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Why nonlinear capacitances?
Family of quantum circuit elements
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⇠ cos(n�)

Smith et al.,

npj Quantum Inf (2020)

<latexit sha1_base64="R1iB938xi6jg/9ShW9NE9rFYpRQ=">AAACIHicjVDLTgIxFL2DDxBfoEs3jcTEFZkhRN2YEN24xCiPBCak0+lAQ6czaTtEMuET3Orer3FnXOrXWGA2iAtPcpOTc+5Je48Xc6a0bX9ZuY3Nre18Yae4u7d/cFgqH7VVlEhCWyTikex6WFHOBG1ppjntxpLi0OO0441v535nQqVikXjU05i6IR4KFjCCtZEexHVtUKrYVXsBtE6cjFQgQ3NQtvJ9PyJJSIUmHCvVc+xYuymWmhFOZ8V+omiMyRgPac9QgUOq3HTx1xk6M4qPgkiaERot1JWEP2GxyjJP/wylOFRqGnpmM8R6pH57c/Evr5fo4MpNmYgTTQVZPhQkHOkIzdtCPpOUaD41BBPJzIGIjLDERJtOi6Y653dR66RdqzoX1fp9vdK4yUoswAmcwjk4cAkNuIMmtIDAEJ7hBV6tN+vd+rA+l6s5K8scwwqs7x//5aI2</latexit>

n = 2
<latexit sha1_base64="iRz0/InIYE6UBrv+gXIJTkWC/Kk=">AAACK3icjZBLSwMxFIXv+Gqtr1aXboJFcFVmSlE3QtGNywr2Ae1YMplMG5rJDEmmWIb+D7e699e4Utz6P0zb2bR14YXA4Zx7SPJ5MWdK2/antbG5tb2Ty+8W9vYPDo+KpeOWihJJaJNEPJIdDyvKmaBNzTSnnVhSHHqctr3R3Sxvj6lULBKPehJTN8QDwQJGsDbWk7jp6UBikjrTtDrtF8t2xZ4PWhdOJsqQTaNfsnI9PyJJSIUmHCvVdexYuymWmhFOp4VeomiMyQgPaNdIgUOq3HT+7Ck6N46PgkiaIzSau0sNf8xilXWe/1lKcajUJPTMZoj1UK1mM/OvrJvo4NpNmYgTTQVZXBQkHOkIzcAhn0lKNJ8YgYlk5oOIDLFhpw3egkHnrIJaF61qxbms1B5q5fptBjEPp3AGF+DAFdThHhrQBAISXuAV3qx368P6sr4XqxtW1jmBpbF+fgGWY6cx</latexit>

n = 1
2

Family of quantum circuit elements

3



T. Herrig, DPG Frühjahrstagung

Why nonlinear capacitances?

<latexit sha1_base64="VIe0kjF2SkqxldEw4Ec0l2k4NSI=">AAAB73icbZDLSgMxFIbP1Futt6pLQYJFcFVmiqg7C266khbsBdqxZNJMG5rMjElGKEOXvoAbF4q49Q36FC7c+Qy+hOlloa0/BD7+/xxyzvEizpS27S8rtbS8srqWXs9sbG5t72R392oqjCWhVRLyUDY8rChnAa1qpjltRJJi4XFa9/pX47x+T6ViYXCjBxF1Be4GzGcEa2M1WooJdH1baGdzdt6eCC2CM4Pc5ceo8v1wOCq3s5+tTkhiQQNNOFaq6diRdhMsNSOcDjOtWNEIkz7u0qbBAAuq3GQy7xAdG6eD/FCaF2g0cX93JFgoNRCeqRRY99R8Njb/y5qx9i/chAVRrGlAph/5MUc6ROPlUYdJSjQfGMBEMjMrIj0sMdHmRBlzBGd+5UWoFfLOWf60YueKJZgqDQdwBCfgwDkUoQRlqAIBDo/wDC/WnfVkvVpv09KUNevZhz+y3n8AHhuT1A==</latexit>

⇠ N2
<latexit sha1_base64="WYPfP05bDMmUIoX5LIxryqlMzZc=">AAAB8nicbVA9SwNBEJ3zM8avqKXNYghYhbsgahmwSRnBfMBdDHubvWTJ7t6xuyeEIwi21jYWSrD119j5b9x8FJr4YODx3gwz88KEM21c99tZW9/Y3NrO7eR39/YPDgtHx00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wuHN1G89UKVZLO/MKKEdgfuSRYxgYyU/0EygIBmw+0q3UHTL7gxolXgLUqwWS89Pj5NJvVv4CnoxSQWVhnCste+5ielkWBlGOB3ng1TTBJMh7lPfUokF1Z1sdvIYlazSQ1GsbEmDZurviQwLrUcitJ0Cm4Fe9qbif56fmui6kzGZpIZKMl8UpRyZGE3/Rz2mKDF8ZAkmitlbERlghYmxKeVtCN7yy6ukWSl7l+WLW5tGDebIwSmcwTl4cAVVqEEdGkAghhd4g3fHOK/OxPmYt645i5kT+APn8wcvV5Q7</latexit>

⇠ �2

<latexit sha1_base64="UtRX27ETPsxD3gEJhjYTBqPDckI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF/FUxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD+27frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzSKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G0y4AqZERNLKFPc3krYiCrKjA2nZEPwll9eJa1a1busXtzXKvV6HkcRTuAUzsGDK6jDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBLW400</latexit>

WJ

<latexit sha1_base64="zfVPg3mT9DmGR9UxhXZIIEDr7Cw=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuLHMiKjLggu7rGAv0BmGTJppQ5PMkGSEMhR046u4caGIWx/ApTtfwacw03ahrQdCPv7/HJLzhwmjSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8DL327dEKhqLGz1KiM9RX9CIYqSNFNhlT1EOPZXygJqL9jnKIRnQgAZ2xak6k4KL4M6gUju++vjW47tGYH96vRinnAiNGVKq6zqJ9jMkNcWMjEteqkiC8BD1SdegQJwoP5ssMYaHRunBKJbmCA0n6u+JDHGlRjw0nRzpgZr3cvE/r5vq6MLPqEhSTQSePhSlDOoY5onAHpUEazYygLCk5q8QD5BEWJvcSiYEd37lRWidVN2z6um1W6nVwbSKoAwOwBFwwTmogTpogCbA4B48gmfwYj1YT9ar9TZtLVizmX3wp6z3H2tlm7Y=</latexit>

⇠
P

i �i�i

Weyl junction

Riwar et al.,

Nat. Commun. (2016)

trivial

materials

<latexit sha1_base64="fSoqP7PBe7Inebc/ImdA/rtwbNo=">AAAB+XicbVC7SgNBFJ2Nrxhf66OzGQxCbMKuiFoGLEwZwTwgu4TZyWwyZB7LzGwgLvkTGwtFLGz8EztL/8TJo9DEAxcO59zLvfdECaPaeN6Xk1tZXVvfyG8WtrZ3dvfc/YOGlqnCpI4lk6oVIU0YFaRuqGGklSiCeMRIMxrcTPzmkChNpbg3o4SEHPUEjSlGxkod1w005TDAUpdEkPTpWcctemVvCrhM/DkpVkoP37fvR1mt434GXYlTToTBDGnd9r3EhBlShmJGxoUg1SRBeIB6pG2pQJzoMJtePoanVunCWCpbwsCp+nsiQ1zrEY9sJ0emrxe9ifif105NfB1mVCSpIQLPFsUpg0bCSQywSxXBho0sQVhReyvEfaQQNjasgg3BX3x5mTTOy/5l+eLOplEFM+TBMTgBJeCDK1ABVVADdYDBEDyCZ/DiZM6T8+q8zVpzznzmEPyB8/EDJXuWXw==</latexit>

⇠ cos(n�)

Smith et al.,

npj Quantum Inf (2020)

<latexit sha1_base64="R1iB938xi6jg/9ShW9NE9rFYpRQ=">AAACIHicjVDLTgIxFL2DDxBfoEs3jcTEFZkhRN2YEN24xCiPBCak0+lAQ6czaTtEMuET3Orer3FnXOrXWGA2iAtPcpOTc+5Je48Xc6a0bX9ZuY3Nre18Yae4u7d/cFgqH7VVlEhCWyTikex6WFHOBG1ppjntxpLi0OO0441v535nQqVikXjU05i6IR4KFjCCtZEexHVtUKrYVXsBtE6cjFQgQ3NQtvJ9PyJJSIUmHCvVc+xYuymWmhFOZ8V+omiMyRgPac9QgUOq3HTx1xk6M4qPgkiaERot1JWEP2GxyjJP/wylOFRqGnpmM8R6pH57c/Evr5fo4MpNmYgTTQVZPhQkHOkIzdtCPpOUaD41BBPJzIGIjLDERJtOi6Y653dR66RdqzoX1fp9vdK4yUoswAmcwjk4cAkNuIMmtIDAEJ7hBV6tN+vd+rA+l6s5K8scwwqs7x//5aI2</latexit>

n = 2
<latexit sha1_base64="iRz0/InIYE6UBrv+gXIJTkWC/Kk=">AAACK3icjZBLSwMxFIXv+Gqtr1aXboJFcFVmSlE3QtGNywr2Ae1YMplMG5rJDEmmWIb+D7e699e4Utz6P0zb2bR14YXA4Zx7SPJ5MWdK2/antbG5tb2Ty+8W9vYPDo+KpeOWihJJaJNEPJIdDyvKmaBNzTSnnVhSHHqctr3R3Sxvj6lULBKPehJTN8QDwQJGsDbWk7jp6UBikjrTtDrtF8t2xZ4PWhdOJsqQTaNfsnI9PyJJSIUmHCvVdexYuymWmhFOp4VeomiMyQgPaNdIgUOq3HT+7Ck6N46PgkiaIzSau0sNf8xilXWe/1lKcajUJPTMZoj1UK1mM/OvrJvo4NpNmYgTTQVZXBQkHOkIzcAhn0lKNJ8YgYlk5oOIDLFhpw3egkHnrIJaF61qxbms1B5q5fptBjEPp3AGF+DAFdThHhrQBAISXuAV3qx368P6sr4XqxtW1jmBpbF+fgGWY6cx</latexit>

n = 1
2

Family of quantum circuit elements

3



T. Herrig, DPG Frühjahrstagung

Why nonlinear capacitances?

<latexit sha1_base64="VIe0kjF2SkqxldEw4Ec0l2k4NSI=">AAAB73icbZDLSgMxFIbP1Futt6pLQYJFcFVmiqg7C266khbsBdqxZNJMG5rMjElGKEOXvoAbF4q49Q36FC7c+Qy+hOlloa0/BD7+/xxyzvEizpS27S8rtbS8srqWXs9sbG5t72R392oqjCWhVRLyUDY8rChnAa1qpjltRJJi4XFa9/pX47x+T6ViYXCjBxF1Be4GzGcEa2M1WooJdH1baGdzdt6eCC2CM4Pc5ceo8v1wOCq3s5+tTkhiQQNNOFaq6diRdhMsNSOcDjOtWNEIkz7u0qbBAAuq3GQy7xAdG6eD/FCaF2g0cX93JFgoNRCeqRRY99R8Njb/y5qx9i/chAVRrGlAph/5MUc6ROPlUYdJSjQfGMBEMjMrIj0sMdHmRBlzBGd+5UWoFfLOWf60YueKJZgqDQdwBCfgwDkUoQRlqAIBDo/wDC/WnfVkvVpv09KUNevZhz+y3n8AHhuT1A==</latexit>

⇠ N2
<latexit sha1_base64="WYPfP05bDMmUIoX5LIxryqlMzZc=">AAAB8nicbVA9SwNBEJ3zM8avqKXNYghYhbsgahmwSRnBfMBdDHubvWTJ7t6xuyeEIwi21jYWSrD119j5b9x8FJr4YODx3gwz88KEM21c99tZW9/Y3NrO7eR39/YPDgtHx00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wuHN1G89UKVZLO/MKKEdgfuSRYxgYyU/0EygIBmw+0q3UHTL7gxolXgLUqwWS89Pj5NJvVv4CnoxSQWVhnCste+5ielkWBlGOB3ng1TTBJMh7lPfUokF1Z1sdvIYlazSQ1GsbEmDZurviQwLrUcitJ0Cm4Fe9qbif56fmui6kzGZpIZKMl8UpRyZGE3/Rz2mKDF8ZAkmitlbERlghYmxKeVtCN7yy6ukWSl7l+WLW5tGDebIwSmcwTl4cAVVqEEdGkAghhd4g3fHOK/OxPmYt645i5kT+APn8wcvV5Q7</latexit>

⇠ �2

<latexit sha1_base64="UtRX27ETPsxD3gEJhjYTBqPDckI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF/FUxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD+27frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzSKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G0y4AqZERNLKFPc3krYiCrKjA2nZEPwll9eJa1a1busXtzXKvV6HkcRTuAUzsGDK6jDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBLW400</latexit>

WJ

<latexit sha1_base64="zfVPg3mT9DmGR9UxhXZIIEDr7Cw=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuLHMiKjLggu7rGAv0BmGTJppQ5PMkGSEMhR046u4caGIWx/ApTtfwacw03ahrQdCPv7/HJLzhwmjSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8DL327dEKhqLGz1KiM9RX9CIYqSNFNhlT1EOPZXygJqL9jnKIRnQgAZ2xak6k4KL4M6gUju++vjW47tGYH96vRinnAiNGVKq6zqJ9jMkNcWMjEteqkiC8BD1SdegQJwoP5ssMYaHRunBKJbmCA0n6u+JDHGlRjw0nRzpgZr3cvE/r5vq6MLPqEhSTQSePhSlDOoY5onAHpUEazYygLCk5q8QD5BEWJvcSiYEd37lRWidVN2z6um1W6nVwbSKoAwOwBFwwTmogTpogCbA4B48gmfwYj1YT9ar9TZtLVizmX3wp6z3H2tlm7Y=</latexit>

⇠
P

i �i�i

Weyl junction

Riwar et al.,

Nat. Commun. (2016)

trivial

materials

<latexit sha1_base64="fSoqP7PBe7Inebc/ImdA/rtwbNo=">AAAB+XicbVC7SgNBFJ2Nrxhf66OzGQxCbMKuiFoGLEwZwTwgu4TZyWwyZB7LzGwgLvkTGwtFLGz8EztL/8TJo9DEAxcO59zLvfdECaPaeN6Xk1tZXVvfyG8WtrZ3dvfc/YOGlqnCpI4lk6oVIU0YFaRuqGGklSiCeMRIMxrcTPzmkChNpbg3o4SEHPUEjSlGxkod1w005TDAUpdEkPTpWcctemVvCrhM/DkpVkoP37fvR1mt434GXYlTToTBDGnd9r3EhBlShmJGxoUg1SRBeIB6pG2pQJzoMJtePoanVunCWCpbwsCp+nsiQ1zrEY9sJ0emrxe9ifif105NfB1mVCSpIQLPFsUpg0bCSQywSxXBho0sQVhReyvEfaQQNjasgg3BX3x5mTTOy/5l+eLOplEFM+TBMTgBJeCDK1ABVVADdYDBEDyCZ/DiZM6T8+q8zVpzznzmEPyB8/EDJXuWXw==</latexit>

⇠ cos(n�)

Smith et al.,

npj Quantum Inf (2020)

<latexit sha1_base64="R1iB938xi6jg/9ShW9NE9rFYpRQ=">AAACIHicjVDLTgIxFL2DDxBfoEs3jcTEFZkhRN2YEN24xCiPBCak0+lAQ6czaTtEMuET3Orer3FnXOrXWGA2iAtPcpOTc+5Je48Xc6a0bX9ZuY3Nre18Yae4u7d/cFgqH7VVlEhCWyTikex6WFHOBG1ppjntxpLi0OO0441v535nQqVikXjU05i6IR4KFjCCtZEexHVtUKrYVXsBtE6cjFQgQ3NQtvJ9PyJJSIUmHCvVc+xYuymWmhFOZ8V+omiMyRgPac9QgUOq3HTx1xk6M4qPgkiaERot1JWEP2GxyjJP/wylOFRqGnpmM8R6pH57c/Evr5fo4MpNmYgTTQVZPhQkHOkIzdtCPpOUaD41BBPJzIGIjLDERJtOi6Y653dR66RdqzoX1fp9vdK4yUoswAmcwjk4cAkNuIMmtIDAEJ7hBV6tN+vd+rA+l6s5K8scwwqs7x//5aI2</latexit>

n = 2
<latexit sha1_base64="iRz0/InIYE6UBrv+gXIJTkWC/Kk=">AAACK3icjZBLSwMxFIXv+Gqtr1aXboJFcFVmSlE3QtGNywr2Ae1YMplMG5rJDEmmWIb+D7e699e4Utz6P0zb2bR14YXA4Zx7SPJ5MWdK2/antbG5tb2Ty+8W9vYPDo+KpeOWihJJaJNEPJIdDyvKmaBNzTSnnVhSHHqctr3R3Sxvj6lULBKPehJTN8QDwQJGsDbWk7jp6UBikjrTtDrtF8t2xZ4PWhdOJsqQTaNfsnI9PyJJSIUmHCvVdexYuymWmhFOp4VeomiMyQgPaNdIgUOq3HT+7Ck6N46PgkiaIzSau0sNf8xilXWe/1lKcajUJPTMZoj1UK1mM/OvrJvo4NpNmYgTTQVZXBQkHOkIzcAhn0lKNJ8YgYlk5oOIDLFhpw3egkHnrIJaF61qxbms1B5q5fptBjEPp3AGF+DAFdThHhrQBAISXuAV3qx368P6sr4XqxtW1jmBpbF+fgGWY6cx</latexit>

n = 1
2

<latexit sha1_base64="HydwwjThzuSvJMIl7sVfRO2XomE=">AAAB+nicbVDLSgMxFM3UV62vqbpzEyxC3ZSZIuqy4MKupIJ9QGcomTTThiaTIckodeynuHGhiODKL3Hn0j8xfSy09cCFwzn3cu89Qcyo0o7zZWWWlldW17LruY3Nre0dO7/bUCKRmNSxYEK2AqQIoxGpa6oZacWSIB4w0gwGF2O/eUukoiK60cOY+Bz1IhpSjLSROnbeU5RDDwtVLHsxhVfHHbvglJwJ4CJxZ6RQKd5/X77vp7WO/el1BU44iTRmSKm268TaT5HUFDMyynmJIjHCA9QjbUMjxIny08npI3hklC4MhTQVaThRf0+kiCs15IHp5Ej31bw3Fv/z2okOz/2URnGiSYSni8KEQS3gOAfYpZJgzYaGICypuRXiPpIIa5NWzoTgzr+8SBrlkntaOrk2aVTBFFlwAA5BEbjgDFRAFdRAHWBwBx7BM3ixHqwn69V6m7ZmrNnMHvgD6+MH/KWWMw==</latexit>

⇠ cos(2⇡N)

Phase slip junction

Family of quantum circuit elements

3



T. Herrig, DPG Frühjahrstagung

Why nonlinear capacitances?

<latexit sha1_base64="VIe0kjF2SkqxldEw4Ec0l2k4NSI=">AAAB73icbZDLSgMxFIbP1Futt6pLQYJFcFVmiqg7C266khbsBdqxZNJMG5rMjElGKEOXvoAbF4q49Q36FC7c+Qy+hOlloa0/BD7+/xxyzvEizpS27S8rtbS8srqWXs9sbG5t72R392oqjCWhVRLyUDY8rChnAa1qpjltRJJi4XFa9/pX47x+T6ViYXCjBxF1Be4GzGcEa2M1WooJdH1baGdzdt6eCC2CM4Pc5ceo8v1wOCq3s5+tTkhiQQNNOFaq6diRdhMsNSOcDjOtWNEIkz7u0qbBAAuq3GQy7xAdG6eD/FCaF2g0cX93JFgoNRCeqRRY99R8Njb/y5qx9i/chAVRrGlAph/5MUc6ROPlUYdJSjQfGMBEMjMrIj0sMdHmRBlzBGd+5UWoFfLOWf60YueKJZgqDQdwBCfgwDkUoQRlqAIBDo/wDC/WnfVkvVpv09KUNevZhz+y3n8AHhuT1A==</latexit>

⇠ N2
<latexit sha1_base64="WYPfP05bDMmUIoX5LIxryqlMzZc=">AAAB8nicbVA9SwNBEJ3zM8avqKXNYghYhbsgahmwSRnBfMBdDHubvWTJ7t6xuyeEIwi21jYWSrD119j5b9x8FJr4YODx3gwz88KEM21c99tZW9/Y3NrO7eR39/YPDgtHx00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wuHN1G89UKVZLO/MKKEdgfuSRYxgYyU/0EygIBmw+0q3UHTL7gxolXgLUqwWS89Pj5NJvVv4CnoxSQWVhnCste+5ielkWBlGOB3ng1TTBJMh7lPfUokF1Z1sdvIYlazSQ1GsbEmDZurviQwLrUcitJ0Cm4Fe9qbif56fmui6kzGZpIZKMl8UpRyZGE3/Rz2mKDF8ZAkmitlbERlghYmxKeVtCN7yy6ukWSl7l+WLW5tGDebIwSmcwTl4cAVVqEEdGkAghhd4g3fHOK/OxPmYt645i5kT+APn8wcvV5Q7</latexit>

⇠ �2

<latexit sha1_base64="UtRX27ETPsxD3gEJhjYTBqPDckI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF/FUxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD+27frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzSKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G0y4AqZERNLKFPc3krYiCrKjA2nZEPwll9eJa1a1busXtzXKvV6HkcRTuAUzsGDK6jDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBLW400</latexit>

WJ

<latexit sha1_base64="zfVPg3mT9DmGR9UxhXZIIEDr7Cw=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuLHMiKjLggu7rGAv0BmGTJppQ5PMkGSEMhR046u4caGIWx/ApTtfwacw03ahrQdCPv7/HJLzhwmjSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8DL327dEKhqLGz1KiM9RX9CIYqSNFNhlT1EOPZXygJqL9jnKIRnQgAZ2xak6k4KL4M6gUju++vjW47tGYH96vRinnAiNGVKq6zqJ9jMkNcWMjEteqkiC8BD1SdegQJwoP5ssMYaHRunBKJbmCA0n6u+JDHGlRjw0nRzpgZr3cvE/r5vq6MLPqEhSTQSePhSlDOoY5onAHpUEazYygLCk5q8QD5BEWJvcSiYEd37lRWidVN2z6um1W6nVwbSKoAwOwBFwwTmogTpogCbA4B48gmfwYj1YT9ar9TZtLVizmX3wp6z3H2tlm7Y=</latexit>

⇠
P

i �i�i

Weyl junction

Riwar et al.,

Nat. Commun. (2016)

trivial

materials

<latexit sha1_base64="fSoqP7PBe7Inebc/ImdA/rtwbNo=">AAAB+XicbVC7SgNBFJ2Nrxhf66OzGQxCbMKuiFoGLEwZwTwgu4TZyWwyZB7LzGwgLvkTGwtFLGz8EztL/8TJo9DEAxcO59zLvfdECaPaeN6Xk1tZXVvfyG8WtrZ3dvfc/YOGlqnCpI4lk6oVIU0YFaRuqGGklSiCeMRIMxrcTPzmkChNpbg3o4SEHPUEjSlGxkod1w005TDAUpdEkPTpWcctemVvCrhM/DkpVkoP37fvR1mt434GXYlTToTBDGnd9r3EhBlShmJGxoUg1SRBeIB6pG2pQJzoMJtePoanVunCWCpbwsCp+nsiQ1zrEY9sJ0emrxe9ifif105NfB1mVCSpIQLPFsUpg0bCSQywSxXBho0sQVhReyvEfaQQNjasgg3BX3x5mTTOy/5l+eLOplEFM+TBMTgBJeCDK1ABVVADdYDBEDyCZ/DiZM6T8+q8zVpzznzmEPyB8/EDJXuWXw==</latexit>

⇠ cos(n�)

Smith et al.,

npj Quantum Inf (2020)

<latexit sha1_base64="R1iB938xi6jg/9ShW9NE9rFYpRQ=">AAACIHicjVDLTgIxFL2DDxBfoEs3jcTEFZkhRN2YEN24xCiPBCak0+lAQ6czaTtEMuET3Orer3FnXOrXWGA2iAtPcpOTc+5Je48Xc6a0bX9ZuY3Nre18Yae4u7d/cFgqH7VVlEhCWyTikex6WFHOBG1ppjntxpLi0OO0441v535nQqVikXjU05i6IR4KFjCCtZEexHVtUKrYVXsBtE6cjFQgQ3NQtvJ9PyJJSIUmHCvVc+xYuymWmhFOZ8V+omiMyRgPac9QgUOq3HTx1xk6M4qPgkiaERot1JWEP2GxyjJP/wylOFRqGnpmM8R6pH57c/Evr5fo4MpNmYgTTQVZPhQkHOkIzdtCPpOUaD41BBPJzIGIjLDERJtOi6Y653dR66RdqzoX1fp9vdK4yUoswAmcwjk4cAkNuIMmtIDAEJ7hBV6tN+vd+rA+l6s5K8scwwqs7x//5aI2</latexit>

n = 2
<latexit sha1_base64="iRz0/InIYE6UBrv+gXIJTkWC/Kk=">AAACK3icjZBLSwMxFIXv+Gqtr1aXboJFcFVmSlE3QtGNywr2Ae1YMplMG5rJDEmmWIb+D7e699e4Utz6P0zb2bR14YXA4Zx7SPJ5MWdK2/antbG5tb2Ty+8W9vYPDo+KpeOWihJJaJNEPJIdDyvKmaBNzTSnnVhSHHqctr3R3Sxvj6lULBKPehJTN8QDwQJGsDbWk7jp6UBikjrTtDrtF8t2xZ4PWhdOJsqQTaNfsnI9PyJJSIUmHCvVdexYuymWmhFOp4VeomiMyQgPaNdIgUOq3HT+7Ck6N46PgkiaIzSau0sNf8xilXWe/1lKcajUJPTMZoj1UK1mM/OvrJvo4NpNmYgTTQVZXBQkHOkIzcAhn0lKNJ8YgYlk5oOIDLFhpw3egkHnrIJaF61qxbms1B5q5fptBjEPp3AGF+DAFdThHhrQBAISXuAV3qx368P6sr4XqxtW1jmBpbF+fgGWY6cx</latexit>

n = 1
2

<latexit sha1_base64="3F7gG3kYTwMnQ1e9Qo6qqCE2n/s=">AAACAHicbVDLSsNAFJ3UV62v+AAXbgaLkIKUpIi6s+DCrqSCfUATymQ6aYdOJmFmItTQjb/ixoUP3PoZ7lz6J04fC209cOFwzr3ce48fMyqVbX8ZmYXFpeWV7GpubX1jc8vc3qnLKBGY1HDEItH0kSSMclJTVDHSjAVBoc9Iw+9fjvzGHRGSRvxWDWLihajLaUAxUlpqm/uupCF0cSStkhtTeF1wj6F1UWibebtojwHniTMl+bJ1/331updW2+an24lwEhKuMENSthw7Vl6KhKKYkWHOTSSJEe6jLmlpylFIpJeOHxjCI610YBAJXVzBsfp7IkWhlIPQ150hUj05643E/7xWooJzL6U8ThTheLIoSBhUERylATtUEKzYQBOEBdW3QtxDAmGlM8vpEJzZl+dJvVR0TosnNzqNCpggCw7AIbCAA85AGVRAFdQABkPwCJ7Bi/FgPBlvxvukNWNMZ3bBHxgfP9lVl6c=</latexit>

⇠ cos(2⇡N) (?)

Koliofoti & Riwar (2022)

arXiv:2204.13633

<latexit sha1_base64="HydwwjThzuSvJMIl7sVfRO2XomE=">AAAB+nicbVDLSgMxFM3UV62vqbpzEyxC3ZSZIuqy4MKupIJ9QGcomTTThiaTIckodeynuHGhiODKL3Hn0j8xfSy09cCFwzn3cu89Qcyo0o7zZWWWlldW17LruY3Nre0dO7/bUCKRmNSxYEK2AqQIoxGpa6oZacWSIB4w0gwGF2O/eUukoiK60cOY+Bz1IhpSjLSROnbeU5RDDwtVLHsxhVfHHbvglJwJ4CJxZ6RQKd5/X77vp7WO/el1BU44iTRmSKm268TaT5HUFDMyynmJIjHCA9QjbUMjxIny08npI3hklC4MhTQVaThRf0+kiCs15IHp5Ej31bw3Fv/z2okOz/2URnGiSYSni8KEQS3gOAfYpZJgzYaGICypuRXiPpIIa5NWzoTgzr+8SBrlkntaOrk2aVTBFFlwAA5BEbjgDFRAFdRAHWBwBx7BM3ixHqwn69V6m7ZmrNnMHvgD6+MH/KWWMw==</latexit>

⇠ cos(2⇡N)

Phase slip junction

Family of quantum circuit elements

3
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<latexit sha1_base64="VIe0kjF2SkqxldEw4Ec0l2k4NSI=">AAAB73icbZDLSgMxFIbP1Futt6pLQYJFcFVmiqg7C266khbsBdqxZNJMG5rMjElGKEOXvoAbF4q49Q36FC7c+Qy+hOlloa0/BD7+/xxyzvEizpS27S8rtbS8srqWXs9sbG5t72R392oqjCWhVRLyUDY8rChnAa1qpjltRJJi4XFa9/pX47x+T6ViYXCjBxF1Be4GzGcEa2M1WooJdH1baGdzdt6eCC2CM4Pc5ceo8v1wOCq3s5+tTkhiQQNNOFaq6diRdhMsNSOcDjOtWNEIkz7u0qbBAAuq3GQy7xAdG6eD/FCaF2g0cX93JFgoNRCeqRRY99R8Njb/y5qx9i/chAVRrGlAph/5MUc6ROPlUYdJSjQfGMBEMjMrIj0sMdHmRBlzBGd+5UWoFfLOWf60YueKJZgqDQdwBCfgwDkUoQRlqAIBDo/wDC/WnfVkvVpv09KUNevZhz+y3n8AHhuT1A==</latexit>

⇠ N2
<latexit sha1_base64="WYPfP05bDMmUIoX5LIxryqlMzZc=">AAAB8nicbVA9SwNBEJ3zM8avqKXNYghYhbsgahmwSRnBfMBdDHubvWTJ7t6xuyeEIwi21jYWSrD119j5b9x8FJr4YODx3gwz88KEM21c99tZW9/Y3NrO7eR39/YPDgtHx00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wuHN1G89UKVZLO/MKKEdgfuSRYxgYyU/0EygIBmw+0q3UHTL7gxolXgLUqwWS89Pj5NJvVv4CnoxSQWVhnCste+5ielkWBlGOB3ng1TTBJMh7lPfUokF1Z1sdvIYlazSQ1GsbEmDZurviQwLrUcitJ0Cm4Fe9qbif56fmui6kzGZpIZKMl8UpRyZGE3/Rz2mKDF8ZAkmitlbERlghYmxKeVtCN7yy6ukWSl7l+WLW5tGDebIwSmcwTl4cAVVqEEdGkAghhd4g3fHOK/OxPmYt645i5kT+APn8wcvV5Q7</latexit>

⇠ �2

New element to shape energy profile in charge space :N

<latexit sha1_base64="UtRX27ETPsxD3gEJhjYTBqPDckI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF/FUxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD+27frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzSKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G0y4AqZERNLKFPc3krYiCrKjA2nZEPwll9eJa1a1busXtzXKvV6HkcRTuAUzsGDK6jDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBLW400</latexit>

WJ

<latexit sha1_base64="zfVPg3mT9DmGR9UxhXZIIEDr7Cw=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuLHMiKjLggu7rGAv0BmGTJppQ5PMkGSEMhR046u4caGIWx/ApTtfwacw03ahrQdCPv7/HJLzhwmjSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8DL327dEKhqLGz1KiM9RX9CIYqSNFNhlT1EOPZXygJqL9jnKIRnQgAZ2xak6k4KL4M6gUju++vjW47tGYH96vRinnAiNGVKq6zqJ9jMkNcWMjEteqkiC8BD1SdegQJwoP5ssMYaHRunBKJbmCA0n6u+JDHGlRjw0nRzpgZr3cvE/r5vq6MLPqEhSTQSePhSlDOoY5onAHpUEazYygLCk5q8QD5BEWJvcSiYEd37lRWidVN2z6um1W6nVwbSKoAwOwBFwwTmogTpogCbA4B48gmfwYj1YT9ar9TZtLVizmX3wp6z3H2tlm7Y=</latexit>

⇠
P

i �i�i

Weyl junction

Riwar et al.,

Nat. Commun. (2016)

trivial

materials

<latexit sha1_base64="fSoqP7PBe7Inebc/ImdA/rtwbNo=">AAAB+XicbVC7SgNBFJ2Nrxhf66OzGQxCbMKuiFoGLEwZwTwgu4TZyWwyZB7LzGwgLvkTGwtFLGz8EztL/8TJo9DEAxcO59zLvfdECaPaeN6Xk1tZXVvfyG8WtrZ3dvfc/YOGlqnCpI4lk6oVIU0YFaRuqGGklSiCeMRIMxrcTPzmkChNpbg3o4SEHPUEjSlGxkod1w005TDAUpdEkPTpWcctemVvCrhM/DkpVkoP37fvR1mt434GXYlTToTBDGnd9r3EhBlShmJGxoUg1SRBeIB6pG2pQJzoMJtePoanVunCWCpbwsCp+nsiQ1zrEY9sJ0emrxe9ifif105NfB1mVCSpIQLPFsUpg0bCSQywSxXBho0sQVhReyvEfaQQNjasgg3BX3x5mTTOy/5l+eLOplEFM+TBMTgBJeCDK1ABVVADdYDBEDyCZ/DiZM6T8+q8zVpzznzmEPyB8/EDJXuWXw==</latexit>

⇠ cos(n�)

Smith et al.,

npj Quantum Inf (2020)

<latexit sha1_base64="R1iB938xi6jg/9ShW9NE9rFYpRQ=">AAACIHicjVDLTgIxFL2DDxBfoEs3jcTEFZkhRN2YEN24xCiPBCak0+lAQ6czaTtEMuET3Orer3FnXOrXWGA2iAtPcpOTc+5Je48Xc6a0bX9ZuY3Nre18Yae4u7d/cFgqH7VVlEhCWyTikex6WFHOBG1ppjntxpLi0OO0441v535nQqVikXjU05i6IR4KFjCCtZEexHVtUKrYVXsBtE6cjFQgQ3NQtvJ9PyJJSIUmHCvVc+xYuymWmhFOZ8V+omiMyRgPac9QgUOq3HTx1xk6M4qPgkiaERot1JWEP2GxyjJP/wylOFRqGnpmM8R6pH57c/Evr5fo4MpNmYgTTQVZPhQkHOkIzdtCPpOUaD41BBPJzIGIjLDERJtOi6Y653dR66RdqzoX1fp9vdK4yUoswAmcwjk4cAkNuIMmtIDAEJ7hBV6tN+vd+rA+l6s5K8scwwqs7x//5aI2</latexit>

n = 2
<latexit sha1_base64="iRz0/InIYE6UBrv+gXIJTkWC/Kk=">AAACK3icjZBLSwMxFIXv+Gqtr1aXboJFcFVmSlE3QtGNywr2Ae1YMplMG5rJDEmmWIb+D7e699e4Utz6P0zb2bR14YXA4Zx7SPJ5MWdK2/antbG5tb2Ty+8W9vYPDo+KpeOWihJJaJNEPJIdDyvKmaBNzTSnnVhSHHqctr3R3Sxvj6lULBKPehJTN8QDwQJGsDbWk7jp6UBikjrTtDrtF8t2xZ4PWhdOJsqQTaNfsnI9PyJJSIUmHCvVdexYuymWmhFOp4VeomiMyQgPaNdIgUOq3HT+7Ck6N46PgkiaIzSau0sNf8xilXWe/1lKcajUJPTMZoj1UK1mM/OvrJvo4NpNmYgTTQVZXBQkHOkIzcAhn0lKNJ8YgYlk5oOIDLFhpw3egkHnrIJaF61qxbms1B5q5fptBjEPp3AGF+DAFdThHhrQBAISXuAV3qx368P6sr4XqxtW1jmBpbF+fgGWY6cx</latexit>

n = 1
2

<latexit sha1_base64="3F7gG3kYTwMnQ1e9Qo6qqCE2n/s=">AAACAHicbVDLSsNAFJ3UV62v+AAXbgaLkIKUpIi6s+DCrqSCfUATymQ6aYdOJmFmItTQjb/ixoUP3PoZ7lz6J04fC209cOFwzr3ce48fMyqVbX8ZmYXFpeWV7GpubX1jc8vc3qnLKBGY1HDEItH0kSSMclJTVDHSjAVBoc9Iw+9fjvzGHRGSRvxWDWLihajLaUAxUlpqm/uupCF0cSStkhtTeF1wj6F1UWibebtojwHniTMl+bJ1/331updW2+an24lwEhKuMENSthw7Vl6KhKKYkWHOTSSJEe6jLmlpylFIpJeOHxjCI610YBAJXVzBsfp7IkWhlIPQ150hUj05643E/7xWooJzL6U8ThTheLIoSBhUERylATtUEKzYQBOEBdW3QtxDAmGlM8vpEJzZl+dJvVR0TosnNzqNCpggCw7AIbCAA85AGVRAFdQABkPwCJ7Bi/FgPBlvxvukNWNMZ3bBHxgfP9lVl6c=</latexit>

⇠ cos(2⇡N) (?)

Koliofoti & Riwar (2022)

arXiv:2204.13633

<latexit sha1_base64="HydwwjThzuSvJMIl7sVfRO2XomE=">AAAB+nicbVDLSgMxFM3UV62vqbpzEyxC3ZSZIuqy4MKupIJ9QGcomTTThiaTIckodeynuHGhiODKL3Hn0j8xfSy09cCFwzn3cu89Qcyo0o7zZWWWlldW17LruY3Nre0dO7/bUCKRmNSxYEK2AqQIoxGpa6oZacWSIB4w0gwGF2O/eUukoiK60cOY+Bz1IhpSjLSROnbeU5RDDwtVLHsxhVfHHbvglJwJ4CJxZ6RQKd5/X77vp7WO/el1BU44iTRmSKm268TaT5HUFDMyynmJIjHCA9QjbUMjxIny08npI3hklC4MhTQVaThRf0+kiCs15IHp5Ej31bw3Fv/z2okOz/2URnGiSYSni8KEQS3gOAfYpZJgzYaGICypuRXiPpIIa5NWzoTgzr+8SBrlkntaOrk2aVTBFFlwAA5BEbjgDFRAFdRAHWBwBx7BM3ixHqwn69V6m7ZmrNnMHvgD6+MH/KWWMw==</latexit>

⇠ cos(2⇡N)

Phase slip junction

Family of quantum circuit elements

<latexit sha1_base64="fAVtcsB3gA0FNo+svwtAws5a5Ug=">AAAB7nicbVDLSsNAFL2pr1pfVZeCDBbBVUlE1J0FN122YB/QhjKZTNqhk0mYmQgldOkHuHGhiFs/oV/hwp3f4E84TbvQ1gMXDuecy314MWdK2/aXlVtZXVvfyG8WtrZ3dveK+wdNFSWS0AaJeCTbHlaUM0EbmmlO27GkOPQ4bXnD26nfuqdSsUjc6VFM3RD3BQsYwdpIrS43UR/3iiW7bGdAy8SZk9LNx6T+/XA8qfWKn10/IklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcNFt3jE6N4qMgkqaERpn6uyPFoVKj0DPJEOuBWvSm4n9eJ9HBtZsyESeaCjIbFCQc6QhNb0c+k5RoPjIEE8nMrogMsMREmw8VzBOcxZOXSfO87FyWL+p2qVKFGfJwBCdwBg5cQQWqUIMGEBjCIzzDixVbT9ar9TaL5qx5zyH8gfX+Ax55k+Q=</latexit>

�
<latexit sha1_base64="+TPJ8zb3aB3kPa3yHu24MeCEXoU=">AAACDXicbVDLSsNAFJ34ao2vqCtxM1iFuilJEXVZcNOVtGAf0IQwmU7aoTNJmJkIJfQH3Pgrblwo4tadC3f+jZO2C209cOFwzr0z954gYVQq2/42VlbX1jcKxU1za3tnd8/aP2jLOBWYtHDMYtENkCSMRqSlqGKkmwiCeMBIJxjd5H7nnghJ4+hOjRPicTSIaEgxUlryrVNXUg5dHEs3oANWrroJhS7TD/QRvIW5KM59q2RX7CngMnHmpFRzzObRZ8Fv+NaX249xykmkMENS9hw7UV6GhKKYkYnpppIkCI/QgPQ0jRAn0sum10zgmVb6MIyFrkjBqfp7IkNcyjEPdCdHaigXvVz8z+ulKrz2MholqSIRnn0UpgyqGObRwD4VBCs21gRhQfWuEA+RQFjpAE0dgrN48jJpVyvOZeWiqdOogxmK4BicgDJwwBWogTpogBbA4AE8gRfwajwaz8ab8T5rXTHmM4fgD4yPH2mKnLo=</latexit>

⇠ cos
�
2⇡�N

�

<latexit sha1_base64="+zETAOKVn6hq1FdtE+/FHe7M7Kg=">AAACNXicjVBNS8MwGE7mx+b82hS8eAkOwdNoZajHgZcdp7gPWMtI03QLS9OSpMNR92e86t3f4sGbePUvmG69uHnwgcDD80F4Hy/mTGnLeoeFjc2t7WJpp7y7t39wWKkedVWUSEI7JOKR7HtYUc4E7WimOe3HkuLQ47TnTW4zvzelUrFIPOhZTN0QjwQLGMHaSMPKicNN2MfIYQI5IdZjz0vv58NKzapbC6B1YuekBnK0h1VYdPyIJCEVmnCs1MC2Yu2mWGpGOJ2XnUTRGJMJHtGBoQKHVLnp4oA5OjeKj4JImic0Wqi/Gv6UxSrvPP6zlOJQqVnomWR2l1r1MvEvb5Do4MZNmYgTTQVZfhQkHOkIZRMin0lKNJ8Zgolk5kBExlhios3QZTOdvTrUOule1u2reuOuUWu28hFL4BScgQtgg2vQBC3QBh1AwBN4Bi/gFb7BD/gJv5bRAsw7x+AX4PcPX7Sqkg==</latexit>

� 2 R
3
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<latexit sha1_base64="VIe0kjF2SkqxldEw4Ec0l2k4NSI=">AAAB73icbZDLSgMxFIbP1Futt6pLQYJFcFVmiqg7C266khbsBdqxZNJMG5rMjElGKEOXvoAbF4q49Q36FC7c+Qy+hOlloa0/BD7+/xxyzvEizpS27S8rtbS8srqWXs9sbG5t72R392oqjCWhVRLyUDY8rChnAa1qpjltRJJi4XFa9/pX47x+T6ViYXCjBxF1Be4GzGcEa2M1WooJdH1baGdzdt6eCC2CM4Pc5ceo8v1wOCq3s5+tTkhiQQNNOFaq6diRdhMsNSOcDjOtWNEIkz7u0qbBAAuq3GQy7xAdG6eD/FCaF2g0cX93JFgoNRCeqRRY99R8Njb/y5qx9i/chAVRrGlAph/5MUc6ROPlUYdJSjQfGMBEMjMrIj0sMdHmRBlzBGd+5UWoFfLOWf60YueKJZgqDQdwBCfgwDkUoQRlqAIBDo/wDC/WnfVkvVpv09KUNevZhz+y3n8AHhuT1A==</latexit>

⇠ N2
<latexit sha1_base64="WYPfP05bDMmUIoX5LIxryqlMzZc=">AAAB8nicbVA9SwNBEJ3zM8avqKXNYghYhbsgahmwSRnBfMBdDHubvWTJ7t6xuyeEIwi21jYWSrD119j5b9x8FJr4YODx3gwz88KEM21c99tZW9/Y3NrO7eR39/YPDgtHx00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wuHN1G89UKVZLO/MKKEdgfuSRYxgYyU/0EygIBmw+0q3UHTL7gxolXgLUqwWS89Pj5NJvVv4CnoxSQWVhnCste+5ielkWBlGOB3ng1TTBJMh7lPfUokF1Z1sdvIYlazSQ1GsbEmDZurviQwLrUcitJ0Cm4Fe9qbif56fmui6kzGZpIZKMl8UpRyZGE3/Rz2mKDF8ZAkmitlbERlghYmxKeVtCN7yy6ukWSl7l+WLW5tGDebIwSmcwTl4cAVVqEEdGkAghhd4g3fHOK/OxPmYt645i5kT+APn8wcvV5Q7</latexit>

⇠ �2

New element to shape energy profile in charge space :N

 Dirac physics and charge localization⟶

<latexit sha1_base64="UtRX27ETPsxD3gEJhjYTBqPDckI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF/FUxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD+27frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzSKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G0y4AqZERNLKFPc3krYiCrKjA2nZEPwll9eJa1a1busXtzXKvV6HkcRTuAUzsGDK6jDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBLW400</latexit>

WJ

<latexit sha1_base64="zfVPg3mT9DmGR9UxhXZIIEDr7Cw=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuLHMiKjLggu7rGAv0BmGTJppQ5PMkGSEMhR046u4caGIWx/ApTtfwacw03ahrQdCPv7/HJLzhwmjSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8DL327dEKhqLGz1KiM9RX9CIYqSNFNhlT1EOPZXygJqL9jnKIRnQgAZ2xak6k4KL4M6gUju++vjW47tGYH96vRinnAiNGVKq6zqJ9jMkNcWMjEteqkiC8BD1SdegQJwoP5ssMYaHRunBKJbmCA0n6u+JDHGlRjw0nRzpgZr3cvE/r5vq6MLPqEhSTQSePhSlDOoY5onAHpUEazYygLCk5q8QD5BEWJvcSiYEd37lRWidVN2z6um1W6nVwbSKoAwOwBFwwTmogTpogCbA4B48gmfwYj1YT9ar9TZtLVizmX3wp6z3H2tlm7Y=</latexit>

⇠
P

i �i�i

Weyl junction

Riwar et al.,

Nat. Commun. (2016)

trivial

materials

<latexit sha1_base64="fSoqP7PBe7Inebc/ImdA/rtwbNo=">AAAB+XicbVC7SgNBFJ2Nrxhf66OzGQxCbMKuiFoGLEwZwTwgu4TZyWwyZB7LzGwgLvkTGwtFLGz8EztL/8TJo9DEAxcO59zLvfdECaPaeN6Xk1tZXVvfyG8WtrZ3dvfc/YOGlqnCpI4lk6oVIU0YFaRuqGGklSiCeMRIMxrcTPzmkChNpbg3o4SEHPUEjSlGxkod1w005TDAUpdEkPTpWcctemVvCrhM/DkpVkoP37fvR1mt434GXYlTToTBDGnd9r3EhBlShmJGxoUg1SRBeIB6pG2pQJzoMJtePoanVunCWCpbwsCp+nsiQ1zrEY9sJ0emrxe9ifif105NfB1mVCSpIQLPFsUpg0bCSQywSxXBho0sQVhReyvEfaQQNjasgg3BX3x5mTTOy/5l+eLOplEFM+TBMTgBJeCDK1ABVVADdYDBEDyCZ/DiZM6T8+q8zVpzznzmEPyB8/EDJXuWXw==</latexit>

⇠ cos(n�)

Smith et al.,

npj Quantum Inf (2020)

<latexit sha1_base64="R1iB938xi6jg/9ShW9NE9rFYpRQ=">AAACIHicjVDLTgIxFL2DDxBfoEs3jcTEFZkhRN2YEN24xCiPBCak0+lAQ6czaTtEMuET3Orer3FnXOrXWGA2iAtPcpOTc+5Je48Xc6a0bX9ZuY3Nre18Yae4u7d/cFgqH7VVlEhCWyTikex6WFHOBG1ppjntxpLi0OO0441v535nQqVikXjU05i6IR4KFjCCtZEexHVtUKrYVXsBtE6cjFQgQ3NQtvJ9PyJJSIUmHCvVc+xYuymWmhFOZ8V+omiMyRgPac9QgUOq3HTx1xk6M4qPgkiaERot1JWEP2GxyjJP/wylOFRqGnpmM8R6pH57c/Evr5fo4MpNmYgTTQVZPhQkHOkIzdtCPpOUaD41BBPJzIGIjLDERJtOi6Y653dR66RdqzoX1fp9vdK4yUoswAmcwjk4cAkNuIMmtIDAEJ7hBV6tN+vd+rA+l6s5K8scwwqs7x//5aI2</latexit>

n = 2
<latexit sha1_base64="iRz0/InIYE6UBrv+gXIJTkWC/Kk=">AAACK3icjZBLSwMxFIXv+Gqtr1aXboJFcFVmSlE3QtGNywr2Ae1YMplMG5rJDEmmWIb+D7e699e4Utz6P0zb2bR14YXA4Zx7SPJ5MWdK2/antbG5tb2Ty+8W9vYPDo+KpeOWihJJaJNEPJIdDyvKmaBNzTSnnVhSHHqctr3R3Sxvj6lULBKPehJTN8QDwQJGsDbWk7jp6UBikjrTtDrtF8t2xZ4PWhdOJsqQTaNfsnI9PyJJSIUmHCvVdexYuymWmhFOp4VeomiMyQgPaNdIgUOq3HT+7Ck6N46PgkiaIzSau0sNf8xilXWe/1lKcajUJPTMZoj1UK1mM/OvrJvo4NpNmYgTTQVZXBQkHOkIzcAhn0lKNJ8YgYlk5oOIDLFhpw3egkHnrIJaF61qxbms1B5q5fptBjEPp3AGF+DAFdThHhrQBAISXuAV3qx368P6sr4XqxtW1jmBpbF+fgGWY6cx</latexit>

n = 1
2

<latexit sha1_base64="3F7gG3kYTwMnQ1e9Qo6qqCE2n/s=">AAACAHicbVDLSsNAFJ3UV62v+AAXbgaLkIKUpIi6s+DCrqSCfUATymQ6aYdOJmFmItTQjb/ixoUP3PoZ7lz6J04fC209cOFwzr3ce48fMyqVbX8ZmYXFpeWV7GpubX1jc8vc3qnLKBGY1HDEItH0kSSMclJTVDHSjAVBoc9Iw+9fjvzGHRGSRvxWDWLihajLaUAxUlpqm/uupCF0cSStkhtTeF1wj6F1UWibebtojwHniTMl+bJ1/331updW2+an24lwEhKuMENSthw7Vl6KhKKYkWHOTSSJEe6jLmlpylFIpJeOHxjCI610YBAJXVzBsfp7IkWhlIPQ150hUj05643E/7xWooJzL6U8ThTheLIoSBhUERylATtUEKzYQBOEBdW3QtxDAmGlM8vpEJzZl+dJvVR0TosnNzqNCpggCw7AIbCAA85AGVRAFdQABkPwCJ7Bi/FgPBlvxvukNWNMZ3bBHxgfP9lVl6c=</latexit>

⇠ cos(2⇡N) (?)

Koliofoti & Riwar (2022)

arXiv:2204.13633

<latexit sha1_base64="HydwwjThzuSvJMIl7sVfRO2XomE=">AAAB+nicbVDLSgMxFM3UV62vqbpzEyxC3ZSZIuqy4MKupIJ9QGcomTTThiaTIckodeynuHGhiODKL3Hn0j8xfSy09cCFwzn3cu89Qcyo0o7zZWWWlldW17LruY3Nre0dO7/bUCKRmNSxYEK2AqQIoxGpa6oZacWSIB4w0gwGF2O/eUukoiK60cOY+Bz1IhpSjLSROnbeU5RDDwtVLHsxhVfHHbvglJwJ4CJxZ6RQKd5/X77vp7WO/el1BU44iTRmSKm268TaT5HUFDMyynmJIjHCA9QjbUMjxIny08npI3hklC4MhTQVaThRf0+kiCs15IHp5Ej31bw3Fv/z2okOz/2URnGiSYSni8KEQS3gOAfYpZJgzYaGICypuRXiPpIIa5NWzoTgzr+8SBrlkntaOrk2aVTBFFlwAA5BEbjgDFRAFdRAHWBwBx7BM3ixHqwn69V6m7ZmrNnMHvgD6+MH/KWWMw==</latexit>

⇠ cos(2⇡N)

Phase slip junction

Family of quantum circuit elements

<latexit sha1_base64="fAVtcsB3gA0FNo+svwtAws5a5Ug=">AAAB7nicbVDLSsNAFL2pr1pfVZeCDBbBVUlE1J0FN122YB/QhjKZTNqhk0mYmQgldOkHuHGhiFs/oV/hwp3f4E84TbvQ1gMXDuecy314MWdK2/aXlVtZXVvfyG8WtrZ3dveK+wdNFSWS0AaJeCTbHlaUM0EbmmlO27GkOPQ4bXnD26nfuqdSsUjc6VFM3RD3BQsYwdpIrS43UR/3iiW7bGdAy8SZk9LNx6T+/XA8qfWKn10/IklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcNFt3jE6N4qMgkqaERpn6uyPFoVKj0DPJEOuBWvSm4n9eJ9HBtZsyESeaCjIbFCQc6QhNb0c+k5RoPjIEE8nMrogMsMREmw8VzBOcxZOXSfO87FyWL+p2qVKFGfJwBCdwBg5cQQWqUIMGEBjCIzzDixVbT9ar9TaL5qx5zyH8gfX+Ax55k+Q=</latexit>

�
<latexit sha1_base64="+TPJ8zb3aB3kPa3yHu24MeCEXoU=">AAACDXicbVDLSsNAFJ34ao2vqCtxM1iFuilJEXVZcNOVtGAf0IQwmU7aoTNJmJkIJfQH3Pgrblwo4tadC3f+jZO2C209cOFwzr0z954gYVQq2/42VlbX1jcKxU1za3tnd8/aP2jLOBWYtHDMYtENkCSMRqSlqGKkmwiCeMBIJxjd5H7nnghJ4+hOjRPicTSIaEgxUlryrVNXUg5dHEs3oANWrroJhS7TD/QRvIW5KM59q2RX7CngMnHmpFRzzObRZ8Fv+NaX249xykmkMENS9hw7UV6GhKKYkYnpppIkCI/QgPQ0jRAn0sum10zgmVb6MIyFrkjBqfp7IkNcyjEPdCdHaigXvVz8z+ulKrz2MholqSIRnn0UpgyqGObRwD4VBCs21gRhQfWuEA+RQFjpAE0dgrN48jJpVyvOZeWiqdOogxmK4BicgDJwwBWogTpogBbA4AE8gRfwajwaz8ab8T5rXTHmM4fgD4yPH2mKnLo=</latexit>

⇠ cos
�
2⇡�N

�

<latexit sha1_base64="+zETAOKVn6hq1FdtE+/FHe7M7Kg=">AAACNXicjVBNS8MwGE7mx+b82hS8eAkOwdNoZajHgZcdp7gPWMtI03QLS9OSpMNR92e86t3f4sGbePUvmG69uHnwgcDD80F4Hy/mTGnLeoeFjc2t7WJpp7y7t39wWKkedVWUSEI7JOKR7HtYUc4E7WimOe3HkuLQ47TnTW4zvzelUrFIPOhZTN0QjwQLGMHaSMPKicNN2MfIYQI5IdZjz0vv58NKzapbC6B1YuekBnK0h1VYdPyIJCEVmnCs1MC2Yu2mWGpGOJ2XnUTRGJMJHtGBoQKHVLnp4oA5OjeKj4JImic0Wqi/Gv6UxSrvPP6zlOJQqVnomWR2l1r1MvEvb5Do4MZNmYgTTQVZfhQkHOkIZRMin0lKNJ8Zgolk5kBExlhios3QZTOdvTrUOule1u2reuOuUWu28hFL4BScgQtgg2vQBC3QBh1AwBN4Bi/gFb7BD/gJv5bRAsw7x+AX4PcPX7Sqkg==</latexit>

� 2 R
3



T. Herrig, DPG Frühjahrstagung

<latexit sha1_base64="F/zYjszgAq/TjFhy6H1UhTQekoA="></latexit>h
bxi,bkj

i
= i�ij

Dirac system
Stone, Science (2015)

4



T. Herrig, DPG Frühjahrstagung

<latexit sha1_base64="F/zYjszgAq/TjFhy6H1UhTQekoA="></latexit>h
bxi,bkj

i
= i�ij

Dirac system

• Dirac points (e.g. 2D graphene) 

Stone, Science (2015)

<latexit sha1_base64="4jCXVK4EtBlvOswTbH50lWTy4D8=">AAACFXicbVDLSgMxFM34rPU16lKEYBEEpcwUUTdCQRddVrAP6AxDJk3b0MyD5I5Yh/6EG3/FjQuLuBXcufJXTB+Cth4InHvOvdzc48eCK7CsT2NufmFxaTmzkl1dW9/YNLe2qypKJGUVGolI1n2imOAhqwAHweqxZCTwBav53cuhX7tlUvEovIFezNyAtEPe4pSAljzzuOQ5wO4gveKS0D6+wF3Pxo7i7YBocqTLwk9Z8MyclbdGwLPEnpBccW9wT5X4Knvmh9OMaBKwEKggSjVsKwY3JRI4FayfdRLFYkK7pM0amoYkYMpNR1f18YFWmrgVSf1CwCP190RKAqV6ga87AwIdNe0Nxf+8RgKtczflYZwAC+l4USsRGCI8jAg3uWQURE8TQiXXf8W0Q3Q8oIPM6hDs6ZNnSbWQt0/zJ9c6jRIaI4N20T46RDY6Q0VUQmVUQRQ9oCf0ggbGo/FsvBpv49Y5YzKzg/7AeP8Gi++g5Q==</latexit>

HDirac = k1�1 + k2�2

4



T. Herrig, DPG Frühjahrstagung

<latexit sha1_base64="F/zYjszgAq/TjFhy6H1UhTQekoA="></latexit>h
bxi,bkj

i
= i�ij

Dirac system

• Dirac points (e.g. 2D graphene) 

• Berry curvature is zero!

Stone, Science (2015)

<latexit sha1_base64="4jCXVK4EtBlvOswTbH50lWTy4D8=">AAACFXicbVDLSgMxFM34rPU16lKEYBEEpcwUUTdCQRddVrAP6AxDJk3b0MyD5I5Yh/6EG3/FjQuLuBXcufJXTB+Cth4InHvOvdzc48eCK7CsT2NufmFxaTmzkl1dW9/YNLe2qypKJGUVGolI1n2imOAhqwAHweqxZCTwBav53cuhX7tlUvEovIFezNyAtEPe4pSAljzzuOQ5wO4gveKS0D6+wF3Pxo7i7YBocqTLwk9Z8MyclbdGwLPEnpBccW9wT5X4Knvmh9OMaBKwEKggSjVsKwY3JRI4FayfdRLFYkK7pM0amoYkYMpNR1f18YFWmrgVSf1CwCP190RKAqV6ga87AwIdNe0Nxf+8RgKtczflYZwAC+l4USsRGCI8jAg3uWQURE8TQiXXf8W0Q3Q8oIPM6hDs6ZNnSbWQt0/zJ9c6jRIaI4N20T46RDY6Q0VUQmVUQRQ9oCf0ggbGo/FsvBpv49Y5YzKzg/7AeP8Gi++g5Q==</latexit>

HDirac = k1�1 + k2�2

4



T. Herrig, DPG Frühjahrstagung

<latexit sha1_base64="F/zYjszgAq/TjFhy6H1UhTQekoA="></latexit>h
bxi,bkj

i
= i�ij

Dirac system

• Dirac points (e.g. 2D graphene) 

• Berry curvature is zero!

• But: quantized Berry phase

Stone, Science (2015)

<latexit sha1_base64="4jCXVK4EtBlvOswTbH50lWTy4D8=">AAACFXicbVDLSgMxFM34rPU16lKEYBEEpcwUUTdCQRddVrAP6AxDJk3b0MyD5I5Yh/6EG3/FjQuLuBXcufJXTB+Cth4InHvOvdzc48eCK7CsT2NufmFxaTmzkl1dW9/YNLe2qypKJGUVGolI1n2imOAhqwAHweqxZCTwBav53cuhX7tlUvEovIFezNyAtEPe4pSAljzzuOQ5wO4gveKS0D6+wF3Pxo7i7YBocqTLwk9Z8MyclbdGwLPEnpBccW9wT5X4Knvmh9OMaBKwEKggSjVsKwY3JRI4FayfdRLFYkK7pM0amoYkYMpNR1f18YFWmrgVSf1CwCP190RKAqV6ga87AwIdNe0Nxf+8RgKtczflYZwAC+l4USsRGCI8jAg3uWQURE8TQiXXf8W0Q3Q8oIPM6hDs6ZNnSbWQt0/zJ9c6jRIaI4N20T46RDY6Q0VUQmVUQRQ9oCf0ggbGo/FsvBpv49Y5YzKzg/7AeP8Gi++g5Q==</latexit>

HDirac = k1�1 + k2�2

4

<latexit sha1_base64="H0znfI1hRYb10PH3v2tF9jLg6Tk=">AAACIHicjVDLTgIxFL3FB4gv0KWbRmLiiswYo8YViRuXGOWRwIR0Oh1o6HQmbYdICJ/gVvd+jTvjUr/GArMBXHiSm5ycc0/ae/xEcG0c5xvlNja3tvOFneLu3v7BYal81NRxqihr0FjEqu0TzQSXrGG4EaydKEYiX7CWP7yb+a0RU5rH8smME+ZFpC95yCkxVnoc9txeqeJUnTnwOnEzUoEM9V4Z5btBTNOISUMF0brjOonxJkQZTgWbFrupZgmhQ9JnHUsliZj2JvO/TvGZVQIcxsqONHiuLiWCEU90lnn+Z2hCIq3HkW83I2IGetWbiX95ndSEN96EyyQ1TNLFQ2EqsInxrC0ccMWoEWNLCFXcHojpgChCje20aKtzV4taJ82LqntVvXy4rNRusxILcAKncA4uXEMN7qEODaDQhxd4hTf0jj7QJ/parOZQljmGJaCfXzF0okw=</latexit>

k1

<latexit sha1_base64="m4q5FY9iaSbUkFF90tsrUtbFmv0=">AAACIHicjVDLTgIxFL3FB4gv0KWbicTEFZkhRI0rEjcuMcojgQnpdDrQ0OlM2g6RTPgEt7r3a9wZl/o1FpgN4MKT3OTknHvS3uPFnClt298ot7W9s5sv7BX3Dw6Pjkvlk7aKEkloi0Q8kl0PK8qZoC3NNKfdWFIcepx2vPHd3O9MqFQsEk96GlM3xEPBAkawNtLjeFAblCp21V7A2iRORiqQoTkoo3zfj0gSUqEJx0r1HDvWboqlZoTTWbGfKBpjMsZD2jNU4JAqN138dWZdGMW3gkiaEdpaqCsJf8JilWWe/xlKcajUNPTMZoj1SK17c/Evr5fo4MZNmYgTTQVZPhQk3NKRNW/L8pmkRPOpIZhIZg60yAhLTLTptGiqc9aL2iTtWtW5qtYf6pXGbVZiAc7gHC7BgWtowD00oQUEhvACr/CG3tEH+kRfy9UcyjKnsAL08wszLqJN</latexit>

k2
<latexit sha1_base64="mDH4vNYpPdTlAzpa/ltuTIaPBxw=">AAACIHicjVDLTgIxFL3FB4gv0KWbRmLiiswYoy6JblxilEcCE9LpFGjozDRth0gmfIJb3fs17oxL/RoLzAZw4UlucnLOPWnv8aXg2jjON8ptbG5t5ws7xd29/YPDUvmoqeNEUdagsYhV2yeaCR6xhuFGsLZUjIS+YC1/dDfzW2OmNI+jJzORzAvJIOJ9Tomx0mNX8l6p4lSdOfA6cTNSgQz1Xhnlu0FMk5BFhgqidcd1pPFSogyngk2L3UQzSeiIDFjH0oiETHvp/K9TfGaVAPdjZScyeK4uJYIxlzrLPP8zlJJQ60no282QmKFe9WbiX14nMf0bL+WRTAyL6OKhfiKwifGsLRxwxagRE0sIVdweiOmQKEKN7bRoq3NXi1onzYuqe1W9fLis1G6zEgtwAqdwDi5cQw3uoQ4NoDCAF3iFN/SOPtAn+lqs5lCWOYYloJ9fl/Oijg==</latexit>⇡



T. Herrig, DPG Frühjahrstagung

<latexit sha1_base64="F/zYjszgAq/TjFhy6H1UhTQekoA="></latexit>h
bxi,bkj

i
= i�ij

Dirac system

• Dirac points (e.g. 2D graphene) 

• Berry curvature is zero!

• But: quantized Berry phase

• Topology in transport d.o.f. of quantum circuits:

Stone, Science (2015)

<latexit sha1_base64="4jCXVK4EtBlvOswTbH50lWTy4D8=">AAACFXicbVDLSgMxFM34rPU16lKEYBEEpcwUUTdCQRddVrAP6AxDJk3b0MyD5I5Yh/6EG3/FjQuLuBXcufJXTB+Cth4InHvOvdzc48eCK7CsT2NufmFxaTmzkl1dW9/YNLe2qypKJGUVGolI1n2imOAhqwAHweqxZCTwBav53cuhX7tlUvEovIFezNyAtEPe4pSAljzzuOQ5wO4gveKS0D6+wF3Pxo7i7YBocqTLwk9Z8MyclbdGwLPEnpBccW9wT5X4Knvmh9OMaBKwEKggSjVsKwY3JRI4FayfdRLFYkK7pM0amoYkYMpNR1f18YFWmrgVSf1CwCP190RKAqV6ga87AwIdNe0Nxf+8RgKtczflYZwAC+l4USsRGCI8jAg3uWQURE8TQiXXf8W0Q3Q8oIPM6hDs6ZNnSbWQt0/zJ9c6jRIaI4N20T46RDY6Q0VUQmVUQRQ9oCf0ggbGo/FsvBpv49Y5YzKzg/7AeP8Gi++g5Q==</latexit>

HDirac = k1�1 + k2�2

4

<latexit sha1_base64="H0znfI1hRYb10PH3v2tF9jLg6Tk=">AAACIHicjVDLTgIxFL3FB4gv0KWbRmLiiswYo8YViRuXGOWRwIR0Oh1o6HQmbYdICJ/gVvd+jTvjUr/GArMBXHiSm5ycc0/ae/xEcG0c5xvlNja3tvOFneLu3v7BYal81NRxqihr0FjEqu0TzQSXrGG4EaydKEYiX7CWP7yb+a0RU5rH8smME+ZFpC95yCkxVnoc9txeqeJUnTnwOnEzUoEM9V4Z5btBTNOISUMF0brjOonxJkQZTgWbFrupZgmhQ9JnHUsliZj2JvO/TvGZVQIcxsqONHiuLiWCEU90lnn+Z2hCIq3HkW83I2IGetWbiX95ndSEN96EyyQ1TNLFQ2EqsInxrC0ccMWoEWNLCFXcHojpgChCje20aKtzV4taJ82LqntVvXy4rNRusxILcAKncA4uXEMN7qEODaDQhxd4hTf0jj7QJ/parOZQljmGJaCfXzF0okw=</latexit>

k1

<latexit sha1_base64="m4q5FY9iaSbUkFF90tsrUtbFmv0=">AAACIHicjVDLTgIxFL3FB4gv0KWbicTEFZkhRI0rEjcuMcojgQnpdDrQ0OlM2g6RTPgEt7r3a9wZl/o1FpgN4MKT3OTknHvS3uPFnClt298ot7W9s5sv7BX3Dw6Pjkvlk7aKEkloi0Q8kl0PK8qZoC3NNKfdWFIcepx2vPHd3O9MqFQsEk96GlM3xEPBAkawNtLjeFAblCp21V7A2iRORiqQoTkoo3zfj0gSUqEJx0r1HDvWboqlZoTTWbGfKBpjMsZD2jNU4JAqN138dWZdGMW3gkiaEdpaqCsJf8JilWWe/xlKcajUNPTMZoj1SK17c/Evr5fo4MZNmYgTTQVZPhQk3NKRNW/L8pmkRPOpIZhIZg60yAhLTLTptGiqc9aL2iTtWtW5qtYf6pXGbVZiAc7gHC7BgWtowD00oQUEhvACr/CG3tEH+kRfy9UcyjKnsAL08wszLqJN</latexit>

k2
<latexit sha1_base64="mDH4vNYpPdTlAzpa/ltuTIaPBxw=">AAACIHicjVDLTgIxFL3FB4gv0KWbRmLiiswYoy6JblxilEcCE9LpFGjozDRth0gmfIJb3fs17oxL/RoLzAZw4UlucnLOPWnv8aXg2jjON8ptbG5t5ws7xd29/YPDUvmoqeNEUdagsYhV2yeaCR6xhuFGsLZUjIS+YC1/dDfzW2OmNI+jJzORzAvJIOJ9Tomx0mNX8l6p4lSdOfA6cTNSgQz1Xhnlu0FMk5BFhgqidcd1pPFSogyngk2L3UQzSeiIDFjH0oiETHvp/K9TfGaVAPdjZScyeK4uJYIxlzrLPP8zlJJQ60no282QmKFe9WbiX14nMf0bL+WRTAyL6OKhfiKwifGsLRxwxagRE0sIVdweiOmQKEKN7bRoq3NXi1onzYuqe1W9fLis1G6zEgtwAqdwDi5cQw3uoQ4NoDCAF3iFN/SOPtAn+lqs5lCWOYYloJ9fl/Oijg==</latexit>⇡

<latexit sha1_base64="AzRmoWTSDaUJ3VXOYGezcMc9dI4="></latexit>h
b�i, bNj

i
= i�ij



T. Herrig, DPG Frühjahrstagung

<latexit sha1_base64="F/zYjszgAq/TjFhy6H1UhTQekoA="></latexit>h
bxi,bkj

i
= i�ij

Dirac system

• Dirac points (e.g. 2D graphene) 

• Berry curvature is zero!

• But: quantized Berry phase

• Topology in transport d.o.f. of quantum circuits:

✓Weyl system

Stone, Science (2015)

<latexit sha1_base64="4jCXVK4EtBlvOswTbH50lWTy4D8=">AAACFXicbVDLSgMxFM34rPU16lKEYBEEpcwUUTdCQRddVrAP6AxDJk3b0MyD5I5Yh/6EG3/FjQuLuBXcufJXTB+Cth4InHvOvdzc48eCK7CsT2NufmFxaTmzkl1dW9/YNLe2qypKJGUVGolI1n2imOAhqwAHweqxZCTwBav53cuhX7tlUvEovIFezNyAtEPe4pSAljzzuOQ5wO4gveKS0D6+wF3Pxo7i7YBocqTLwk9Z8MyclbdGwLPEnpBccW9wT5X4Knvmh9OMaBKwEKggSjVsKwY3JRI4FayfdRLFYkK7pM0amoYkYMpNR1f18YFWmrgVSf1CwCP190RKAqV6ga87AwIdNe0Nxf+8RgKtczflYZwAC+l4USsRGCI8jAg3uWQURE8TQiXXf8W0Q3Q8oIPM6hDs6ZNnSbWQt0/zJ9c6jRIaI4N20T46RDY6Q0VUQmVUQRQ9oCf0ggbGo/FsvBpv49Y5YzKzg/7AeP8Gi++g5Q==</latexit>

HDirac = k1�1 + k2�2

Riwar et al., Nat. Commun. (2016)

Fatemi et al., Phys. Rev. Res. (2021)


…

4

<latexit sha1_base64="Znli/1PLBSxezB8x667Ki52mzbE="></latexit>

HWeyl = �1�1 + �2�2 + �3�3

<latexit sha1_base64="H0znfI1hRYb10PH3v2tF9jLg6Tk=">AAACIHicjVDLTgIxFL3FB4gv0KWbRmLiiswYo8YViRuXGOWRwIR0Oh1o6HQmbYdICJ/gVvd+jTvjUr/GArMBXHiSm5ycc0/ae/xEcG0c5xvlNja3tvOFneLu3v7BYal81NRxqihr0FjEqu0TzQSXrGG4EaydKEYiX7CWP7yb+a0RU5rH8smME+ZFpC95yCkxVnoc9txeqeJUnTnwOnEzUoEM9V4Z5btBTNOISUMF0brjOonxJkQZTgWbFrupZgmhQ9JnHUsliZj2JvO/TvGZVQIcxsqONHiuLiWCEU90lnn+Z2hCIq3HkW83I2IGetWbiX95ndSEN96EyyQ1TNLFQ2EqsInxrC0ccMWoEWNLCFXcHojpgChCje20aKtzV4taJ82LqntVvXy4rNRusxILcAKncA4uXEMN7qEODaDQhxd4hTf0jj7QJ/parOZQljmGJaCfXzF0okw=</latexit>

k1

<latexit sha1_base64="m4q5FY9iaSbUkFF90tsrUtbFmv0=">AAACIHicjVDLTgIxFL3FB4gv0KWbicTEFZkhRI0rEjcuMcojgQnpdDrQ0OlM2g6RTPgEt7r3a9wZl/o1FpgN4MKT3OTknHvS3uPFnClt298ot7W9s5sv7BX3Dw6Pjkvlk7aKEkloi0Q8kl0PK8qZoC3NNKfdWFIcepx2vPHd3O9MqFQsEk96GlM3xEPBAkawNtLjeFAblCp21V7A2iRORiqQoTkoo3zfj0gSUqEJx0r1HDvWboqlZoTTWbGfKBpjMsZD2jNU4JAqN138dWZdGMW3gkiaEdpaqCsJf8JilWWe/xlKcajUNPTMZoj1SK17c/Evr5fo4MZNmYgTTQVZPhQk3NKRNW/L8pmkRPOpIZhIZg60yAhLTLTptGiqc9aL2iTtWtW5qtYf6pXGbVZiAc7gHC7BgWtowD00oQUEhvACr/CG3tEH+kRfy9UcyjKnsAL08wszLqJN</latexit>

k2
<latexit sha1_base64="mDH4vNYpPdTlAzpa/ltuTIaPBxw=">AAACIHicjVDLTgIxFL3FB4gv0KWbRmLiiswYoy6JblxilEcCE9LpFGjozDRth0gmfIJb3fs17oxL/RoLzAZw4UlucnLOPWnv8aXg2jjON8ptbG5t5ws7xd29/YPDUvmoqeNEUdagsYhV2yeaCR6xhuFGsLZUjIS+YC1/dDfzW2OmNI+jJzORzAvJIOJ9Tomx0mNX8l6p4lSdOfA6cTNSgQz1Xhnlu0FMk5BFhgqidcd1pPFSogyngk2L3UQzSeiIDFjH0oiETHvp/K9TfGaVAPdjZScyeK4uJYIxlzrLPP8zlJJQ60no282QmKFe9WbiX14nMf0bL+WRTAyL6OKhfiKwifGsLRxwxagRE0sIVdweiOmQKEKN7bRoq3NXi1onzYuqe1W9fLis1G6zEgtwAqdwDi5cQw3uoQ4NoDCAF3iFN/SOPtAn+lqs5lCWOYYloJ9fl/Oijg==</latexit>⇡

<latexit sha1_base64="AzRmoWTSDaUJ3VXOYGezcMc9dI4="></latexit>h
b�i, bNj

i
= i�ij



T. Herrig, DPG Frühjahrstagung

<latexit sha1_base64="F/zYjszgAq/TjFhy6H1UhTQekoA="></latexit>h
bxi,bkj

i
= i�ij

Dirac system

• Dirac points (e.g. 2D graphene) 

• Berry curvature is zero!

• But: quantized Berry phase

• Topology in transport d.o.f. of quantum circuits:

✓Weyl system

✓Chern insulator

Stone, Science (2015)

<latexit sha1_base64="4jCXVK4EtBlvOswTbH50lWTy4D8=">AAACFXicbVDLSgMxFM34rPU16lKEYBEEpcwUUTdCQRddVrAP6AxDJk3b0MyD5I5Yh/6EG3/FjQuLuBXcufJXTB+Cth4InHvOvdzc48eCK7CsT2NufmFxaTmzkl1dW9/YNLe2qypKJGUVGolI1n2imOAhqwAHweqxZCTwBav53cuhX7tlUvEovIFezNyAtEPe4pSAljzzuOQ5wO4gveKS0D6+wF3Pxo7i7YBocqTLwk9Z8MyclbdGwLPEnpBccW9wT5X4Knvmh9OMaBKwEKggSjVsKwY3JRI4FayfdRLFYkK7pM0amoYkYMpNR1f18YFWmrgVSf1CwCP190RKAqV6ga87AwIdNe0Nxf+8RgKtczflYZwAC+l4USsRGCI8jAg3uWQURE8TQiXXf8W0Q3Q8oIPM6hDs6ZNnSbWQt0/zJ9c6jRIaI4N20T46RDY6Q0VUQmVUQRQ9oCf0ggbGo/FsvBpv49Y5YzKzg/7AeP8Gi++g5Q==</latexit>

HDirac = k1�1 + k2�2

Herrig & Riwar, Phys. Rev. Res. (2022)

Riwar et al., Nat. Commun. (2016)

Fatemi et al., Phys. Rev. Res. (2021)


…

4

<latexit sha1_base64="Znli/1PLBSxezB8x667Ki52mzbE="></latexit>

HWeyl = �1�1 + �2�2 + �3�3

<latexit sha1_base64="H0znfI1hRYb10PH3v2tF9jLg6Tk=">AAACIHicjVDLTgIxFL3FB4gv0KWbRmLiiswYo8YViRuXGOWRwIR0Oh1o6HQmbYdICJ/gVvd+jTvjUr/GArMBXHiSm5ycc0/ae/xEcG0c5xvlNja3tvOFneLu3v7BYal81NRxqihr0FjEqu0TzQSXrGG4EaydKEYiX7CWP7yb+a0RU5rH8smME+ZFpC95yCkxVnoc9txeqeJUnTnwOnEzUoEM9V4Z5btBTNOISUMF0brjOonxJkQZTgWbFrupZgmhQ9JnHUsliZj2JvO/TvGZVQIcxsqONHiuLiWCEU90lnn+Z2hCIq3HkW83I2IGetWbiX95ndSEN96EyyQ1TNLFQ2EqsInxrC0ccMWoEWNLCFXcHojpgChCje20aKtzV4taJ82LqntVvXy4rNRusxILcAKncA4uXEMN7qEODaDQhxd4hTf0jj7QJ/parOZQljmGJaCfXzF0okw=</latexit>

k1

<latexit sha1_base64="m4q5FY9iaSbUkFF90tsrUtbFmv0=">AAACIHicjVDLTgIxFL3FB4gv0KWbicTEFZkhRI0rEjcuMcojgQnpdDrQ0OlM2g6RTPgEt7r3a9wZl/o1FpgN4MKT3OTknHvS3uPFnClt298ot7W9s5sv7BX3Dw6Pjkvlk7aKEkloi0Q8kl0PK8qZoC3NNKfdWFIcepx2vPHd3O9MqFQsEk96GlM3xEPBAkawNtLjeFAblCp21V7A2iRORiqQoTkoo3zfj0gSUqEJx0r1HDvWboqlZoTTWbGfKBpjMsZD2jNU4JAqN138dWZdGMW3gkiaEdpaqCsJf8JilWWe/xlKcajUNPTMZoj1SK17c/Evr5fo4MZNmYgTTQVZPhQk3NKRNW/L8pmkRPOpIZhIZg60yAhLTLTptGiqc9aL2iTtWtW5qtYf6pXGbVZiAc7gHC7BgWtowD00oQUEhvACr/CG3tEH+kRfy9UcyjKnsAL08wszLqJN</latexit>

k2
<latexit sha1_base64="mDH4vNYpPdTlAzpa/ltuTIaPBxw=">AAACIHicjVDLTgIxFL3FB4gv0KWbRmLiiswYoy6JblxilEcCE9LpFGjozDRth0gmfIJb3fs17oxL/RoLzAZw4UlucnLOPWnv8aXg2jjON8ptbG5t5ws7xd29/YPDUvmoqeNEUdagsYhV2yeaCR6xhuFGsLZUjIS+YC1/dDfzW2OmNI+jJzORzAvJIOJ9Tomx0mNX8l6p4lSdOfA6cTNSgQz1Xhnlu0FMk5BFhgqidcd1pPFSogyngk2L3UQzSeiIDFjH0oiETHvp/K9TfGaVAPdjZScyeK4uJYIxlzrLPP8zlJJQ60no282QmKFe9WbiX14nMf0bL+WRTAyL6OKhfiKwifGsLRxwxagRE0sIVdweiOmQKEKN7bRoq3NXi1onzYuqe1W9fLis1G6zEgtwAqdwDi5cQw3uoQ4NoDCAF3iFN/SOPtAn+lqs5lCWOYYloJ9fl/Oijg==</latexit>⇡

<latexit sha1_base64="AzRmoWTSDaUJ3VXOYGezcMc9dI4="></latexit>h
b�i, bNj

i
= i�ij



T. Herrig, DPG Frühjahrstagung

<latexit sha1_base64="F/zYjszgAq/TjFhy6H1UhTQekoA="></latexit>h
bxi,bkj

i
= i�ij

Dirac system

• Dirac points (e.g. 2D graphene) 

• Berry curvature is zero!

• But: quantized Berry phase

• Topology in transport d.o.f. of quantum circuits:

✓Weyl system

✓Chern insulator

- Dirac system

Stone, Science (2015)

<latexit sha1_base64="4jCXVK4EtBlvOswTbH50lWTy4D8=">AAACFXicbVDLSgMxFM34rPU16lKEYBEEpcwUUTdCQRddVrAP6AxDJk3b0MyD5I5Yh/6EG3/FjQuLuBXcufJXTB+Cth4InHvOvdzc48eCK7CsT2NufmFxaTmzkl1dW9/YNLe2qypKJGUVGolI1n2imOAhqwAHweqxZCTwBav53cuhX7tlUvEovIFezNyAtEPe4pSAljzzuOQ5wO4gveKS0D6+wF3Pxo7i7YBocqTLwk9Z8MyclbdGwLPEnpBccW9wT5X4Knvmh9OMaBKwEKggSjVsKwY3JRI4FayfdRLFYkK7pM0amoYkYMpNR1f18YFWmrgVSf1CwCP190RKAqV6ga87AwIdNe0Nxf+8RgKtczflYZwAC+l4USsRGCI8jAg3uWQURE8TQiXXf8W0Q3Q8oIPM6hDs6ZNnSbWQt0/zJ9c6jRIaI4N20T46RDY6Q0VUQmVUQRQ9oCf0ggbGo/FsvBpv49Y5YzKzg/7AeP8Gi++g5Q==</latexit>

HDirac = k1�1 + k2�2

Herrig & Riwar, Phys. Rev. Res. (2022)

Riwar et al., Nat. Commun. (2016)

Fatemi et al., Phys. Rev. Res. (2021)


…

so far…

4

<latexit sha1_base64="Znli/1PLBSxezB8x667Ki52mzbE="></latexit>

HWeyl = �1�1 + �2�2 + �3�3

<latexit sha1_base64="H0znfI1hRYb10PH3v2tF9jLg6Tk=">AAACIHicjVDLTgIxFL3FB4gv0KWbRmLiiswYo8YViRuXGOWRwIR0Oh1o6HQmbYdICJ/gVvd+jTvjUr/GArMBXHiSm5ycc0/ae/xEcG0c5xvlNja3tvOFneLu3v7BYal81NRxqihr0FjEqu0TzQSXrGG4EaydKEYiX7CWP7yb+a0RU5rH8smME+ZFpC95yCkxVnoc9txeqeJUnTnwOnEzUoEM9V4Z5btBTNOISUMF0brjOonxJkQZTgWbFrupZgmhQ9JnHUsliZj2JvO/TvGZVQIcxsqONHiuLiWCEU90lnn+Z2hCIq3HkW83I2IGetWbiX95ndSEN96EyyQ1TNLFQ2EqsInxrC0ccMWoEWNLCFXcHojpgChCje20aKtzV4taJ82LqntVvXy4rNRusxILcAKncA4uXEMN7qEODaDQhxd4hTf0jj7QJ/parOZQljmGJaCfXzF0okw=</latexit>

k1

<latexit sha1_base64="m4q5FY9iaSbUkFF90tsrUtbFmv0=">AAACIHicjVDLTgIxFL3FB4gv0KWbicTEFZkhRI0rEjcuMcojgQnpdDrQ0OlM2g6RTPgEt7r3a9wZl/o1FpgN4MKT3OTknHvS3uPFnClt298ot7W9s5sv7BX3Dw6Pjkvlk7aKEkloi0Q8kl0PK8qZoC3NNKfdWFIcepx2vPHd3O9MqFQsEk96GlM3xEPBAkawNtLjeFAblCp21V7A2iRORiqQoTkoo3zfj0gSUqEJx0r1HDvWboqlZoTTWbGfKBpjMsZD2jNU4JAqN138dWZdGMW3gkiaEdpaqCsJf8JilWWe/xlKcajUNPTMZoj1SK17c/Evr5fo4MZNmYgTTQVZPhQk3NKRNW/L8pmkRPOpIZhIZg60yAhLTLTptGiqc9aL2iTtWtW5qtYf6pXGbVZiAc7gHC7BgWtowD00oQUEhvACr/CG3tEH+kRfy9UcyjKnsAL08wszLqJN</latexit>

k2
<latexit sha1_base64="mDH4vNYpPdTlAzpa/ltuTIaPBxw=">AAACIHicjVDLTgIxFL3FB4gv0KWbRmLiiswYoy6JblxilEcCE9LpFGjozDRth0gmfIJb3fs17oxL/RoLzAZw4UlucnLOPWnv8aXg2jjON8ptbG5t5ws7xd29/YPDUvmoqeNEUdagsYhV2yeaCR6xhuFGsLZUjIS+YC1/dDfzW2OmNI+jJzORzAvJIOJ9Tomx0mNX8l6p4lSdOfA6cTNSgQz1Xhnlu0FMk5BFhgqidcd1pPFSogyngk2L3UQzSeiIDFjH0oiETHvp/K9TfGaVAPdjZScyeK4uJYIxlzrLPP8zlJJQ60no282QmKFe9WbiX14nMf0bL+WRTAyL6OKhfiKwifGsLRxwxagRE0sIVdweiOmQKEKN7bRoq3NXi1onzYuqe1W9fLis1G6zEgtwAqdwDi5cQw3uoQ4NoDCAF3iFN/SOPtAn+lqs5lCWOYYloJ9fl/Oijg==</latexit>⇡

<latexit sha1_base64="AzRmoWTSDaUJ3VXOYGezcMc9dI4="></latexit>h
b�i, bNj

i
= i�ij



T. Herrig, DPG Frühjahrstagung

<latexit sha1_base64="F/zYjszgAq/TjFhy6H1UhTQekoA="></latexit>h
bxi,bkj

i
= i�ij

Stone, Science (2015)

Dirac system

• Dirac points (e.g. 2D graphene) 


• Berry curvature is zero!


• But: quantized Berry phase


• Topology in transport d.o.f. of quantum circuits:


✓Weyl system


✓Chern insulator


✓Dirac system

Herrig & Riwar, Phys. Rev. Res. (2022)

Riwar et al., Nat. Commun. (2016)

Fatemi et al., Phys. Rev. Res. (2021)


…

Soon on arXiv!

4

<latexit sha1_base64="Znli/1PLBSxezB8x667Ki52mzbE="></latexit>

HWeyl = �1�1 + �2�2 + �3�3

<latexit sha1_base64="H0znfI1hRYb10PH3v2tF9jLg6Tk=">AAACIHicjVDLTgIxFL3FB4gv0KWbRmLiiswYo8YViRuXGOWRwIR0Oh1o6HQmbYdICJ/gVvd+jTvjUr/GArMBXHiSm5ycc0/ae/xEcG0c5xvlNja3tvOFneLu3v7BYal81NRxqihr0FjEqu0TzQSXrGG4EaydKEYiX7CWP7yb+a0RU5rH8smME+ZFpC95yCkxVnoc9txeqeJUnTnwOnEzUoEM9V4Z5btBTNOISUMF0brjOonxJkQZTgWbFrupZgmhQ9JnHUsliZj2JvO/TvGZVQIcxsqONHiuLiWCEU90lnn+Z2hCIq3HkW83I2IGetWbiX95ndSEN96EyyQ1TNLFQ2EqsInxrC0ccMWoEWNLCFXcHojpgChCje20aKtzV4taJ82LqntVvXy4rNRusxILcAKncA4uXEMN7qEODaDQhxd4hTf0jj7QJ/parOZQljmGJaCfXzF0okw=</latexit>

k1

<latexit sha1_base64="m4q5FY9iaSbUkFF90tsrUtbFmv0=">AAACIHicjVDLTgIxFL3FB4gv0KWbicTEFZkhRI0rEjcuMcojgQnpdDrQ0OlM2g6RTPgEt7r3a9wZl/o1FpgN4MKT3OTknHvS3uPFnClt298ot7W9s5sv7BX3Dw6Pjkvlk7aKEkloi0Q8kl0PK8qZoC3NNKfdWFIcepx2vPHd3O9MqFQsEk96GlM3xEPBAkawNtLjeFAblCp21V7A2iRORiqQoTkoo3zfj0gSUqEJx0r1HDvWboqlZoTTWbGfKBpjMsZD2jNU4JAqN138dWZdGMW3gkiaEdpaqCsJf8JilWWe/xlKcajUNPTMZoj1SK17c/Evr5fo4MZNmYgTTQVZPhQk3NKRNW/L8pmkRPOpIZhIZg60yAhLTLTptGiqc9aL2iTtWtW5qtYf6pXGbVZiAc7gHC7BgWtowD00oQUEhvACr/CG3tEH+kRfy9UcyjKnsAL08wszLqJN</latexit>

k2
<latexit sha1_base64="mDH4vNYpPdTlAzpa/ltuTIaPBxw=">AAACIHicjVDLTgIxFL3FB4gv0KWbRmLiiswYoy6JblxilEcCE9LpFGjozDRth0gmfIJb3fs17oxL/RoLzAZw4UlucnLOPWnv8aXg2jjON8ptbG5t5ws7xd29/YPDUvmoqeNEUdagsYhV2yeaCR6xhuFGsLZUjIS+YC1/dDfzW2OmNI+jJzORzAvJIOJ9Tomx0mNX8l6p4lSdOfA6cTNSgQz1Xhnlu0FMk5BFhgqidcd1pPFSogyngk2L3UQzSeiIDFjH0oiETHvp/K9TfGaVAPdjZScyeK4uJYIxlzrLPP8zlJJQ60no282QmKFe9WbiX14nMf0bL+WRTAyL6OKhfiKwifGsLRxwxagRE0sIVdweiOmQKEKN7bRoq3NXi1onzYuqe1W9fLis1G6zEgtwAqdwDi5cQw3uoQ4NoDCAF3iFN/SOPtAn+lqs5lCWOYYloJ9fl/Oijg==</latexit>⇡

<latexit sha1_base64="4jCXVK4EtBlvOswTbH50lWTy4D8=">AAACFXicbVDLSgMxFM34rPU16lKEYBEEpcwUUTdCQRddVrAP6AxDJk3b0MyD5I5Yh/6EG3/FjQuLuBXcufJXTB+Cth4InHvOvdzc48eCK7CsT2NufmFxaTmzkl1dW9/YNLe2qypKJGUVGolI1n2imOAhqwAHweqxZCTwBav53cuhX7tlUvEovIFezNyAtEPe4pSAljzzuOQ5wO4gveKS0D6+wF3Pxo7i7YBocqTLwk9Z8MyclbdGwLPEnpBccW9wT5X4Knvmh9OMaBKwEKggSjVsKwY3JRI4FayfdRLFYkK7pM0amoYkYMpNR1f18YFWmrgVSf1CwCP190RKAqV6ga87AwIdNe0Nxf+8RgKtczflYZwAC+l4USsRGCI8jAg3uWQURE8TQiXXf8W0Q3Q8oIPM6hDs6ZNnSbWQt0/zJ9c6jRIaI4N20T46RDY6Q0VUQmVUQRQ9oCf0ggbGo/FsvBpv49Y5YzKzg/7AeP8Gi++g5Q==</latexit>
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�= 12

<latexit sha1_base64="ZC/LVadT0VZGmC4OcvMxrpYV6M8="></latexit>

b', bN

7

̂H = 2EC ( ̂N + Ng)
2

− E2J cos [2 ( ̂φ − δ)] − ES cos [π ( ̂N + Ng)] − EJ cos ( ̂φ )
̂H = 2EC ( ̂N + Ng)

2
− E2J cos [2 ( ̂φ − δ)]

̂H 0

−ES cos [π ( ̂N + Ng)] − EJ cos ( ̂φ )
̂V

Doubly degenerate ground states as new low-energy basis
<latexit sha1_base64="XWVAvT+5ktcurEfVeDRG0Bm5udk="></latexit>

bH ⇡ �ES cos
�
⇡Ng

�
b�x � EJ cos(�) b�z

<latexit sha1_base64="89beGepKNOKGeQlDDWlev2IZ/o8="></latexit>

� �EJ cos (b'� �)

<latexit sha1_base64="BWWF3sKyflVNWFzyQ3p25FylILM="></latexit>

bH = 2EC

⇣
bN +Ng

⌘2
� E2J cos [2 (b'� �)]� ES cos

h
2⇡�

⇣
bN +Ng

⌘i
� EJ cos (b')

<latexit sha1_base64="BWs1K3ut+68/X16jBrAtFQX8kLM="></latexit>

� = 1
2 + ��
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8

<latexit sha1_base64="JRZJeEdqOfhKrXLf6XvzUo25vrg="></latexit>

bH = �ES cos
�
⇡Ng

�
b�x � EJ cos(�) b�z
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8

<latexit sha1_base64="JRZJeEdqOfhKrXLf6XvzUo25vrg="></latexit>

bH = �ES cos
�
⇡Ng

�
b�x � EJ cos(�) b�z



T. Herrig, DPG Frühjahrstagung

Classical current noise spectrum

• How to probe absence of Berry curvature?

• Assume classical fluctuation in
<latexit sha1_base64="NaU0EcxPPmohIgHt+Rzk3RdW0Uo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXouYYEDEniWgekCxhdjK7GTI7u8zMCmHJJ3jxoIhXv8ibXyH4BU4eB00saCiquunu8mLOlLbtTyuztLyyupZdz21sbm3v5Hf3GipKJKF1EvFItjysKGeC1jXTnLZiSXHocdr0Bpdjv/lApWKRuNfDmLohDgTzGcHaSHc33aCbL9hFewK0SJwZKVROvq+vyl9ntW7+o9OLSBJSoQnHSrUdO9ZuiqVmhNNRrpMoGmMywAFtGypwSJWbTk4doSOj9JAfSVNCo4n6eyLFoVLD0DOdIdZ9Ne+Nxf+8dqL9spsyESeaCjJd5Ccc6QiN/0Y9JinRfGgIJpKZWxHpY4mJNunkTAjO/MuLpHFadM6LpVuTRhWmyMIBHMIxOHABFahCDepAIIBHeIYXi1tP1qv1Nm3NWLOZffgD6/0HhvOQ/A==</latexit>

Ng
<latexit sha1_base64="yfIqjMvehmOjaiVduXHfJaL46d8=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUCmVGfHRZELErqWAf0JaSyWTa0MyD5I5Shn6AG3/FjQtF3PoB7vwKwS8w03ahrQcC555zLzf32KHgCkzz00gtLC4tr6RXM2vrG5tb2e2dugoiSVmNBiKQTZsoJrjPasBBsGYoGfFswRr24DzxG7dMKh74NzAMWccjPZ+7nBLQUjebu+r2cFvyXh+IlMEdTuoCbjtMAEmKPBzqLrNojoHniTUluXLh+/Ki9HVS7WY/2k5AI4/5QAVRqmWZIXRiIoFTwUaZdqRYSOiA9FhLU594THXi8TEjfKAVB7uB1M8HPFZ/T8TEU2ro2brTI9BXs14i/ue1InBLnZj7YQTMp5NFbiQwBDhJBjtcMgpiqAmhkuu/YtonklDQ+WV0CNbsyfOkflS0TovH1zqNCpogjfbQPsojC52hMqqgKqohiu7RI3pGL8aD8WS8Gm+T1pQxndlFf2C8/wDDc50w</latexit>

Ng ! Ng + �Ng(t)

8

<latexit sha1_base64="JRZJeEdqOfhKrXLf6XvzUo25vrg="></latexit>

bH = �ES cos
�
⇡Ng

�
b�x � EJ cos(�) b�z



T. Herrig, DPG Frühjahrstagung

Classical current noise spectrum

• How to probe absence of Berry curvature?

• Assume classical fluctuation in

• Compute current response due to 

<latexit sha1_base64="NaU0EcxPPmohIgHt+Rzk3RdW0Uo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXouYYEDEniWgekCxhdjK7GTI7u8zMCmHJJ3jxoIhXv8ibXyH4BU4eB00saCiquunu8mLOlLbtTyuztLyyupZdz21sbm3v5Hf3GipKJKF1EvFItjysKGeC1jXTnLZiSXHocdr0Bpdjv/lApWKRuNfDmLohDgTzGcHaSHc33aCbL9hFewK0SJwZKVROvq+vyl9ntW7+o9OLSBJSoQnHSrUdO9ZuiqVmhNNRrpMoGmMywAFtGypwSJWbTk4doSOj9JAfSVNCo4n6eyLFoVLD0DOdIdZ9Ne+Nxf+8dqL9spsyESeaCjJd5Ccc6QiN/0Y9JinRfGgIJpKZWxHpY4mJNunkTAjO/MuLpHFadM6LpVuTRhWmyMIBHMIxOHABFahCDepAIIBHeIYXi1tP1qv1Nm3NWLOZffgD6/0HhvOQ/A==</latexit>

Ng
<latexit sha1_base64="yfIqjMvehmOjaiVduXHfJaL46d8=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUCmVGfHRZELErqWAf0JaSyWTa0MyD5I5Shn6AG3/FjQtF3PoB7vwKwS8w03ahrQcC555zLzf32KHgCkzz00gtLC4tr6RXM2vrG5tb2e2dugoiSVmNBiKQTZsoJrjPasBBsGYoGfFswRr24DzxG7dMKh74NzAMWccjPZ+7nBLQUjebu+r2cFvyXh+IlMEdTuoCbjtMAEmKPBzqLrNojoHniTUluXLh+/Ki9HVS7WY/2k5AI4/5QAVRqmWZIXRiIoFTwUaZdqRYSOiA9FhLU594THXi8TEjfKAVB7uB1M8HPFZ/T8TEU2ro2brTI9BXs14i/ue1InBLnZj7YQTMp5NFbiQwBDhJBjtcMgpiqAmhkuu/YtonklDQ+WV0CNbsyfOkflS0TovH1zqNCpogjfbQPsojC52hMqqgKqohiu7RI3pGL8aD8WS8Gm+T1pQxndlFf2C8/wDDc50w</latexit>

Ng ! Ng + �Ng(t)

8

<latexit sha1_base64="YIfvFoGsIrLOtYFGYwUIS9htUYQ=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiBEhDAjLjkGRMxJIpgFkiH09PQkTXp6xu6aQAj5Di8eFPHqx3jzKwS/wM5y0MQHBY/3qqiq58WCa7DtTyu1tLyyupZez2xsbm3vZHf3ajpKFGVVGolINTyimeCSVYGDYI1YMRJ6gtW93tXYr/eZ0jyS9zCImRuSjuQBpwSM5LZ8JoDg23YnD8ftbM4u2BPgReLMSK508n1zXfw6r7SzHy0/oknIJFBBtG46dgzukCjgVLBRppVoFhPaIx3WNFSSkGl3ODl6hI+M4uMgUqYk4In6e2JIQq0HoWc6QwJdPe+Nxf+8ZgJB0R1yGSfAJJ0uChKBIcLjBLDPFaMgBoYQqri5FdMuUYSCySljQnDmX14ktdOCc1E4uzNplNEUaXSADlEeOegSlVAZVVAVUfSAHtEzerH61pP1ar1NW1PWbGYf/YH1/gMR05Sr</latexit>

�Ng(t)

Ordinary Josephson term

Geometric Berry curvature term

Herrig & Riwar, Phys. Rev. Res. (2022)
<latexit sha1_base64="NdB4oE9Y9X5qZ0Fr5jHhG4sTymk="></latexit>

I = IJ + IB

<latexit sha1_base64="JRZJeEdqOfhKrXLf6XvzUo25vrg="></latexit>

bH = �ES cos
�
⇡Ng

�
b�x � EJ cos(�) b�z



T. Herrig, DPG Frühjahrstagung

Classical current noise spectrum

• How to probe absence of Berry curvature?

• Assume classical fluctuation in

• Compute current response due to 

• Compute current noise spectrum

<latexit sha1_base64="NaU0EcxPPmohIgHt+Rzk3RdW0Uo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXouYYEDEniWgekCxhdjK7GTI7u8zMCmHJJ3jxoIhXv8ibXyH4BU4eB00saCiquunu8mLOlLbtTyuztLyyupZdz21sbm3v5Hf3GipKJKF1EvFItjysKGeC1jXTnLZiSXHocdr0Bpdjv/lApWKRuNfDmLohDgTzGcHaSHc33aCbL9hFewK0SJwZKVROvq+vyl9ntW7+o9OLSBJSoQnHSrUdO9ZuiqVmhNNRrpMoGmMywAFtGypwSJWbTk4doSOj9JAfSVNCo4n6eyLFoVLD0DOdIdZ9Ne+Nxf+8dqL9spsyESeaCjJd5Ccc6QiN/0Y9JinRfGgIJpKZWxHpY4mJNunkTAjO/MuLpHFadM6LpVuTRhWmyMIBHMIxOHABFahCDepAIIBHeIYXi1tP1qv1Nm3NWLOZffgD6/0HhvOQ/A==</latexit>

Ng
<latexit sha1_base64="yfIqjMvehmOjaiVduXHfJaL46d8=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUCmVGfHRZELErqWAf0JaSyWTa0MyD5I5Shn6AG3/FjQtF3PoB7vwKwS8w03ahrQcC555zLzf32KHgCkzz00gtLC4tr6RXM2vrG5tb2e2dugoiSVmNBiKQTZsoJrjPasBBsGYoGfFswRr24DzxG7dMKh74NzAMWccjPZ+7nBLQUjebu+r2cFvyXh+IlMEdTuoCbjtMAEmKPBzqLrNojoHniTUluXLh+/Ki9HVS7WY/2k5AI4/5QAVRqmWZIXRiIoFTwUaZdqRYSOiA9FhLU594THXi8TEjfKAVB7uB1M8HPFZ/T8TEU2ro2brTI9BXs14i/ue1InBLnZj7YQTMp5NFbiQwBDhJBjtcMgpiqAmhkuu/YtonklDQ+WV0CNbsyfOkflS0TovH1zqNCpogjfbQPsojC52hMqqgKqohiu7RI3pGL8aD8WS8Gm+T1pQxndlFf2C8/wDDc50w</latexit>

Ng ! Ng + �Ng(t)

8

<latexit sha1_base64="YIfvFoGsIrLOtYFGYwUIS9htUYQ=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiBEhDAjLjkGRMxJIpgFkiH09PQkTXp6xu6aQAj5Di8eFPHqx3jzKwS/wM5y0MQHBY/3qqiq58WCa7DtTyu1tLyyupZez2xsbm3vZHf3ajpKFGVVGolINTyimeCSVYGDYI1YMRJ6gtW93tXYr/eZ0jyS9zCImRuSjuQBpwSM5LZ8JoDg23YnD8ftbM4u2BPgReLMSK508n1zXfw6r7SzHy0/oknIJFBBtG46dgzukCjgVLBRppVoFhPaIx3WNFSSkGl3ODl6hI+M4uMgUqYk4In6e2JIQq0HoWc6QwJdPe+Nxf+8ZgJB0R1yGSfAJJ0uChKBIcLjBLDPFaMgBoYQqri5FdMuUYSCySljQnDmX14ktdOCc1E4uzNplNEUaXSADlEeOegSlVAZVVAVUfSAHtEzerH61pP1ar1NW1PWbGYf/YH1/gMR05Sr</latexit>

�Ng(t)

Ordinary Josephson term

Geometric Berry curvature term

Herrig & Riwar, Phys. Rev. Res. (2022)
<latexit sha1_base64="NdB4oE9Y9X5qZ0Fr5jHhG4sTymk="></latexit>

I = IJ + IB

<latexit sha1_base64="ZR5WqVmoEjWhBBSEFjVdoelI5Zg="></latexit>⇠ <latexit sha1_base64="QdbIW3JxlJjK8G1Qd5UEoVQu9sQ=">AAACN3icjVDLSsNAFJ3UR2t9tboR3ASL4KokpajLYil0oVChL0hCmUwm7dCZJMxMiiXUr3Grez/FlTtx6x84bbNp68IDA4dz7rmXOW5EiZCG8aFltrZ3drO5vfz+weHRcaF40hVhzBHuoJCGvO9CgSkJcEcSSXE/4hgyl+KeO67P/d4Ec0HCoC2nEXYYHAbEJwhKJQ0KZ/Zih9VsP9w7SaNRqRj1mS0IGxRKRtlYQN8kZkpKIEVrUNSytheimOFAIgqFsEwjkk4CuSSI4lnejgWOIBrDIbYUDSDDwkkW52f6pVI83Q+5eoHUF+pKwpuQSKSZp3+GEsiEmDJXTTIoR2Ldm4t/eVYs/VsnIUEUSxyg5SE/proM9XmJukc4RpJOFYGIE/VBHY0gh0iqqvOqOnO9qE3SrZTN63L1sVqq3aUl5sA5uABXwAQ3oAaaoAU6AIFn8AJewZv2rn1qX9r3cjSjpZlTsALt5xfxWKrC</latexit>⇠

<latexit sha1_base64="UVWgqAJBDKzaasCdHBuFt6RmyKY="></latexit>

S(!) =

Z 1

�1
d⌧ ei!⌧ hI(t) I(t+ ⌧)i

= SJ(!) + SB(!)

<latexit sha1_base64="JRZJeEdqOfhKrXLf6XvzUo25vrg="></latexit>

bH = �ES cos
�
⇡Ng

�
b�x � EJ cos(�) b�z
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• Compute current response due to 

• Compute current noise spectrum

<latexit sha1_base64="NaU0EcxPPmohIgHt+Rzk3RdW0Uo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXouYYEDEniWgekCxhdjK7GTI7u8zMCmHJJ3jxoIhXv8ibXyH4BU4eB00saCiquunu8mLOlLbtTyuztLyyupZdz21sbm3v5Hf3GipKJKF1EvFItjysKGeC1jXTnLZiSXHocdr0Bpdjv/lApWKRuNfDmLohDgTzGcHaSHc33aCbL9hFewK0SJwZKVROvq+vyl9ntW7+o9OLSBJSoQnHSrUdO9ZuiqVmhNNRrpMoGmMywAFtGypwSJWbTk4doSOj9JAfSVNCo4n6eyLFoVLD0DOdIdZ9Ne+Nxf+8dqL9spsyESeaCjJd5Ccc6QiN/0Y9JinRfGgIJpKZWxHpY4mJNunkTAjO/MuLpHFadM6LpVuTRhWmyMIBHMIxOHABFahCDepAIIBHeIYXi1tP1qv1Nm3NWLOZffgD6/0HhvOQ/A==</latexit>

Ng
<latexit sha1_base64="yfIqjMvehmOjaiVduXHfJaL46d8=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUCmVGfHRZELErqWAf0JaSyWTa0MyD5I5Shn6AG3/FjQtF3PoB7vwKwS8w03ahrQcC555zLzf32KHgCkzz00gtLC4tr6RXM2vrG5tb2e2dugoiSVmNBiKQTZsoJrjPasBBsGYoGfFswRr24DzxG7dMKh74NzAMWccjPZ+7nBLQUjebu+r2cFvyXh+IlMEdTuoCbjtMAEmKPBzqLrNojoHniTUluXLh+/Ki9HVS7WY/2k5AI4/5QAVRqmWZIXRiIoFTwUaZdqRYSOiA9FhLU594THXi8TEjfKAVB7uB1M8HPFZ/T8TEU2ro2brTI9BXs14i/ue1InBLnZj7YQTMp5NFbiQwBDhJBjtcMgpiqAmhkuu/YtonklDQ+WV0CNbsyfOkflS0TovH1zqNCpogjfbQPsojC52hMqqgKqohiu7RI3pGL8aD8WS8Gm+T1pQxndlFf2C8/wDDc50w</latexit>

Ng ! Ng + �Ng(t)

8

<latexit sha1_base64="YIfvFoGsIrLOtYFGYwUIS9htUYQ=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiBEhDAjLjkGRMxJIpgFkiH09PQkTXp6xu6aQAj5Di8eFPHqx3jzKwS/wM5y0MQHBY/3qqiq58WCa7DtTyu1tLyyupZez2xsbm3vZHf3ajpKFGVVGolINTyimeCSVYGDYI1YMRJ6gtW93tXYr/eZ0jyS9zCImRuSjuQBpwSM5LZ8JoDg23YnD8ftbM4u2BPgReLMSK508n1zXfw6r7SzHy0/oknIJFBBtG46dgzukCjgVLBRppVoFhPaIx3WNFSSkGl3ODl6hI+M4uMgUqYk4In6e2JIQq0HoWc6QwJdPe+Nxf+8ZgJB0R1yGSfAJJ0uChKBIcLjBLDPFaMgBoYQqri5FdMuUYSCySljQnDmX14ktdOCc1E4uzNplNEUaXSADlEeOegSlVAZVVAVUfSAHtEzerH61pP1ar1NW1PWbGYf/YH1/gMR05Sr</latexit>

�Ng(t)

Ordinary Josephson term

Geometric Berry curvature term

Herrig & Riwar, Phys. Rev. Res. (2022)
<latexit sha1_base64="NdB4oE9Y9X5qZ0Fr5jHhG4sTymk="></latexit>

I = IJ + IB

S(ω)

ω
-100 -50 0 50 100

0.01

0.02

0.03

0.04

0.05

[arb. u.]

[arb. u.]

<latexit sha1_base64="ZR5WqVmoEjWhBBSEFjVdoelI5Zg="></latexit>⇠ <latexit sha1_base64="QdbIW3JxlJjK8G1Qd5UEoVQu9sQ=">AAACN3icjVDLSsNAFJ3UR2t9tboR3ASL4KokpajLYil0oVChL0hCmUwm7dCZJMxMiiXUr3Grez/FlTtx6x84bbNp68IDA4dz7rmXOW5EiZCG8aFltrZ3drO5vfz+weHRcaF40hVhzBHuoJCGvO9CgSkJcEcSSXE/4hgyl+KeO67P/d4Ec0HCoC2nEXYYHAbEJwhKJQ0KZ/Zih9VsP9w7SaNRqRj1mS0IGxRKRtlYQN8kZkpKIEVrUNSytheimOFAIgqFsEwjkk4CuSSI4lnejgWOIBrDIbYUDSDDwkkW52f6pVI83Q+5eoHUF+pKwpuQSKSZp3+GEsiEmDJXTTIoR2Ldm4t/eVYs/VsnIUEUSxyg5SE/proM9XmJukc4RpJOFYGIE/VBHY0gh0iqqvOqOnO9qE3SrZTN63L1sVqq3aUl5sA5uABXwAQ3oAaaoAU6AIFn8AJewZv2rn1qX9r3cjSjpZlTsALt5xfxWKrC</latexit>⇠

<latexit sha1_base64="UVWgqAJBDKzaasCdHBuFt6RmyKY="></latexit>

S(!) =

Z 1

�1
d⌧ ei!⌧ hI(t) I(t+ ⌧)i

= SJ(!) + SB(!)

<latexit sha1_base64="JRZJeEdqOfhKrXLf6XvzUo25vrg="></latexit>

bH = �ES cos
�
⇡Ng

�
b�x � EJ cos(�) b�z
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• Compute current response due to 

• Compute current noise spectrum

<latexit sha1_base64="NaU0EcxPPmohIgHt+Rzk3RdW0Uo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXouYYEDEniWgekCxhdjK7GTI7u8zMCmHJJ3jxoIhXv8ibXyH4BU4eB00saCiquunu8mLOlLbtTyuztLyyupZdz21sbm3v5Hf3GipKJKF1EvFItjysKGeC1jXTnLZiSXHocdr0Bpdjv/lApWKRuNfDmLohDgTzGcHaSHc33aCbL9hFewK0SJwZKVROvq+vyl9ntW7+o9OLSBJSoQnHSrUdO9ZuiqVmhNNRrpMoGmMywAFtGypwSJWbTk4doSOj9JAfSVNCo4n6eyLFoVLD0DOdIdZ9Ne+Nxf+8dqL9spsyESeaCjJd5Ccc6QiN/0Y9JinRfGgIJpKZWxHpY4mJNunkTAjO/MuLpHFadM6LpVuTRhWmyMIBHMIxOHABFahCDepAIIBHeIYXi1tP1qv1Nm3NWLOZffgD6/0HhvOQ/A==</latexit>

Ng
<latexit sha1_base64="yfIqjMvehmOjaiVduXHfJaL46d8=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUCmVGfHRZELErqWAf0JaSyWTa0MyD5I5Shn6AG3/FjQtF3PoB7vwKwS8w03ahrQcC555zLzf32KHgCkzz00gtLC4tr6RXM2vrG5tb2e2dugoiSVmNBiKQTZsoJrjPasBBsGYoGfFswRr24DzxG7dMKh74NzAMWccjPZ+7nBLQUjebu+r2cFvyXh+IlMEdTuoCbjtMAEmKPBzqLrNojoHniTUluXLh+/Ki9HVS7WY/2k5AI4/5QAVRqmWZIXRiIoFTwUaZdqRYSOiA9FhLU594THXi8TEjfKAVB7uB1M8HPFZ/T8TEU2ro2brTI9BXs14i/ue1InBLnZj7YQTMp5NFbiQwBDhJBjtcMgpiqAmhkuu/YtonklDQ+WV0CNbsyfOkflS0TovH1zqNCpogjfbQPsojC52hMqqgKqohiu7RI3pGL8aD8WS8Gm+T1pQxndlFf2C8/wDDc50w</latexit>

Ng ! Ng + �Ng(t)

8

<latexit sha1_base64="YIfvFoGsIrLOtYFGYwUIS9htUYQ=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiBEhDAjLjkGRMxJIpgFkiH09PQkTXp6xu6aQAj5Di8eFPHqx3jzKwS/wM5y0MQHBY/3qqiq58WCa7DtTyu1tLyyupZez2xsbm3vZHf3ajpKFGVVGolINTyimeCSVYGDYI1YMRJ6gtW93tXYr/eZ0jyS9zCImRuSjuQBpwSM5LZ8JoDg23YnD8ftbM4u2BPgReLMSK508n1zXfw6r7SzHy0/oknIJFBBtG46dgzukCjgVLBRppVoFhPaIx3WNFSSkGl3ODl6hI+M4uMgUqYk4In6e2JIQq0HoWc6QwJdPe+Nxf+8ZgJB0R1yGSfAJJ0uChKBIcLjBLDPFaMgBoYQqri5FdMuUYSCySljQnDmX14ktdOCc1E4uzNplNEUaXSADlEeOegSlVAZVVAVUfSAHtEzerH61pP1ar1NW1PWbGYf/YH1/gMR05Sr</latexit>
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Now: Change perspective, think of charge space as lattice sites!
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Thank you for your attention!
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