�|y|)/~ x < 0,

�

��

�

�
��

�

�

�

�

�
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

-100

-10-2

-10-4

�

�

�

<latexit sha1_base64="jmcodqHo3KnDc5VSFMdV4HMtHjQ=">AAACGnicbVBNS8MwGE79nPWr6tFLcCgeZLQi6GU49OJuE9wHrGWkWbqFJW1JUmGU/Q0vHv0bXjyoiDcRxH9j2u2gmw8JeXie9+XN+/gxo1LZ9rcxN7+wuLRcWDFX19Y3Nq2t7YaMEoFJHUcsEi0fScJoSOqKKkZasSCI+4w0/cFl5jdviZA0Cm/UMCYeR72QBhQjpaWOZaOyD13K9SwiYeoKDqvV6gi6R/k5gPrRJDca2jA7VtEu2TngLHEmpHj+apbjhy+z1rE+3G6EE05ChRmSsu3YsfJSJBTFjIxMN5EkRniAeqStaYg4kV6abzaC+1rpwiAS+oYK5urvjhRxKYfc15Ucqb6c9jLxP6+dqODMS2kYJ4qEeDwoSBhUEcxigl0qCFZsqAnCguq/QtxHAmGlw8xCcKZXniXN45JzUnKca7tYuQBjFMAu2AOHwAGnoAKuQA3UAQZ34BE8gxfj3ngy3oz3cemcMenZAX9gfP4AuVKgZQ==</latexit>

a = b =) III & VII

<latexit sha1_base64="c7Q6A067G+W1WHBCzyTpOdtacqU=">AAAB8HicbZDLSgMxFIbPeK3jrerSTbAIrsqMCLoRi27sroK9QDuUTJppQ5PMmGSEMvQl3LhQEHHni7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dhcWl5ZTW35q5vbG5t53d2azpOFaFVEvNYNUKsKWeSVg0znDYSRbEIOa2H/atRXr+nSrNY3ppBQgOBu5JFjGBjrUZLCVQrl8vtfMEremOhefCnULj4cM+Tty+30s5/tjoxSQWVhnCsddP3EhNkWBlGOB26rVTTBJM+7tKmRYkF1UE2nneIDq3TQVGs7JMGjd3fHRkWWg9EaCsFNj09m43M/7JmaqKzIGMySQ2VZPJRlHJkYjRaHnWYosTwgQVMFLOzItLDChNjT+TaI/izK89D/bjonxR9/8YrlC5hohzswwEcgQ+nUIJrqEAVCHB4gCd4du6cR+fFeZ2ULjjTnj34I+f9BxPrksw=</latexit>

VIII
<latexit sha1_base64="0/c2LSZ3RYETrxm0G05BL2cKLm8=">AAAB+XicbVDLSsNAFL3xWeujUZduQovQYlsSEXQjFN24rGAf0IYymU7boZNJmJlIY+hfuHPjQkHc+ifu+jdOHwttPXDhcM693HuPFzIqlW1PjLX1jc2t7dROendv/yBjHh7VZRAJTGo4YIFoekgSRjmpKaoYaYaCIN9jpOENb6d+45EISQP+oOKQuD7qc9qjGCktdcxMPT8qxoXrer4UF0ujQsfM2WV7BmuVOAuSq2TbZ8+TSlztmN/tboAjn3CFGZKy5dihchMkFMWMjNPtSJIQ4SHqk5amHPlEusns8LF1qpWu1QuELq6smfp7IkG+lLHv6U4fqYFc9qbif14rUr0rN6E8jBTheL6oFzFLBdY0BatLBcGKxZogLKi+1cIDJBBWOqu0DsFZfnmVNM7LzkXZce51HDcwRwpOIAt5cOASKnAHVagBhghe4A3ejSfj1fgwPueta8Zi5hj+wPj6AcIUlKQ=</latexit>

V (x, y) = V (�y,�x)

<latexit sha1_base64="MyelWK6pUKxA+gfQiZNWrmPlNak=">AAAB83icbVDLSgMxFM34rPVVdekmtAiCUGZE0I1QdOOyirWF6VgyaaYNzSRDckcY2v6FblwoiFt/xl3/xvSx0NYDCYdz7uXee8JEcAOuO3KWlldW19ZzG/nNre2d3cLe/oNRqaasRpVQuhESwwSXrAYcBGskmpE4FKwe9q7Hfv2JacOVvIcsYUFMOpJHnBKwkj+4exSDS/vrQatQcsvuBHiReDNSqhSbJ8+jSlZtFb6bbUXTmEmgghjje24CQZ9o4FSwYb6ZGpYQ2iMd5lsqScxM0J+sPMRHVmnjSGn7JOCJ+rujT2Jjsji0lTGBrpn3xuJ/np9CdBH0uUxSYJJOB0WpwKDw+H7c5ppREJklhGpud8W0SzShYFPK2xC8+ZMXSf207J2VPe/WxnGFpsihQ1REx8hD56iCblAV1RBFCr2gN/TugPPqfDif09IlZ9ZzgP7A+foBId+Ulw==</latexit>

|Rl| = |Rr|
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QUANTUM-OPTICAL IMPLEMENTATION
<latexit sha1_base64="8Ia1lK+dzQHbPGhjFWePLO+5eNs="></latexit>

H =
1

2m

!
p2

0
0
p2

"
+

!
2

!
0

! (x)!

! (x)
! (2" + i ! )

"

|2〉

|1〉

Ω(x)

γ
∆
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QUANTUM-OPTICAL IMPLEMENTATION
<latexit sha1_base64="8Ia1lK+dzQHbPGhjFWePLO+5eNs="></latexit>

H =
1

2m

!
p2

0
0
p2

"
+

!
2

!
0

! (x)!

! (x)
! (2" + i ! )

"

<latexit sha1_base64="ADvOnYbkD2JNhnvUq03yGYsxGEA="></latexit>

V (x, y) =
m
4

ei |x ! y |q

iq
! (x)! (y)"

|2〉

|1〉

Ω(x)

γ
∆

<latexit sha1_base64="ByybJ4tKCZN1zHmR3tutbYm6P2A="></latexit>

q =

!
2mE
!

!
1 +

2! + i !
2E/ !

" 1/ 2
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NUMERICAL RESULTS
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<latexit sha1_base64="grHsWSQn5wxnQFHR2Inr3gSVWHA=">AAAB+XicbVBNS8NAEJ34WetHox69LC2CINREBD1WvXis0NpCE8pmu22XbjZhdyPE0H/hzYsHBfHqP/HWf+Om7UFbHww83pthZl4Qc6a040ysldW19Y3NwlZxe2d3r2TvHzyoKJGENknEI9kOsKKcCdrUTHPajiXFYcBpKxjd5n7rkUrFItHQaUz9EA8E6zOCtZG6dinzCOaocXY9Lubo2hWn6kyBlok7J5Va2Tt9ntTSetf+9noRSUIqNOFYqY7rxNrPsNSMcDoueomiMSYjPKAdQwUOqfKz6eFjdGyUHupH0pTQaKr+nshwqFQaBqYzxHqoFr1c/M/rJLp/5WdMxImmgswW9ROOdITyFFCPSUo0Tw3BRDJzKyJDLDHRJqs8BHfx5WXSOq+6F1XXvTdx3MAMBTiCMpyAC5dQgzuoQxMIJPACb/BuPVmv1of1OWtdseYzh/AH1tcP/AWUHw==</latexit>

T /A

<latexit sha1_base64="M08EyR+cSNWxkWAVA7BUJD4h/6A=">AAAB+nicbVBNS8NAEJ3Ur1q/oh69LC2CINREBD1WvXisYm2hCWWz3bRLNx/sbgoh9F949OJBQbz6S7z137hJe9DWBwOP92aYmefFnEllWVOjtLK6tr5R3qxsbe/s7pn7B08ySgShLRLxSHQ8LClnIW0ppjjtxILiwOO07Y1uc789pkKyKHxUaUzdAA9C5jOClZZ6ppk5BHP0cHY9qRTomTWrbhVAy8Sek1qj6pw+Txtps2d+O/2IJAENFeFYyq5txcrNsFCMcDqpOImkMSYjPKBdTUMcUOlmxeUTdKyVPvIjoStUqFB/T2Q4kDINPN0ZYDWUi14u/ud1E+VfuRkL40TRkMwW+QlHKkJ5DKjPBCWKp5pgIpi+FZEhFpgoHVYegr348jJpn9fti7pt3+s4bmCGMhxBFU7AhktowB00oQUExvACb/BuZMar8WF8zlpLxnzmEP7A+PoBMOSUMQ==</latexit>

R/A

<latexit sha1_base64="U0+OpjkhiewkzxxVNzg/741hNUA=">AAAB+3icbVBNS8NAEJ34WetXqkcvS4sgCDURQY9VLx6rtLbQlLLZbtqlmw92N0qI/RdevXhQEK/+EW/9N27SHrT1wcDjvRlm5rkRZ1JZ1sRYWl5ZXVsvbBQ3t7Z3ds3S3r0MY0Fok4Q8FG0XS8pZQJuKKU7bkaDYdzltuaPrzG89UCFZGDRUEtGujwcB8xjBSks9s5Q6BHPUuDu5HBdz9MyKVbVyoEViz0ilVnaOnye1pN4zv51+SGKfBopwLGXHtiLVTbFQjHA6LjqxpBEmIzygHU0D7FPZTfPTx+hQK33khUJXoFCu/p5IsS9l4ru608dqKOe9TPzP68TKu+imLIhiRQMyXeTFHKkQZTmgPhOUKJ5ogolg+lZEhlhgonRaWQj2/MuLpHVatc+qtn2r47iCKQpwAGU4AhvOoQY3UIcmEHiEF3iDd+PJeDU+jM9p65Ixm9mHPzC+fgDbGZSP</latexit>

T R/ A

<latexit sha1_base64="BOhlIa2730Xs3gwbP9vGmg5E1CQ="></latexit>

! VIII (x) = a[g(x + x0) + ig(x � x0)]

<latexit sha1_base64="hCbAIsUmieVM87zTO741GLzheL8="></latexit>

! VI(x) = bg(x + x0) + cg(x ! x0)

<latexit sha1_base64="UcsBEjI22xdsVQJeUmzAYcTUPfE="></latexit>

⌦I(x) = �ibg(x+ x0) + cg(x� x0)

<latexit sha1_base64="m3k4Gr1TobDj7pZX0GG0Mxez/K8=">AAAB8XicbVDLSgNBEOz1GeMr6lGRwSB4Crsi6EUIevGYgDGRZAmzk9lkyMzsMjMrhCVHv8CLBwXx6g/kO7z5Df6Es0kOmljQUFR1090VxJxp47pfzsLi0vLKam4tv76xubVd2Nm901GiCK2RiEeqEWBNOZO0ZpjhtBErikXAaT3oX2d+/YEqzSJ5awYx9QXuShYygo2V7ltdLAS+dPPtQtEtuWOgeeJNSbF8MKp+Px6OKu3CZ6sTkURQaQjHWjc9NzZ+ipVhhNNhvpVoGmPSx13atFRiQbWfjg8eomOrdFAYKVvSoLH6eyLFQuuBCGynwKanZ71M/M9rJia88FMm48RQSSaLwoQjE6Hse9RhihLDB5Zgopi9FZEeVpgYm1EWgjf78jypn5a8s5LnVW0cVzBBDvbhCE7Ag3Moww1UoAYEBDzBC7w6ynl23pz3SeuCM53Zgz9wPn4AOx2Tig==</latexit>

! = 0
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CLASSICAL MOTION APPROXIMATION  
T/A  DEVICE
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<latexit sha1_base64="dHgYbNtGEGvpVhBSLCKPu19lDSA=">AAACA3icbVDLSgNBEJyNryS+Vj2Jl8EgeAq7Iugx6MVjBGOC2SXMTmaTIbMPZnpjwhK8+BN+gBcPBsSrP+HNr9HZJAdNLGgoqrrp7vJiwRVY1peRW1peWV3LF4rrG5tb2+bO7q2KEklZjUYikg2PKCZ4yGrAQbBGLBkJPMHqXu8y8+t9JhWPwhsYxswNSCfkPqcEtNQy9wfYkbzTBSJldI+dOMB9KGZomSWrbE2AF4k9I6VKIX66Gw++qy3z02lHNAlYCFQQpZq2FYObEgmcCjYqOoliMaE90mFNTUMSMOWmkxdG+EgrbexHUlcIeKL+nkhJoNQw8HRnQKCr5r1M/M9rJuCfuykP4wRYSKeL/ERgiHCWB25zySiIoSaESq5vxbRLJKGgU8tCsOdfXiT1k7J9Wrbtax3HBZoijw7QITpGNjpDFXSFqqiGKHpAz+gVjY1H48V4M96nrTljNrOH/sD4+AErxpl+</latexit>

x ! ± vtApproximation:

- 2 - 1 0 1 2
0.0

0.2

0.4

0.6

0.8

1.0

t/(� 103)

pr
ob

ab
ili

tie
s

-2 -1 0 1 2
0.0

0.2

0.4

0.6

0.8

1.0

t/(� 103)

p
ro

b
a

b
ili

tie
s

Square potentialsLeft Incidence

Right Incidence

<latexit sha1_base64="HcZ6X8xNAJduwyuxDS6wL0aEIes="></latexit>

i !
!
! t

" ± (t) = V(± vt)" ± (t)

<latexit sha1_base64="04DmWMVHBYTjoFKk5oNS+MJSQmE="></latexit>

V(x) =
!
2

! (! Z ! 1) +
!
2

!
"

#

" ! X ! ÷w < x < 0
! " ! Y 0 < x < ÷w

0 otherwise
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SUMMARY
¥ Symmetries imply scattering selection rules 
¥ Broad amount of asymmetric devices possible (beyond PT) 
¥ Non-Hermitian potentials possible in quantum optics
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