
Spin of Slater determinant
Spin operators

commutation relations

electron spin

ŝ = ŝxx+ ŝyy + ŝzz

[ŝx, ŝy] = ŝxŝy � ŝy ŝx = iŝz

[ŝy, ŝz] = iŝx

[ŝz, ŝx] = iŝy

ŝ2 = ŝ2x + ŝ2y + ŝ2z
<latexit sha1_base64="zhIJFrfQP+SK3Fz7Zx7wibfAgps=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARBKEmUdCNUHTjsoK9QJuGyXTaDp1MwsxEjKGP4cZXceNCEbfd+TZO2wi19YeBj/+cw5nz+xGjUlnWt5FbWl5ZXcuvFzY2t7Z3zN29mgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wc24Xn8gQtKQ36skIm6Aepx2KUZKW5552uojlcph24FXMGPvse2c/HIyw09txzOLVsmaCC6CnUERZKp45qjVCXEcEK4wQ1I2bStSboqEopiRYaEVSxIhPEA90tTIUUCkm04OG8Ij7XRgNxT6cQUn7uxEigIpk8DXnQFSfTlfG5v/1Zqx6l66KeVRrAjH00XdmEEVwnFKsEMFwYolGhAWVP8V4j4SCCudZUGHYM+fvAg1p2SflZy782L5OosjDw7AITgGNrgAZXALKqAKMHgGr+AdfBgvxpvxaXxNW3NGNrMP/sgY/QCxnqAw</latexit>
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1
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<latexit sha1_base64="rnV2cs0PnVsw/3drLsCoaU2gSgk=">AAACG3icbVDLSitBEO3xba5Xoy7dNAbhrsJMrqAbQXTjUsGokAmhplOTNPb0DN01YhjnP9z4K25cKOJKcOHf2IkRfB0oOJxTRVWdKFPSku+/ehOTU9Mzs3PzlT8LfxeXqssrJzbNjcCmSFVqziKwqKTGJklSeJYZhCRSeBqd7w/90ws0Vqb6mAYZthPoaRlLAeSkTrUR9oEKW3Yur0JQWR9CA7qnkO/wMDYgiqAsGuVVGCF9WJ1qza/7I/CfJBiTGhvjsFN9DrupyBPUJBRY2wr8jNoFGJJCYVkJc4sZiHPoYctRDQnadjH6reQbTunyODWuNPGR+nmigMTaQRK5zgSob797Q/E3r5VTvN0upM5yQi3eF8W54pTyYVC8Kw0KUgNHQBjpbuWiDy4ScnFWXAjB95d/kpNGPfhfbxxt1nb3xnHMsTW2zv6xgG2xXXbADlmTCXbNbtk9e/BuvDvv0Xt6b53wxjOr7Au8lzdrIaJC</latexit>
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<latexit sha1_base64="YiuciYeTMHtXR7ekMBvJZ4SbMi0=">AAACG3icbVDLSitBEO3xba5Xoy7dNAbhrsJMrqAbQXTjUsGokAmhplOTNPb0DN01YhjnP9z4K25cKOJKcOHf2IkRfB0oOJxTRVWdKFPSku+/ehOTU9Mzs3PzlT8LfxeXqssrJzbNjcCmSFVqziKwqKTGJklSeJYZhCRSeBqd7w/90ws0Vqb6mAYZthPoaRlLAeSkTrUR9oEKW3Yur8IICUIDuqeQ7/AwNiCKoCwa5VUIKut/eJ1qza/7I/CfJBiTGhvjsFN9DrupyBPUJBRY2wr8jNoFGJJCYVkJc4sZiHPoYctRDQnadjH6reQbTunyODWuNPGR+nmigMTaQRK5zgSob797Q/E3r5VTvN0upM5yQi3eF8W54pTyYVC8Kw0KUgNHQBjpbuWiDy4TcnFWXAjB95d/kpNGPfhfbxxt1nb3xnHMsTW2zv6xgG2xXXbADlmTCXbNbtk9e/BuvDvv0Xt6b53wxjOr7Au8lzdqBKJC</latexit>
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1

2
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<latexit sha1_base64="ftXFOsgWLmwN+M0Y6ZgA+KkGNJ4=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVZJW0I1QdOOygn1AU8rNdNIOnUzCzESoMR/ixl9x40IRNy4E/8bpY2FbD1w4nHMv997jx5wp7Tg/Vm5ldW19I79Z2Nre2d2z9w8aKkokoXUS8Ui2fFCUM0HrmmlOW7GkEPqcNv3h9dhv3lOpWCTu9CimnRD6ggWMgDZS1654A9CpyroPjx7weACeBNHnFF9iL5BAUjdLy9m817WLTsmZAC8Td0aKaIZa1/7yehFJQio04aBU23Vi3UlBakY4zQpeomgMZAh92jZUQEhVJ508l+ETo/RwEElTQuOJ+ncihVCpUeibzhD0QC16Y/E/r53o4KKTMhEnmgoyXRQkHOsIj5PCPSYp0XxkCBDJzK2YDMBkok2eBROCu/jyMmmUS26lVL49K1avZnHk0RE6RqfIReeoim5QDdURQU/oBb2hd+vZerU+rM9pa86azRyiOVjfv0hZorg=</latexit>
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2
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<latexit sha1_base64="duUT0agcTBw93orO/Qw0cVs/es0=">AAACG3icbVBNa9tAEF25TeO4Tau0x1yWmkAvNZITaC8F0156TCD+AMuY0XpkL16txO6o4Kj6H7n0r/TSQ0vpqZBD/k3Wjg+xnQcDj/dmmJkX50paCoJbr/bk6d6z/fpB4/mLw5ev/KPXPZsVRmBXZCozgxgsKqmxS5IUDnKDkMYK+/H8y9Lvf0NjZaYvaZHjKIWplokUQE4a++1oBlTaanz1PYqRIDKgpwr5J/4+SgyIMqzKdrXhjf1m0ApW4LskXJMmW+N87P+PJpkoUtQkFFg7DIOcRiUYkkJh1YgKizmIOUxx6KiGFO2oXP1W8ROnTHiSGVea+Ep9OFFCau0ijV1nCjSz295SfMwbFpR8HJVS5wWhFveLkkJxyvgyKD6RBgWphSMgjHS3cjEDFwm5OBsuhHD75V3Sa7fC01b74qzZ+byOo86O2Vv2joXsA+uwr+ycdZlg1+wn+83+eD+8X95f7999a81bz7xhG/Bu7gALbaIH</latexit>

ŝy|�i = � i

2
|↵i

<latexit sha1_base64="EbSj6N6v746Kvosb9pWdbii9RfI="></latexit>

ŝy|↵i =
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|�i

<latexit sha1_base64="EWryxyd6WEsWBtra+/e7PXw9xBg=">AAACG3icbVBNa9tAEF25H3HdLzc59rLUBHoykhtoLgGTXHJMIY4DlhCj9chevFqJ3VHAKPofufSv5NJDS8ipkEP+TdcfhdbOg4HHezPMzEsKJS35/qPXePb8xcud5qvW6zdv371vf9i9sHlpBA5ErnJzmYBFJTUOSJLCy8IgZInCYTI7WfjDKzRW5vqc5gVGGUy0TKUAclLc7oVToMrW8fw6BFVMITSgJwr5EQ9TA6KSddWrr8ME6a8Vtzt+11+Cb5NgTTpsjbO4/Tsc56LMUJNQYO0o8AuKKjAkhcK6FZYWCxAzmODIUQ0Z2qha/lbzfaeMeZobV5r4Uv13ooLM2nmWuM4MaGo3vYX4lDcqKT2MKqmLklCL1aK0VJxyvgiKj6VBQWruCAgj3a1cTMFFQi7Olgsh2Hx5m1z0usGXbu/bQad/vI6jyT6yT+wzC9hX1men7IwNmGA37Jb9ZL+8794P7867X7U2vPXMHvsP3sMfxWaiew==</latexit>



Spin of Slater determinant
Spin operators

electron spin

ŝ = ŝxx+ ŝyy + ŝzz ŝ2 = ŝ2x + ŝ2y + ŝ2z
<latexit sha1_base64="zhIJFrfQP+SK3Fz7Zx7wibfAgps=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARBKEmUdCNUHTjsoK9QJuGyXTaDp1MwsxEjKGP4cZXceNCEbfd+TZO2wi19YeBj/+cw5nz+xGjUlnWt5FbWl5ZXcuvFzY2t7Z3zN29mgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wc24Xn8gQtKQ36skIm6Aepx2KUZKW5552uojlcph24FXMGPvse2c/HIyw09txzOLVsmaCC6CnUERZKp45qjVCXEcEK4wQ1I2bStSboqEopiRYaEVSxIhPEA90tTIUUCkm04OG8Ij7XRgNxT6cQUn7uxEigIpk8DXnQFSfTlfG5v/1Zqx6l66KeVRrAjH00XdmEEVwnFKsEMFwYolGhAWVP8V4j4SCCudZUGHYM+fvAg1p2SflZy782L5OosjDw7AITgGNrgAZXALKqAKMHgGr+AdfBgvxpvxaXxNW3NGNrMP/sgY/QCxnqAw</latexit>

ŝx|↵i =
1
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<latexit sha1_base64="rnV2cs0PnVsw/3drLsCoaU2gSgk=">AAACG3icbVDLSitBEO3xba5Xoy7dNAbhrsJMrqAbQXTjUsGokAmhplOTNPb0DN01YhjnP9z4K25cKOJKcOHf2IkRfB0oOJxTRVWdKFPSku+/ehOTU9Mzs3PzlT8LfxeXqssrJzbNjcCmSFVqziKwqKTGJklSeJYZhCRSeBqd7w/90ws0Vqb6mAYZthPoaRlLAeSkTrUR9oEKW3Yur0JQWR9CA7qnkO/wMDYgiqAsGuVVGCF9WJ1qza/7I/CfJBiTGhvjsFN9DrupyBPUJBRY2wr8jNoFGJJCYVkJc4sZiHPoYctRDQnadjH6reQbTunyODWuNPGR+nmigMTaQRK5zgSob797Q/E3r5VTvN0upM5yQi3eF8W54pTyYVC8Kw0KUgNHQBjpbuWiDy4ScnFWXAjB95d/kpNGPfhfbxxt1nb3xnHMsTW2zv6xgG2xXXbADlmTCXbNbtk9e/BuvDvv0Xt6b53wxjOr7Au8lzdrIaJC</latexit>

ŝx|�i =
1
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<latexit sha1_base64="YiuciYeTMHtXR7ekMBvJZ4SbMi0=">AAACG3icbVDLSitBEO3xba5Xoy7dNAbhrsJMrqAbQXTjUsGokAmhplOTNPb0DN01YhjnP9z4K25cKOJKcOHf2IkRfB0oOJxTRVWdKFPSku+/ehOTU9Mzs3PzlT8LfxeXqssrJzbNjcCmSFVqziKwqKTGJklSeJYZhCRSeBqd7w/90ws0Vqb6mAYZthPoaRlLAeSkTrUR9oEKW3Yur8IICUIDuqeQ7/AwNiCKoCwa5VUIKut/eJ1qza/7I/CfJBiTGhvjsFN9DrupyBPUJBRY2wr8jNoFGJJCYVkJc4sZiHPoYctRDQnadjH6reQbTunyODWuNPGR+nmigMTaQRK5zgSob797Q/E3r5VTvN0upM5yQi3eF8W54pTyYVC8Kw0KUgNHQBjpbuWiDy4TcnFWXAjB95d/kpNGPfhfbxxt1nb3xnHMsTW2zv6xgG2xXXbADlmTCXbNbtk9e/BuvDvv0Xt6b53wxjOr7Au8lzdqBKJC</latexit>

ŝz|↵i =
1

2
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<latexit sha1_base64="ftXFOsgWLmwN+M0Y6ZgA+KkGNJ4=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVZJW0I1QdOOygn1AU8rNdNIOnUzCzESoMR/ixl9x40IRNy4E/8bpY2FbD1w4nHMv997jx5wp7Tg/Vm5ldW19I79Z2Nre2d2z9w8aKkokoXUS8Ui2fFCUM0HrmmlOW7GkEPqcNv3h9dhv3lOpWCTu9CimnRD6ggWMgDZS1654A9CpyroPjx7weACeBNHnFF9iL5BAUjdLy9m817WLTsmZAC8Td0aKaIZa1/7yehFJQio04aBU23Vi3UlBakY4zQpeomgMZAh92jZUQEhVJ508l+ETo/RwEElTQuOJ+ncihVCpUeibzhD0QC16Y/E/r53o4KKTMhEnmgoyXRQkHOsIj5PCPSYp0XxkCBDJzK2YDMBkok2eBROCu/jyMmmUS26lVL49K1avZnHk0RE6RqfIReeoim5QDdURQU/oBb2hd+vZerU+rM9pa86azRyiOVjfv0hZorg=</latexit>

ŝz|�i = �1

2
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<latexit sha1_base64="duUT0agcTBw93orO/Qw0cVs/es0=">AAACG3icbVBNa9tAEF25TeO4Tau0x1yWmkAvNZITaC8F0156TCD+AMuY0XpkL16txO6o4Kj6H7n0r/TSQ0vpqZBD/k3Wjg+xnQcDj/dmmJkX50paCoJbr/bk6d6z/fpB4/mLw5ev/KPXPZsVRmBXZCozgxgsKqmxS5IUDnKDkMYK+/H8y9Lvf0NjZaYvaZHjKIWplokUQE4a++1oBlTaanz1PYqRIDKgpwr5J/4+SgyIMqzKdrXhjf1m0ApW4LskXJMmW+N87P+PJpkoUtQkFFg7DIOcRiUYkkJh1YgKizmIOUxx6KiGFO2oXP1W8ROnTHiSGVea+Ep9OFFCau0ijV1nCjSz295SfMwbFpR8HJVS5wWhFveLkkJxyvgyKD6RBgWphSMgjHS3cjEDFwm5OBsuhHD75V3Sa7fC01b74qzZ+byOo86O2Vv2joXsA+uwr+ycdZlg1+wn+83+eD+8X95f7999a81bz7xhG/Bu7gALbaIH</latexit>

step operators

ŝ+ = ŝx + iŝy

ŝ� = ŝx � iŝy

ŝ+|↵i = 0

ŝ�|↵i = |�i ŝ�|�i = |↵i

ŝ+|�i = |↵i

ŝ2 = ŝ+ŝ� � ŝz + ŝ2z ŝ2 = ŝ�ŝ+ + ŝz + ŝ2z

ŝy|�i = � i

2
|↵i

<latexit sha1_base64="EbSj6N6v746Kvosb9pWdbii9RfI="></latexit>

ŝy|↵i =
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<latexit sha1_base64="EWryxyd6WEsWBtra+/e7PXw9xBg=">AAACG3icbVBNa9tAEF25H3HdLzc59rLUBHoykhtoLgGTXHJMIY4DlhCj9chevFqJ3VHAKPofufSv5NJDS8ipkEP+TdcfhdbOg4HHezPMzEsKJS35/qPXePb8xcud5qvW6zdv371vf9i9sHlpBA5ErnJzmYBFJTUOSJLCy8IgZInCYTI7WfjDKzRW5vqc5gVGGUy0TKUAclLc7oVToMrW8fw6BFVMITSgJwr5EQ9TA6KSddWrr8ME6a8Vtzt+11+Cb5NgTTpsjbO4/Tsc56LMUJNQYO0o8AuKKjAkhcK6FZYWCxAzmODIUQ0Z2qha/lbzfaeMeZobV5r4Uv13ooLM2nmWuM4MaGo3vYX4lDcqKT2MKqmLklCL1aK0VJxyvgiKj6VBQWruCAgj3a1cTMFFQi7Olgsh2Hx5m1z0usGXbu/bQad/vI6jyT6yT+wzC9hX1men7IwNmGA37Jb9ZL+8794P7867X7U2vPXMHvsP3sMfxWaiew==</latexit>



Spin of Slater determinant
many electron spin operators

Spin eigenfunctions

Ŝ� =
NX

k

ŝ�(k)Ŝ+ =
NX

k

ŝ+(k)

closed shell

open shell?

Ŝz|�1�2...�3i =
1

2
(N↵ �N�)|�1�2...�3i

configuration state functions

Ŝ2 = Ŝ · Ŝ =
NX

k

NX

l

ŝ(k) · ŝ(l) Ŝz =
NX

k

ŝz(k)

Ŝ2|�1�2...�3i = S(S + 1)�1�2...�3i
<latexit sha1_base64="pigV1mJVQ3Yp2DAVGOBDYNZY2dU=">AAACNHicfVBLSwMxGMzWV62vqkcvwSJUhGW3FfQiFL0IXiq1D+iuSzZN29BsdkmyQln7o7z4Q7yI4EERr/4G020P2ooDCcPMfCTf+BGjUlnWi5FZWFxaXsmu5tbWNza38ts7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g4ux37wjQtKQ36hhRNwA9TjtUoyUlrz8ldNHKqmNbkv3TtSnnp3eJdM0U1J2BOI9RuAZrBVrR/bhfyEvX7BMKwWcJ/aUFMAUVS//5HRCHAeEK8yQlG3bipSbIKEoZmSUc2JJIoQHqEfamnIUEOkm6dIjeKCVDuyGQh+uYKr+nEhQIOUw8HUyQKovZ72x+JfXjlX31E0oj2JFOJ481I0ZVCEcNwg7VBCs2FAThAXVf4W4jwTCSvec0yXYsyvPk0bJtMtm6fq4UDmf1pEFe2AfFIENTkAFXIIqqAMMHsAzeAPvxqPxanwYn5NoxpjO7IJfML6+AfY3qS8=</latexit>



Spin of Slater determinant
minimal basis hydrogen molecule

configuration interaction

=

=p
2(1 + S12)

p
2(1 + S12)

✓
4
2

◆
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<latexit sha1_base64="r04M0bkbsdw+cuIRXJuDArnP7Bk=">AAACGXicbVA9SwNBEN3z2/gVtbRZDEJswl0MaiOINpYRjAnkQtjbzCWLe3vH7pwQjvwNG/+KjYUillr5b9wkV6jxwcDjvZndmRckUhh03S9nbn5hcWl5ZbWwtr6xuVXc3rk1cao5NHgsY90KmAEpFDRQoIRWooFFgYRmcHc59pv3oI2I1Q0OE+hErK9EKDhDK3WLri8hxLIfQF+ojGnNhqOMj2q+X/VB9XLF16I/wEN6Ro+7xZJbcSegs8TLSYnkqHeLH34v5mkECrlkxrQ9N8GOfRgFlzAq+KmBhPE71oe2pYpFYDrZ5LIRPbBKj4axtqWQTtSfExmLjBlGge2MGA7MX28s/ue1UwxPO5lQSYqg+PSjMJUUYzqOifaEBo5yaAnjWthdKR8wzTjaMAs2BO/vybPktlrxjirV61rp/CKPY4XskX1SJh45IefkitRJg3DyQJ7IC3l1Hp1n5815n7bOOfnMLvkF5/Mbsp6grw==</latexit>

�2(x) = '1(r)�(s)
<latexit sha1_base64="S/DJF60vSSscOXS8TvPtPpAkdY8=">AAACF3icbZDNSsNAFIUn9a/Wv6hLN4NFaDclqYJuhKIblxVsKzQhTKaTduhkEmYmxRLyFm58FTcuFHGrO9/GSZuFth4YOHz3Xu7c48eMSmVZ30ZpZXVtfaO8Wdna3tndM/cPujJKBCYdHLFI3PtIEkY56SiqGLmPBUGhz0jPH1/n9d6ECEkjfqemMXFDNOQ0oBgpjTyz4cQj6jVrqeMH6UOW1eEldCZI5NSeU6Gp4xOFarLumVWrYc0El41dmCoo1PbML2cQ4SQkXGGGpOzbVqzcFAlFMSNZxUkkiREeoyHpa8tRSKSbzu7K4IkmAxhEQj+u4Iz+nkhRKOU09HVniNRILtZy+F+tn6jgwk0pjxNFOJ4vChIGVQTzkOCACoIVm2qDsKD6rxCPkEBY6SgrOgR78eRl02027NNG8/as2roq4iiDI3AMasAG56AFbkAbdAAGj+AZvII348l4Md6Nj3lryShmDsEfGZ8/xT2fDA==</latexit>

�3(x) = '2(r)↵(s)
<latexit sha1_base64="GTCh71mjl9NXa0YMM29qtXtglCk=">AAACGHicbZC7SgNBFIZnvcZ4W7W0GQxC0sTdRNBGCNpYRjAXyC7L2clsMmT2wsxsMCx5DBtfxcZCEdt0vo2TS6GJPwz8fOcczpzfTziTyrK+jbX1jc2t7dxOfndv/+DQPDpuyjgVhDZIzGPR9kFSziLaUExx2k4EhdDntOUP7qb11pAKyeLoUY0S6obQi1jACCiNPPPCSfrMqxYzxw+yp/G4hG+wMwQxpZU5FZo6wJM+FGXJMwtW2ZoJrxp7YQpoobpnTpxuTNKQRopwkLJjW4lyMxCKEU7HeSeVNAEygB7taBtBSKWbzQ4b43NNujiIhX6RwjP6eyKDUMpR6OvOEFRfLtem8L9aJ1XBtZuxKEkVjch8UZByrGI8TQl3maBE8ZE2QATTf8WkDwKI0lnmdQj28smrplkp29Vy5eGyULtdxJFDp+gMFZGNrlAN3aM6aiCCntErekcfxovxZnwaX/PWNWMxc4L+yJj8AJ+wn4I=</latexit>

�4(x) = '2(r)�(s)
<latexit sha1_base64="Mn1qbTfHKvlLuhpHg0byX1z9zCY=">AAACF3icbZDLSsNAFIYn9VbrLerSzWAR2k1IakE3QtGNywr2Ak0Ik+mkHTq5MDMplpC3cOOruHGhiFvd+TZO2iy09YeBn++cw5nzezGjQprmt1ZaW9/Y3CpvV3Z29/YP9MOjrogSjkkHRyzifQ8JwmhIOpJKRvoxJyjwGOl5k5u83psSLmgU3stZTJwAjULqU4ykQq5u2PGYus1aant++pBldXgF7SniOW0sKFfU9ohENVF39appmHPBVWMVpgoKtV39yx5GOAlIKDFDQgwsM5ZOirikmJGsYieCxAhP0IgMlA1RQISTzu/K4JkiQ+hHXL1Qwjn9PZGiQIhZ4KnOAMmxWK7l8L/aIJH+pZPSME4kCfFikZ8wKCOYhwSHlBMs2UwZhDlVf4V4jDjCUkVZUSFYyyevmm7DsM6Nxl2z2rou4iiDE3AKasACF6AFbkEbdAAGj+AZvII37Ul70d61j0VrSStmjsEfaZ8/yiufDw==</latexit>

�1(x) = '1(r)↵(s)
<latexit sha1_base64="5YG9wALXAfQo3a+R+W2WmIgUW2Y=">AAACGHicbZC7SgNBFIZnvcZ4W7W0GQxC0sTdKGgjBG0sI5gLZJdwdjKbDJm9MDMbDEsew8ZXsbFQxDadb+Mk2SIm/jDw851zOHN+L+ZMKsv6MdbWNza3tnM7+d29/YND8+i4IaNEEFonEY9EywNJOQtpXTHFaSsWFAKP06Y3uJ/Wm0MqJIvCJzWKqRtAL2Q+I6A06pgXTtxnHbuYOp6fPo/HJXyLnSGIBSo0dYDHfSjKUscsWGVrJrxq7MwUUKZax5w43YgkAQ0V4SBl27Zi5aYgFCOcjvNOImkMZAA92tY2hIBKN50dNsbnmnSxHwn9QoVndHEihUDKUeDpzgBUXy7XpvC/WjtR/o2bsjBOFA3JfJGfcKwiPE0Jd5mgRPGRNkAE03/FpA8CiNJZ5nUI9vLJq6ZRKduX5crjVaF6l8WRQ6foDBWRja5RFT2gGqojgl7QG/pAn8ar8W58Gd/z1jUjmzlBf2RMfgGav59/</latexit>

restricted Hartree-Fock wave function

 0(x1,x2) =
1p
2
[�1(x1)�2(x2)� �2(x1)�1(x2)]

<latexit sha1_base64="jejZnlwwJHQ6C3eW1g2Kzj/hvWE="></latexit>

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

 4
<latexit sha1_base64="j8tH7BxgGKa6ush3oy5I3iDWagc=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r3E8H69X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRrVf+iWrurVxrXeRxFOIFTOAcfLqEBt9CEFlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD1HtjvU=</latexit>

 5
<latexit sha1_base64="hqHsFQIEfH2qlPXLva7kOAIgTxY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY77JXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukWa0E55Xq/UW5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AFNxjvY=</latexit>

 =
X

i

 i

<latexit sha1_base64="HRUBn6Um6Ige8XB98pGLyfj2VuU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JUQS9C0YvHCvYDmhA22027dDcJuxshlPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZKa+sbm1vl7crO7t7+gX141FFJJgltk4QnshdiRTmLaVszzWkvlRSLkNNuOL6d+d1HKhVL4gedp9QXeBiziBGsjRTYVa+lGLpGnspEwLxUsYAFds2pO3OgVeIWpAYFWoH95Q0Skgkaa8KxUn3XSbU/wVIzwum04mWKppiM8ZD2DY2xoMqfzI+folOjDFCUSFOxRnP198QEC6VyEZpOgfVILXsz8T+vn+noyp+wOM00jcliUZRxpBM0SwINmKRE89wQTCQztyIywhITbfKqmBDc5ZdXSadRd8/rjfuLWvOmiKMMx3ACZ+DCJTThDlrQBgI5PMMrvFlP1ov1bn0sWktWMVOFP7A+fwD/IZRb</latexit>



Spin of Slater determinant
minimal basis hydrogen molecule

configurations 

=

=p
2(1 + S12)

p
2(1 + S12)

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

 4
<latexit sha1_base64="j8tH7BxgGKa6ush3oy5I3iDWagc=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r3E8H69X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRrVf+iWrurVxrXeRxFOIFTOAcfLqEBt9CEFlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD1HtjvU=</latexit>

 5
<latexit sha1_base64="hqHsFQIEfH2qlPXLva7kOAIgTxY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY77JXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukWa0E55Xq/UW5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AFNxjvY=</latexit>

total spin

S2 0 = (S�S+ + Sz + S2
z ) 0 = S(S + 1) 0

= 1p
2
[(s�(1)s+(1) + s�(1)s+(2) + s�(2)s+(1) + s�(2)s+(2))(�1(1)�2(2)� �2(1)�1(2))

+sz(1)(�1(1)�2(2)� �2(1)�1(2)) + sz(2)(�1(1)�2(2)� �2(1)�1(2))

+(sz(1)sz(1) + sz(1)sz(2) + sz(2)sz(1) + sz(2)sz(2))(�1(1)�2(2)� �2(1)�1(2))]
<latexit sha1_base64="YUdSiXHxdGzzI8x1TUfodOAmYnQ="></latexit>



Spin of Slater determinant
minimal basis hydrogen molecule

configurations 

=

=p
2(1 + S12)

p
2(1 + S12)

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

 4
<latexit sha1_base64="j8tH7BxgGKa6ush3oy5I3iDWagc=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r3E8H69X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRrVf+iWrurVxrXeRxFOIFTOAcfLqEBt9CEFlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD1HtjvU=</latexit>

 5
<latexit sha1_base64="hqHsFQIEfH2qlPXLva7kOAIgTxY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY77JXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukWa0E55Xq/UW5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AFNxjvY=</latexit>

total spin

S2 0 = 1p
2
[(s�(1)s+(1) + s�(1)s+(2) + s�(2)s+(1) + s�(2)s+(2))'1(1)'1(2)(↵(1)�(2)� �(1)↵(2))

+sz(1)'1(1)'1(2)(↵(1)�(2)� �(1)↵(2))

+sz(2)'1(1)'1(2)(↵(1)�(2)� �(1)↵(2))

+(sz(1)sz(1) + sz(1)sz(2) + sz(2)sz(1) + sz(2)sz(2))'1(1)'1(2)(↵(1)�(2)� �(1)↵(2))]
<latexit sha1_base64="9c5nzbtpoOaYdkJdQkapXbpJJ7E="></latexit>



Spin of Slater determinant
minimal basis hydrogen molecule

configurations 

=

=p
2(1 + S12)

p
2(1 + S12)

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

 4
<latexit sha1_base64="j8tH7BxgGKa6ush3oy5I3iDWagc=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r3E8H69X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRrVf+iWrurVxrXeRxFOIFTOAcfLqEBt9CEFlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD1HtjvU=</latexit>

 5
<latexit sha1_base64="hqHsFQIEfH2qlPXLva7kOAIgTxY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY77JXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukWa0E55Xq/UW5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AFNxjvY=</latexit>

total spin

S2 0 = 1p
2
'1(1)'1(2)[(s�(1)s+(1) + s�(1)s+(2) + s�(2)s+(1) + s�(2)s+(2))(↵(1)�(2)� �(1)↵(2))

+sz(1)(↵(1)�(2)� �(1)↵(2))

+sz(2)(↵(1)�(2)� �(1)↵(2))

+(sz(1)sz(1) + sz(1)sz(2) + sz(2)sz(1) + sz(2)sz(2))(↵(1)�(2)� �(1)↵(2))]
<latexit sha1_base64="QWaUN8Arw2CJYuuy7cWFQdAkPsY="></latexit>



Spin of Slater determinant
minimal basis hydrogen molecule

configurations 

=

=p
2(1 + S12)

p
2(1 + S12)

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

 4
<latexit sha1_base64="j8tH7BxgGKa6ush3oy5I3iDWagc=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r3E8H69X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRrVf+iWrurVxrXeRxFOIFTOAcfLqEBt9CEFlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD1HtjvU=</latexit>

 5
<latexit sha1_base64="hqHsFQIEfH2qlPXLva7kOAIgTxY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY77JXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukWa0E55Xq/UW5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AFNxjvY=</latexit>

total spin

S2 0 = 1p
2
'1(1)'1(2)[��(1)↵(2) + �(1)↵(2)� ↵(1)�(2) + ↵(1)�(2)

+ 1
2↵(1)�(2) +

1
2�(1)↵(2)

� 1
2↵(1)�(2)�

1
2�(1)↵(2)

+( 14 � 1
4 � 1

4 + 1
4 � 1

4 + 1
4 + 1

4 � 1
4 )(↵(1)�(2)� �(1)↵(2))]

= 0
<latexit sha1_base64="XoM3uBfCpZ8Q5k7q4XBgHMmtSyQ="></latexit> singlet



Spin of Slater determinant
minimal basis hydrogen molecule

configurations 

=

=p
2(1 + S12)

p
2(1 + S12)

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

 4
<latexit sha1_base64="j8tH7BxgGKa6ush3oy5I3iDWagc=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r3E8H69X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRrVf+iWrurVxrXeRxFOIFTOAcfLqEBt9CEFlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD1HtjvU=</latexit>

 5
<latexit sha1_base64="hqHsFQIEfH2qlPXLva7kOAIgTxY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY77JXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukWa0E55Xq/UW5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AFNxjvY=</latexit>

total spin

 3 = ('1(1)'2(2)� '2(1)'1(2))↵(1)↵(2)
<latexit sha1_base64="SeRMt9SBFV7L3gkO0m5HA6Kxnts=">AAACNXicbZDLSgMxFIYz9VbrbdSlm8EitAvLzFTQjVB048JFBXuBThnOpGkbmpkJSaZQSl/Kje/hShcuFHHrK5hepNp6IPDl/88hOX/AGZXKtl+M1Mrq2vpGejOztb2zu2fuH1RlnAhMKjhmsagHIAmjEakoqhipc0EgDBipBb3rsV/rEyFpHN2rASfNEDoRbVMMSku+eetxSf3iZc7rg+Bd6js 5J//Dbs7Nn84vc8PRRt4DxrswVqfg5n0zaxfsSVnL4Mwgi2ZV9s0nrxXjJCSRwgykbDg2V80hCEUxI6OMl0jCAfegQxoaIwiJbA4nW4+sE620rHYs9ImUNVF/TwwhlHIQBrozBNWVi95Y/M9rJKp90RzSiCeKRHj6UDthloqtcYRWiwqCFRtoACyo/quFuyAAKx10RofgLK68DFW34BQL7t1ZtnQ1iyONjtAxyiEHnaMSukFlVEEYPaBn9IbejUfj1fgwPqetKWM2c4j+lPH1DaTGqEk=</latexit>

S2 3 = (S�S+ + Sz + S2
z ) 3 = S(S + 1) 3

= 1p
2
('1(1)'2(2)� '2(1)'1(2))[(s�(1)s+(1) + s�(1)s+(2) + s�(2)s+(1) + s�(2)s+(2))↵(1)↵(2)

+sz(1)↵(1)↵(2) + sz(2)↵(1)↵(2)

+(sz(1)sz(1) + sz(1)sz(2) + sz(2)sz(1) + sz(2)sz(2))↵(1)↵(2)]
<latexit sha1_base64="ueSysBxRMZ6IgsALBaFHWB8uGCk="></latexit>



Spin of Slater determinant
minimal basis hydrogen molecule

configurations 

=

=p
2(1 + S12)

p
2(1 + S12)

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

 4
<latexit sha1_base64="j8tH7BxgGKa6ush3oy5I3iDWagc=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r3E8H69X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRrVf+iWrurVxrXeRxFOIFTOAcfLqEBt9CEFlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD1HtjvU=</latexit>

 5
<latexit sha1_base64="hqHsFQIEfH2qlPXLva7kOAIgTxY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY77JXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukWa0E55Xq/UW5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AFNxjvY=</latexit>

total spin

triplet

S2 3 = 1p
2
('1(1)'2(2)� '2(1)'1(2))[

(0 + 0 + 0 + 0)↵(1)↵(2)

+( 12 + 1
2 )↵(1)↵(2)

+( 14 + 1
4 + 1

4 + 1
4 )↵(1)↵(2)]

= 2 1p
2
('1(1)'2(2)� '2(1)'1(2))↵(1)↵(2)

<latexit sha1_base64="DW047H99NnB4HfDDIidUOJfvmI4="></latexit>



Spin of Slater determinant
minimal basis hydrogen molecule

configurations 

=

=p
2(1 + S12)

p
2(1 + S12)

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

 4
<latexit sha1_base64="j8tH7BxgGKa6ush3oy5I3iDWagc=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r3E8H69X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRrVf+iWrurVxrXeRxFOIFTOAcfLqEBt9CEFlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD1HtjvU=</latexit>

 5
<latexit sha1_base64="hqHsFQIEfH2qlPXLva7kOAIgTxY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY77JXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukWa0E55Xq/UW5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AFNxjvY=</latexit>

total spin
 4 = ('1(1)'2(2)� '2(1)'1(2))�(1)�(2)

<latexit sha1_base64="bx1kQgP7QH6nZ0uoUnHCfBurzts="></latexit>

S2 4 = (S�S+ + Sz + S2
z ) 4 = S(S + 1) 4

= 1p
2
('1(1)'2(2)� '2(1)'1(2))[(s�(1)s+(1) + s�(1)s+(2) + s�(2)s+(1) + s�(2)s+(2))�(1)�(2)

+sz(1)�(1)�(2) + sz(2)�(1)�(2)

+(sz(1)sz(1) + sz(1)sz(2) + sz(2)sz(1) + sz(2)sz(2))�(1)�(2)]
<latexit sha1_base64="PmrVoUjf+pGleoGgTp6w3kCxb0c="></latexit>



Spin of Slater determinant
minimal basis hydrogen molecule

configurations 

=

=p
2(1 + S12)

p
2(1 + S12)

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

 4
<latexit sha1_base64="j8tH7BxgGKa6ush3oy5I3iDWagc=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r3E8H69X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRrVf+iWrurVxrXeRxFOIFTOAcfLqEBt9CEFlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD1HtjvU=</latexit>

 5
<latexit sha1_base64="hqHsFQIEfH2qlPXLva7kOAIgTxY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY77JXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukWa0E55Xq/UW5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AFNxjvY=</latexit>

total spin

S2 4 = 1p
2
('1(1)'2(2)� '2(1)'1(2))[

(1 + 0 + 0 + 1)�(1)�(2)

+(� 1
2 � 1

2 )�(1)�(2)

+( 14 + 1
4 + 1

4 + 1
4 )�(1)�(2)]

= 2 1p
2
('1(1)'2(2)� '2(1)'1(2))�(1)�(2)

<latexit sha1_base64="bB6mVShj8UMk3r+9b6rqnpnmnNo="></latexit> triplet



Spin of Slater determinant
minimal basis hydrogen molecule

configurations 

=

=p
2(1 + S12)

p
2(1 + S12)

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

 4
<latexit sha1_base64="j8tH7BxgGKa6ush3oy5I3iDWagc=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r3E8H69X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRrVf+iWrurVxrXeRxFOIFTOAcfLqEBt9CEFlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD1HtjvU=</latexit>

 5
<latexit sha1_base64="hqHsFQIEfH2qlPXLva7kOAIgTxY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY77JXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukWa0E55Xq/UW5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AFNxjvY=</latexit>

total spin
 1 =

1p
2
['1(1)↵(1)'2�(2)� '2(1)�(2)'1(2)↵(2)]

<latexit sha1_base64="HDyL8I2J6ki8bkRYhag7llFtLLk="></latexit>



Spin of Slater determinant
minimal basis hydrogen molecule

configurations 

=

=p
2(1 + S12)

p
2(1 + S12)

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

 4
<latexit sha1_base64="j8tH7BxgGKa6ush3oy5I3iDWagc=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r3E8H69X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRrVf+iWrurVxrXeRxFOIFTOAcfLqEBt9CEFlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD1HtjvU=</latexit>

 5
<latexit sha1_base64="hqHsFQIEfH2qlPXLva7kOAIgTxY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY77JXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukWa0E55Xq/UW5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AFNxjvY=</latexit>

total spin

S2 1 = 1p
2
[(s�(1)s+(1) + s�(1)s+(2) + s�(2)s+(1) + s�(2)s+(2))'1(1)'2(2)↵(1)�(2)

�(s�(1)s+(1) + s�(1)s+(2) + s�(2)s+(1) + s�(2)s+(2))'2(1)'1(2)�(1)↵(2)

+sz(1)'1(1)'2(2)↵(1)�(2)� sz(1)'2(1)'1(2)�(1)↵(2)

+sz(2)'1(1)'2(2)↵(1)�(2)� sz(2)'2(1)'1(2)�(1)↵(2)

+(sz(1)sz(1) + sz(1)sz(2) + sz(2)sz(1) + sz(2)sz(2))'1(1)'2(2)↵(1)�(2)

�(sz(1)sz(1) + sz(1)sz(2) + sz(2)sz(1) + sz(2)sz(2))'2(1)'1(2)�(1)↵(2)
<latexit sha1_base64="TvJtWOUoLV9HuJHzaADxVqsUwt8="></latexit>



Spin of Slater determinant
minimal basis hydrogen molecule

configurations 

=

=p
2(1 + S12)

p
2(1 + S12)

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>

 3
<latexit sha1_base64="ZxcFqf6g9U4+Jk5N5DWKQ6sTpzQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ae0S8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7Wh8O/PbT1QbJsWDnSgaJngoWMwItk5q9ZRh/Vq/VPYr/hxolQQ5KUOORr/01RtIkiZUWMKxMd3AVzbMsLaMcDot9lJDFSZjPKRdRwVOqAmz+bVTdO6UAYqldiUsmqu/JzKcGDNJIteZYDsyy95M/M/rpja+DjMmVGqpIItFccqRlWj2OhowTYnlE0cw0czdisgIa0ysC6joQgiWX14lrWolqFWq95fl+k0eRwFO4QwuIIArqMMdNKAJBB7hGV7hzZPei/fufSxa17x85gT+wPv8AVBpjvQ=</latexit>

 4
<latexit sha1_base64="j8tH7BxgGKa6ush3oy5I3iDWagc=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgh6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r3E8H69X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRrVf+iWrurVxrXeRxFOIFTOAcfLqEBt9CEFlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD1HtjvU=</latexit>

 5
<latexit sha1_base64="hqHsFQIEfH2qlPXLva7kOAIgTxY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY77JXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukWa0E55Xq/UW5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AFNxjvY=</latexit>

total spin

no eigenfunction of total spin operator!

S2 1 = 1p
2
['1(1)↵(1)'2(2)�(2)� '2(1)�(1)'1(2)↵(2)

+'1(1)�(1)'2(2)↵(2)� '2(1)↵(1)'1(2)�(2)]

=  1 +  2

6= S(S + 1) 1
<latexit sha1_base64="uZonVEZbOQG+EkozzKwHXFo4uIU="></latexit>



Spin of Slater determinant
minimal basis hydrogen molecule

configurations 

=

=p
2(1 + S12)

p
2(1 + S12)

 0
<latexit sha1_base64="Z/xi0VX6LHsfatgJhZk6lAQxbHM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AUvdjvE=</latexit>

 1
<latexit sha1_base64="kfae+SLm/UcCbeOFJ1ClnUXk3Es=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3vf75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSatW9S+qtfvLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU1hjvI=</latexit>

 2
<latexit sha1_base64="vKFQW6cc1ibz7kjIdn6UcF2nyB0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua/eXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A07ljvM=</latexit>
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spin-adapted linear combinations: 

homework: show that both are eigenfunction of total spin operator.

 A =  1 +  2

= ('1(1)'2(1)� '2(1)'1(2))(↵(1)�(2) + �(1)↵(2))
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 B =  1 �  2

= ('1(1)'2(1) + '2(1)'1(2))(↵(1)�(2)� �(1)↵(2))
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Hartree-Fock Theory for n electrons

Expectations values for one and two electron operators

Hartree product (no spin)

Slater determinant (spin, Pauli principle)
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hÔ1i =
P

a

R
�
⇤
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Hartree-Fock Theory for n electrons

task: finding the best orbitals that minimize total energy

Variational principle

minimum

E � E0

@E = 0

'i(x) = 'i(x) + @'i(x)

constraint

h'i(x)|'k(x)i = �ik

Langrange multipliers

when for all orbitals



Hartree-Fock Theory for n electrons
task: finding the best orbitals that minimize total energy
Lagrangian (adding a smart zero, or actually n2 smart zeros)

minimum
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rearranging



Hartree-Fock Theory for n electrons
task: finding the best orbitals that minimize total energy
Lagrangian (adding a smart zero!)

minimum
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complex conjugate

rearranging



Hartree-Fock Theory for n electrons
task: finding the best orbitals that minimize total energy
Lagrangian (adding a smart zero!)

minimum
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i
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complex conjugate

rearranging changing variables



Hartree-Fock Theory for n electrons
task: finding the best orbitals that minimize total energy
Lagrangian (adding a smart zero!)

minimum

L = E �
X

i

X

k

✏ik [h'i|'ki � �ik]

@L = @E �
X

i

X

k

✏ik [h@'i|'ki+ h'i|@'ki] = 0

rearranging
@E =

P
ih@'i|ĥ|'ii+

P
i

P
k[h@'i'k| 1

r12
|'i'ki � h@'i'k| 1

r12
|'k'ii]

+ c.c



Hartree-Fock Theory for n electrons
task: finding the best orbitals that minimize total energy

for each orbital:

exchange

coulomb

@E =
P

ih@'i|ĥ|'ii +
P

i

P
kh@'i'k| 1

r12
|'i'ki

�
P

i

P
kh@'i'k| 1

r12
|'k'ii

+ c.c.

h@'i|ĥ|'ii+ h@'i|
P

k
|'k|2
r12

|'ii � h@'i
P

kh'k| 1
r12

|'ii'ki

rearranging



Hartree-Fock Theory for n electrons
task: finding the best orbitals that minimize total energy

rearranging a bit more

Fock operator

non-local exchange operator

local coulomb operator

Ĵk|'i(1)i =
|'k|2

r12
|'i(1)i

K̂k|'i(1)i = h'k(2)|
1

r12
|'i(2)i|'k(1)i

f̂ = ĥ+
X

k

h
Ĵk � K̂k

i

h@'i|ĥ|'ii+ h@'i|
P

k
|'k|2
r12

|'ii � h@'i
P

kh'k| 1
r12

|'ii'ki



Hartree-Fock Theory for n electrons
task: finding the best orbitals that minimize total energy

going back the the lagrangian

system of n coupled non-linear equations

h@'i|
"
f̂ |'ii �

X

k

✏ik|'ki
#
= 0

X

i

"
h@'i|f̂ |'ii �

X

k

✏ikh@'i|'ki
#
= 0

f̂ |'ii =
X

k

✏ik|'ki

let’s try to uncouple them!

@L = @E �
X

i

X

k

✏ik [h@'i|'ki+ h'i|@'ki] = 0

thus



Hartree-Fock Theory for n electrons
task: finding the best orbitals that minimize total energy

unitary transformation

system of n coupled non-linear equations

f̂ |'ii =
X

k

✏ik|'ki

Û† = Û�1Û†Û = 1

F|'i = ✏|'i
matrix notation

UFU†U|'i = U✏U†U|'i
choose unitary transformation matrix that diagonalizes ε

Fock equation

F0|'0i = ✏0|'0i ✏0ik = �ik✏k

|'0
ai = Û |�ai =

X

k

|'kiUka
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Hartree-Fock Theory for n electrons
task: finding the best orbitals that minimize total energy

canonical Hartree-Fock orbitals

orbital energies (ionization energies and electron affinities)

total energy (correct double counting, also first order energy in PT)

f̂ |'0
ii = ✏0i|'0

ii
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i

X
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Hartree-Fock Theory for n electrons
task: finding the best orbitals that minimize total energy

canonical Hartree-Fock orbitals

orbital energies (ionization energies and electron affinities)

total energy (correct double counting)

✏i = h'i|ĥ|'i+
P

k
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dx1dx2
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Hartree-Fock Theory for n electrons

solving non-linear eigenvalues equations numerically

step 1: get rid of spin and express in real spatial orbitals

step 2: expand spatial orbitals in basis functions

restricted Hartree Fock

Hartree-Fock eigenvalue equations

electron pair with opposite spin in same spatial orbital

'i(x) = �j(r)↵(s)

'i+1(x) = �j(r)�(s)

f̂(r)'i(x) = ✏i'(x)
<latexit sha1_base64="uzJNjRwborxVMGS6vHjINGBHqUA="></latexit>



f̂(x1)�i(r1)↵(s1) = ĥ0(r1)�i(r1)↵(s1)
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Hartree-Fock Theory for n electrons

solving non-linear eigenvalues equations numerically

step 1: get rid of spin and express in real spatial orbitals
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Hartree-Fock Theory for n electrons

solving non-linear eigenvalues equations numerically

step 1: get rid of spin and express in real spatial orbitals
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Hartree-Fock Theory for n electrons

solving non-linear eigenvalues equations numerically

step 1: get rid of spin and express in real spatial orbitals



R
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↵⇤(s1)ĥ0(r1)�(r1)↵(s1)ds1

+
Pn/2

k

R R
↵⇤(s1)�⇤

k(r2)
1

r12
�k(r2)�i(r1)↵(s1)dr2ds1

+
Pn/2

k

R R
↵⇤(s1)�⇤

k(r2)
1

r12
�k(r2)�i(r1)↵(s1)dr2ds1

�
Pn/2

k

R R
↵⇤(s1)�⇤

k(r2)
1

r12
�i(r2)�k(r1)↵(s1)dr2ds1

Hartree-Fock Theory for n electrons

f̂(r1)�i(r1) = ĥ0(r1)�(r1)

+2
Pn/2

k
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1
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�k(r2)�i(r1)dr2
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= ✏i�i(r1)

solving non-linear eigenvalues equations numerically

step 1: get rid of spin and express in real spatial orbitals

Hartree-Fock eigenvalue equation for spatial orbitals 



Hartree-Fock Theory for n electrons

�i(r) =
kX

j

cij�j(r�Rj)

f̂(r1)�i(r1) = ĥ0(r1)�(r1)
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1
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solving non-linear eigenvalues equations numerically

step 1: get rid of spin and express in real spatial orbitals

step 2: expand spatial orbitals in basis functions (basisset)



Hartree-Fock Theory for n electrons

linear combination of atomic orbitals

�i(r) =
kX

j

cij�j(r�Rj)

hydrogen-like orbitals (one possibility out of many....)

�1 =  1s(⇣1)

�2 =  2s(⇣2)

�3 =  2p(⇣3)

�4 = ...
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�i(r) =
kX

j

cij�j(r�Rj)

f̂(r1)
X

⌫
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c⌫i�⌫(r1)
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Z
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solving non-linear eigenvalues equations numerically

step 2: expand spatial orbitals in basis functions

Hartree-Fock Theory for n electrons



X
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⌫
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FC = SC✏

|F� ✏iS| = 0

solving non-linear eigenvalues equations numerically

step 2: expand spatial orbitals in basis functions (basisset)

Hartree-Fock Theory for n electrons

solution if, and only if

express in terms of matrices
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solving non-linear eigenvalues equations numerically

non-linear: F depends on C

Hartree-Fock Theory for n electrons



Hartree-Fock 

Fc = �iSc

iterate until self-consistency

Roothaan-Hall equations

non-linear eigenvalue problem

pre-compute integrals of basisset

practical algorithm

Sµ⌫ = h�µ|�⌫i


