
NEW PATHS FOR

FIRST-PRINCIPLES METHODS

MOTIVATION
Electronic structure is the key issue behind materials 
properties, those of atoms, molecules and solids, in all 
phases. The conventional approaches target on finding 
either the wave function or the density of the many-
electron system. Both of these approaches have their 
pros and cons, and consequently, somewhat different 
subfields of applications. 

The conventional approaches also suffer from laborious 
or insufficient description of many-body effects, 
they are restricted to zero-Kelvin temperature and 
restricted to Born–Oppenheimer approximation. 

FEYNMAN PATH INTEGRALS
Feynman path integrals (PI) provide an alternative 
approach to quantum theory, and also, derivation of 
Schrödinger equation [1]. Furthermore, with the PI the 
time evolution of the wave function or the density matrix 
can be simulated [1,2], and also, stationary eigenstates 
and energies can be found.

Path integral approaches heal the before mentioned 
deficiencies of conventional ab initio methods. 
 
Below, playing with the real and imaginary time, like:
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These approaches simulate coherent time evolution in 
real time or stationary eigenstates from incoherent 
time evolution.  This may also lead to practical solutions 
to the fermion sign problem.  For proof-of-concept 
studies and demonstrations see the reference 5.
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𝝉DMC

Everywhere real and positive!

Thus, probability interpretation 

and ”simulation of diffusion”

Complex function!

Novel ”real time 
diffusion Monte 
Carlo” approach

DMC

K =

Z
exp(iS) Dx(t)
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G = Gdi↵ GB

Gdi↵ = C1 exp(��x2/2⌧)
GB = C2 exp[�(V̄ � ET )⌧ ]
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K = C exp(i�)
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S[xa, xb] =

Z tb

ta

Lxdt
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 (x, ⌧) =

Z

a
G(x, ⌧ ;xa, ⌧a) (xa, ⌧a)dxa
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Quantum statistical physics 
at finite temperature T > 0, 

i.e. NVT ensemble

Free energy minimum!

The first real time path integral 
approach to find the wave 

function of electrons
We have studied several small 
atoms and molecules to settle 
the nonadiabatic coupling of 
nuclei and electrons and the 
roles of quantum and thermal 
dynamics.  The most prominent 
thermal effect is dissociation–
recombination reaction [3].


Most recently, static and dynamic 
electric multipole 
(hyper)polarizabilities including 
rovibrational effects, and also, 
van der Waals coefficients 
have been evaluated [4 i–iv].

Thermal effects on interactions 
between quantum dots were 
simulated to establish thermal 
reliability of related devices [4 v].

PIMC

RTPI tDMC
� = ⌧b � ⌧a =

1

kBT
<latexit sha1_base64="5hL5ZzoyuVXuVII34PCupa9pNYk=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0XQhSURQTdCURcuK/QFTQmT6aQdOsmEmRuhlP6AG3/FjYgbBVf+gn/jpM2mrQcGDuecy517gkRwDY7zaxVWVtfWN4qbpa3tnd09e/+gqWWqKGtQKaRqB0QzwWPWAA6CtRPFSBQI1gqGd5nfemJKcxnXYZSwbkT6MQ85JWAk3z7zAgYE32APSOoH+HxGMmXsYk+aWTz0b3F94ttlp+JMgZeJm5MyylHz7R+vJ2kasRioIFp3XCeB7pgo4FSwSclLNUsIHZI+G08PmeATI/VwKJV5MeCpOpcjkdajKDDJiMBAL3qZ+J/XSSG87o55nKTAYjpbFKYCg8RZK7jHFaMgRoYQqrj5IaYDoggF013JnO4uHrpMmhcV16m4j5fl6n1eQhEdoWN0ilx0haroAdVQA1H0gt7QJ/qynq1X6936mEULVj5ziOZgff8B62mXHw==</latexit><latexit sha1_base64="5hL5ZzoyuVXuVII34PCupa9pNYk=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0XQhSURQTdCURcuK/QFTQmT6aQdOsmEmRuhlP6AG3/FjYgbBVf+gn/jpM2mrQcGDuecy517gkRwDY7zaxVWVtfWN4qbpa3tnd09e/+gqWWqKGtQKaRqB0QzwWPWAA6CtRPFSBQI1gqGd5nfemJKcxnXYZSwbkT6MQ85JWAk3z7zAgYE32APSOoH+HxGMmXsYk+aWTz0b3F94ttlp+JMgZeJm5MyylHz7R+vJ2kasRioIFp3XCeB7pgo4FSwSclLNUsIHZI+G08PmeATI/VwKJV5MeCpOpcjkdajKDDJiMBAL3qZ+J/XSSG87o55nKTAYjpbFKYCg8RZK7jHFaMgRoYQqrj5IaYDoggF013JnO4uHrpMmhcV16m4j5fl6n1eQhEdoWN0ilx0haroAdVQA1H0gt7QJ/qynq1X6936mEULVj5ziOZgff8B62mXHw==</latexit><latexit sha1_base64="5hL5ZzoyuVXuVII34PCupa9pNYk=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0XQhSURQTdCURcuK/QFTQmT6aQdOsmEmRuhlP6AG3/FjYgbBVf+gn/jpM2mrQcGDuecy517gkRwDY7zaxVWVtfWN4qbpa3tnd09e/+gqWWqKGtQKaRqB0QzwWPWAA6CtRPFSBQI1gqGd5nfemJKcxnXYZSwbkT6MQ85JWAk3z7zAgYE32APSOoH+HxGMmXsYk+aWTz0b3F94ttlp+JMgZeJm5MyylHz7R+vJ2kasRioIFp3XCeB7pgo4FSwSclLNUsIHZI+G08PmeATI/VwKJV5MeCpOpcjkdajKDDJiMBAL3qZ+J/XSSG87o55nKTAYjpbFKYCg8RZK7jHFaMgRoYQqrj5IaYDoggF013JnO4uHrpMmhcV16m4j5fl6n1eQhEdoWN0ilx0haroAdVQA1H0gt7QJ/qynq1X6936mEULVj5ziOZgff8B62mXHw==</latexit><latexit sha1_base64="5hL5ZzoyuVXuVII34PCupa9pNYk=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0XQhSURQTdCURcuK/QFTQmT6aQdOsmEmRuhlP6AG3/FjYgbBVf+gn/jpM2mrQcGDuecy517gkRwDY7zaxVWVtfWN4qbpa3tnd09e/+gqWWqKGtQKaRqB0QzwWPWAA6CtRPFSBQI1gqGd5nfemJKcxnXYZSwbkT6MQ85JWAk3z7zAgYE32APSOoH+HxGMmXsYk+aWTz0b3F94ttlp+JMgZeJm5MyylHz7R+vJ2kasRioIFp3XCeB7pgo4FSwSclLNUsIHZI+G08PmeATI/VwKJV5MeCpOpcjkdajKDDJiMBAL3qZ+J/XSSG87o55nKTAYjpbFKYCg8RZK7jHFaMgRoYQqrj5IaYDoggF013JnO4uHrpMmhcV16m4j5fl6n1eQhEdoWN0ilx0haroAdVQA1H0gt7QJ/qynq1X6936mEULVj5ziOZgff8B62mXHw==</latexit>

⇢(x) =

Z
exp(�S[0,�]) Dx(⌧)

<latexit sha1_base64="91g1ODTUVW+WuDdwZKoj+qJCucw=">AAACD3icbVDJSgNBFHwT97hFPXppDMIENMx40YsQ0YNHtyyQGUJPp5M06VnofiMJIZ/gwYu/4kXEi6Kf4N/YSbwkWtBQVFXzXr0gkUKj43xbmbn5hcWl5ZXs6tr6xmZua7ui41QxXmaxjFUtoJpLEfEyCpS8lihOw0DyatA9H/nVe660iKM77CfcD2k7Ei3BKBqpkXM81YntXoGcEk9ESAaeCgnvJUP78LbuHHgBR+oXiEcueraHNC00cnmn6IxB/hL3l+RLZzcPbwBw1ch9es2YpSGPkEmqdd11EvQHVKFgkg+zXqp5QlmXtvlg3GdI9o3UJK1YmWd2GqtTORpq3Q8DkwwpdvSsNxL/8+optk78gYiSFHnEJoNaqSQYk9FxSFMozlD2DaFMCbMhYR2qKENzwqyp7s4W/UsqR0XXKbrX5gYXMMEy7MIe2ODCMZTgEq6gDAye4AXe4cN6tJ6tV+ttEs1Yv392YArW1w+MQ5vS</latexit><latexit sha1_base64="Yf7hqF2P9ZSgFB/mwJ3FklEpXI0=">AAACD3icbVDJSgNBFOyJW4zbqEdBGoOQgIYZL3oRoubgMS5ZIDOEnk4nadKz0P1GEkI+wYMXf8WLiB4U/QSP/omd5ZJoQUNRVc179bxIcAWW9W0k5uYXFpeSy6mV1bX1DXNzq6zCWFJWoqEIZdUjigkesBJwEKwaSUZ8T7CK17kY+pU7JhUPg1voRcz1SSvgTU4JaKluWo5sh5luFp9ihweA+470MetGg8zhTc06cDwGxM1iBxe6GQdInK2baStnjYD/EntC0vmz6/u33fOfYt38dBohjX0WABVEqZptReD2iQROBRuknFixiNAOabH+qM8A72upgZuh1E/vNFKncsRXqud7OukTaKtZbyj+59ViaJ64fR5EMbCAjgc1Y4EhxMPj4AaXjILoaUKo5HpDTNtEEgr6hCld3Z4t+peUj3K2lbOv9A0KaIwk2kF7KINsdIzy6BIVUQlR9Iie0Tv6MB6MJ+PFeB1HE8bkzzaagvH1Cy04nRQ=</latexit><latexit sha1_base64="Yf7hqF2P9ZSgFB/mwJ3FklEpXI0=">AAACD3icbVDJSgNBFOyJW4zbqEdBGoOQgIYZL3oRoubgMS5ZIDOEnk4nadKz0P1GEkI+wYMXf8WLiB4U/QSP/omd5ZJoQUNRVc179bxIcAWW9W0k5uYXFpeSy6mV1bX1DXNzq6zCWFJWoqEIZdUjigkesBJwEKwaSUZ8T7CK17kY+pU7JhUPg1voRcz1SSvgTU4JaKluWo5sh5luFp9ihweA+470MetGg8zhTc06cDwGxM1iBxe6GQdInK2baStnjYD/EntC0vmz6/u33fOfYt38dBohjX0WABVEqZptReD2iQROBRuknFixiNAOabH+qM8A72upgZuh1E/vNFKncsRXqud7OukTaKtZbyj+59ViaJ64fR5EMbCAjgc1Y4EhxMPj4AaXjILoaUKo5HpDTNtEEgr6hCld3Z4t+peUj3K2lbOv9A0KaIwk2kF7KINsdIzy6BIVUQlR9Iie0Tv6MB6MJ+PFeB1HE8bkzzaagvH1Cy04nRQ=</latexit><latexit sha1_base64="kVm8VbCUYGxyaG+207uSEFArliw=">AAACD3icbVDLSgMxFM3UV62vUZdugkVoQUvGjW6Egl24rGgf0BlKJk3b0MyD5I60DP0IN/6KGxE3in6Cf2P62LT1QOBwzgn3nuvHUmgg5NfKrK1vbG5lt3M7u3v7B/bhUV1HiWK8xiIZqaZPNZci5DUQIHkzVpwGvuQNf3A78RtPXGkRhY8wirkX0F4ouoJRMFLbJq7qR4VhEd9gV4SAU1cFmA/jceHioUXOXZ8D9YrYxZVhwQWaFNt2npTIFHiVOHOSR3NU2/a324lYEvAQmKRatxwSg5dSBYJJPs65ieYxZQPa4+m0zxifGamDu5Eyz+w0VRdyNNB6FPgmGVDo62VvIv7ntRLoXnupCOMEeMhmg7qJxBDhyXFwRyjOQI4MoUwJsyFmfaooA3PCnKnuLBddJfXLkkNKzj3JlyvzI2TRCTpFBeSgK1RGd6iKaoihF/SGPtGX9Wy9Wu/WxyyaseZ/jtECrJ8/w2KZsg==</latexit>

”period”

⌧ = it
H (x, ⌧) =

@ (x, ⌧)

@⌧
<latexit sha1_base64="smPsb55zbm3ajFiTjUMWOjMceq8=">AAACG3icbVDLSgMxFL1TX7W+Rl26CRahgpQZNwoqFHTRZQX7gE4pmTTThmYmQ5IRS+mnuNFPcVPEjYIL/8ZMW5C2Xggczjm5yTl+zJnSjvNjZVZW19Y3spu5re2d3T17/6CmRCIJrRLBhWz4WFHOIlrVTHPaiCXFoc9p3e/fpnr9kUrFRPSgBzFthbgbsYARrA3Vtq/LyIsVKzydeRonp+gGDb0YS80wnxc8YdagP82Qo7add4rOZNAycGcgX7p6rZcAoNK2x15HkCSkkSYcK9V0nVi3hulOwuko5yWKxpj0cZcOJ9lG6MRQHRQIaU6k0YSd8+FQqUHoG2eIdU8tain5n9ZMdHDZGrIoTjSNyPShIOFIC5QWhTpMUqL5wABMJDM/RKSHJSba1Jkz0d3FoMugdl50naJ7bzq4g+lk4QiOoQAuXEAJylCBKhB4gTF8wpf1bL1Z79bH1JqxZncOYW6s718Y6aGU</latexit><latexit sha1_base64="5riygFwyuQtNE5euHQg2Tn3SWQI=">AAACG3icbVBLSwMxGMzWV62vVY9egkWoIGXXgwo+KOihxwr2Ad1SsmnahmY3IcmKdelP8aJHf4aXIl4UPPhvzLYFaesHgWFm8iUzvmBUacf5sVILi0vLK+nVzNr6xuaWvb1TUTySmJQxZ1zWfKQIoyEpa6oZqQlJUOAzUvV714levSdSUR7e6b4gjQB1QtqmGGlDNe2LIvSEormHI0+j6BBewtgTSGqK2LTgcbMG/mmGHDTtrJN3RgPngTsB2cL5S/Xq9eSx1LSHXovjKCChxgwpVXcdoRtxshMzMsh4kSIC4R7qkHiUbQAPDNWCbS7NCTUcsVM+FCjVD3zjDJDuqlktIf/T6pFunzViGopIkxCPH2pHDGoOk6Jgi0qCNesbgLCk5ocQd5FEWJs6Mya6Oxt0HlSO866Td29NBzdgPGmwB/ZBDrjgFBRAEZRAGWDwDIbgE3xZT9ab9W59jK0pa3JnF0yN9f0L2JGi7Q==</latexit><latexit sha1_base64="5riygFwyuQtNE5euHQg2Tn3SWQI=">AAACG3icbVBLSwMxGMzWV62vVY9egkWoIGXXgwo+KOihxwr2Ad1SsmnahmY3IcmKdelP8aJHf4aXIl4UPPhvzLYFaesHgWFm8iUzvmBUacf5sVILi0vLK+nVzNr6xuaWvb1TUTySmJQxZ1zWfKQIoyEpa6oZqQlJUOAzUvV714levSdSUR7e6b4gjQB1QtqmGGlDNe2LIvSEormHI0+j6BBewtgTSGqK2LTgcbMG/mmGHDTtrJN3RgPngTsB2cL5S/Xq9eSx1LSHXovjKCChxgwpVXcdoRtxshMzMsh4kSIC4R7qkHiUbQAPDNWCbS7NCTUcsVM+FCjVD3zjDJDuqlktIf/T6pFunzViGopIkxCPH2pHDGoOk6Jgi0qCNesbgLCk5ocQd5FEWJs6Mya6Oxt0HlSO866Td29NBzdgPGmwB/ZBDrjgFBRAEZRAGWDwDIbgE3xZT9ab9W59jK0pa3JnF0yN9f0L2JGi7Q==</latexit><latexit sha1_base64="ybrztRh5jqJIygJZFqH2Y71wMWg=">AAACG3icbVDLSgMxFM3UV62vUZdugkWoIGXGjS4UCrrosoJ9QKeUTJq2oZnJkNwRy9BPceOvuCniRsGFf2OmHZC2Xggczjm5yTl+JLgGx/mxcmvrG5tb+e3Czu7e/oF9eNTQMlaU1akUUrV8opngIasDB8FakWIk8AVr+qO7VG8+MaW5DB9hHLFOQAYh73NKwFBd+6aKvUjz0vOFByQ+x7c48SKigBOxKHjSrMF/miEnXbvolJ3Z4FXgZqCIsql17anXkzQOWAhUEK3brhNBJ0l3UsEmBS/WLCJ0RAYsmWWb4DND9XBfKnNCwDN2wUcCrceBb5wBgaFe1lLyP60dQ/+6k/AwioGFdP5QPxYYJE6Lwj2uGAUxNoBQxc0PMR0SRSiYOgsmurscdBU0LsuuU3YfnGLlPishj07QKSohF12hCqqiGqojil7RFH2iL+vFerPerY+5NWdld47Rwljfv9tIn98=</latexit>

H (x, t) = i
@ (x, t)

@t
<latexit sha1_base64="1h974aSPjfVaagsydGzZp1+6WHg=">AAACFHicbVDLSgMxFL3js9bXqEs3wSJUkDIjiIIIBV10WcE+oFNKJs20oZmZkGTEMvQ33Lj0N9yICKLg3r8xfSC29ULgcM7JTc7xBWdKO863tbC4tLyymlnLrm9sbm3bO7tVFSeS0AqJeSzrPlaUs4hWNNOc1oWkOPQ5rfm9q6Feu6NSsTi61X1BmyHuRCxgBGtDtezTEvKEYvn7Y32ELhFDqSew1AzzP7wXmxXoV9CDlp1zCs5o0DxwJyBXvHiqFQGg3LLfvXZMkpBGmnCsVMN1hG6mw4WE00HWSxQVmPRwh6ajUAN0aKg2CmJpTqTRiJ3y4VCpfugbZ4h1V81qQ/I/rZHo4LyZskgkmkZk/FCQmFgxGjaE2kxSonnfAEwkMz9EpIslJtr0mDXR3dmg86B6UnCdgntjOriG8WRgHw4gDy6cQRFKUIYKEHiEF/iAT+vBerZerbexdcGa3NmDqbG+fgD5Wp5B</latexit><latexit sha1_base64="6eB59sRXSdSh8ogrcrQ6AdL4x9o=">AAACFHicbVBLSwMxGMz6rPW16tFLsAgVpOwKPkCUgh56rGAf0C0lm2bb0OwmJFmxLv0bXjx69C94ERFEwbv/xvSB2NYPAsPM5EtmfMGo0o7zbc3Mzs0vLKaW0ssrq2vr9sZmWfFYYlLCnHFZ9ZEijEakpKlmpCokQaHPSMXvXPT1yg2RivLoWncFqYeoFdGAYqQN1bAPC9ATimZv9/UePIMUJp5AUlPE/vAeNyvgr6B7DTvj5JzBwGngjkAmf/pYOX86uis27HevyXEckkhjhpSquY7Q9aS/EDPSS3uxIgLhDmqRZBCqB3cN1YQBl+ZEGg7YMR8KleqGvnGGSLfVpNYn/9NqsQ5O6gmNRKxJhIcPBbGJxWG/IdikkmDNugYgLKn5IcRtJBHWpse0ie5OBp0G5YOc6+TcK9PBJRhOCmyDHZAFLjgGeVAARVACGDyAF/ABPq1769l6td6G1hlrdGcLjI319QO5EZ+a</latexit><latexit sha1_base64="6eB59sRXSdSh8ogrcrQ6AdL4x9o=">AAACFHicbVBLSwMxGMz6rPW16tFLsAgVpOwKPkCUgh56rGAf0C0lm2bb0OwmJFmxLv0bXjx69C94ERFEwbv/xvSB2NYPAsPM5EtmfMGo0o7zbc3Mzs0vLKaW0ssrq2vr9sZmWfFYYlLCnHFZ9ZEijEakpKlmpCokQaHPSMXvXPT1yg2RivLoWncFqYeoFdGAYqQN1bAPC9ATimZv9/UePIMUJp5AUlPE/vAeNyvgr6B7DTvj5JzBwGngjkAmf/pYOX86uis27HevyXEckkhjhpSquY7Q9aS/EDPSS3uxIgLhDmqRZBCqB3cN1YQBl+ZEGg7YMR8KleqGvnGGSLfVpNYn/9NqsQ5O6gmNRKxJhIcPBbGJxWG/IdikkmDNugYgLKn5IcRtJBHWpse0ie5OBp0G5YOc6+TcK9PBJRhOCmyDHZAFLjgGeVAARVACGDyAF/ABPq1769l6td6G1hlrdGcLjI319QO5EZ+a</latexit><latexit sha1_base64="tYrJZ4vtEFZsW5WL3TBxT906ocw=">AAABz3icbVBNSwMxFHxbv+patZ69BIvgqWS96FHw4rGC/YC2lmw224ZmkyV5K5TSmyfFk3/Kv+C/Mdv20taBB8PMg/dm4lxJh5T+BpW9/YPDo+pxeFILT8/O67WOM4Xlos2NMrYXMyeU1KKNEpXo5VawLFaiG08fS7/7JqyTRr/gLBfDjI21TCVn6KXWqN6gTboE2SXRmjRgjVH9Z5AYXmRCI1fMuX5EcxzOmUXJlViEg8KJnPEpG4v58rkFufZSQlJj/WgkS3Vjj2XOzbLYb2YMJ27bK8X/vH6B6f1wLnVeoNB8dSgtFEFDyqQkkVZwVDNPGLfSf0j4hFnG0fcR+uTRds5d0rltRrQZPVOowiVcwQ1EcAcP8AQtaAOHBD7gO3gN3oPPVUOVYF3VBWwg+PoDbXiF7Q==</latexit><latexit sha1_base64="1YnYuKfOHqBjkOrHz/bkTjFO0eE=">AAACCXicbVDLSgMxFL1TX7VWHd26CRahgpQZQXQjCG66rGAf0Cklk2ba0MwkJBmxDP0NN/6KGxFB9Av8G9MHYlsPBA7nXO7NOaHkTBvP+3Zya+sbm1v57cJOcXdv3z0oNrRIFaF1IrhQrRBryllC64YZTltSURyHnDbD4e3Ebz5QpZlI7s1I0k6M+wmLGMHGSl33oooCqVn58cycomvEUBZIrAzD/I8eCLsC/Rpm3HVLXsWbAq0Sf05KMEet634EPUHSmCaGcKx12/ek6WSThYTTcSFINZWYDHGfZtNQY3RipR6KhLIvMWiqLszhWOtRHNrJGJuBXvYm4n9eOzXRVSdjiUwNTcjsUJTaWAJNGkI9pigxfGQJJorZHyIywAoTY3ss2Oj+ctBV0jiv+F7Fv/MgD0dwDGXw4RJuoAo1qAOBZ3iFT/hynpwX521WUs6Zt3UIC3DefwAF0psP</latexit><latexit sha1_base64="1YnYuKfOHqBjkOrHz/bkTjFO0eE=">AAACCXicbVDLSgMxFL1TX7VWHd26CRahgpQZQXQjCG66rGAf0Cklk2ba0MwkJBmxDP0NN/6KGxFB9Av8G9MHYlsPBA7nXO7NOaHkTBvP+3Zya+sbm1v57cJOcXdv3z0oNrRIFaF1IrhQrRBryllC64YZTltSURyHnDbD4e3Ebz5QpZlI7s1I0k6M+wmLGMHGSl33oooCqVn58cycomvEUBZIrAzD/I8eCLsC/Rpm3HVLXsWbAq0Sf05KMEet634EPUHSmCaGcKx12/ek6WSThYTTcSFINZWYDHGfZtNQY3RipR6KhLIvMWiqLszhWOtRHNrJGJuBXvYm4n9eOzXRVSdjiUwNTcjsUJTaWAJNGkI9pigxfGQJJorZHyIywAoTY3ss2Oj+ctBV0jiv+F7Fv/MgD0dwDGXw4RJuoAo1qAOBZ3iFT/hynpwX521WUs6Zt3UIC3DefwAF0psP</latexit><latexit sha1_base64="PVwkrUDz9Zo75+v/5WAMf+FdtHc=">AAACFHicbVDNSgMxGMzWv1r/Vj16CRahgpRdQfQiFPTQYwXbCt1Ssmm2Dc3uhuRbsSx9DS++ihcRQRS8+zam7SK29YPAMDP5khlfCq7Bcb6t3NLyyupafr2wsbm1vWPv7jV0nCjK6jQWsbrziWaCR6wOHAS7k4qR0Bes6Q+uxnrzninN4+gWhpK1Q9KLeMApAUN17LMq9qTmpYcTOMaXmOPUk0QBJ+IP78VmBf4VYNSxi07ZmQxeBG4GiiibWsd+97oxTUIWARVE65brSGin44VUsFHBSzSThA5Ij6WTUCN8ZKguDmJlTgR4ws74SKj1MPSNMyTQ1/PamPxPayUQXLRTHskEWESnDwWJiRXjcUO4yxWjIIYGEKq4+SGmfaIIBdNjwUR354MugsZp2XXK7o1TrFxnJeTRATpEJeSic1RBVVRDdUTRE3pBH+jTerSerVfrbWrNWdmdfTQz1tcPu8icjA==</latexit><latexit sha1_base64="PVwkrUDz9Zo75+v/5WAMf+FdtHc=">AAACFHicbVDNSgMxGMzWv1r/Vj16CRahgpRdQfQiFPTQYwXbCt1Ssmm2Dc3uhuRbsSx9DS++ihcRQRS8+zam7SK29YPAMDP5khlfCq7Bcb6t3NLyyupafr2wsbm1vWPv7jV0nCjK6jQWsbrziWaCR6wOHAS7k4qR0Bes6Q+uxnrzninN4+gWhpK1Q9KLeMApAUN17LMq9qTmpYcTOMaXmOPUk0QBJ+IP78VmBf4VYNSxi07ZmQxeBG4GiiibWsd+97oxTUIWARVE65brSGin44VUsFHBSzSThA5Ij6WTUCN8ZKguDmJlTgR4ws74SKj1MPSNMyTQ1/PamPxPayUQXLRTHskEWESnDwWJiRXjcUO4yxWjIIYGEKq4+SGmfaIIBdNjwUR354MugsZp2XXK7o1TrFxnJeTRATpEJeSic1RBVVRDdUTRE3pBH+jTerSerVfrbWrNWdmdfTQz1tcPu8icjA==</latexit><latexit sha1_base64="6eB59sRXSdSh8ogrcrQ6AdL4x9o=">AAACFHicbVBLSwMxGMz6rPW16tFLsAgVpOwKPkCUgh56rGAf0C0lm2bb0OwmJFmxLv0bXjx69C94ERFEwbv/xvSB2NYPAsPM5EtmfMGo0o7zbc3Mzs0vLKaW0ssrq2vr9sZmWfFYYlLCnHFZ9ZEijEakpKlmpCokQaHPSMXvXPT1yg2RivLoWncFqYeoFdGAYqQN1bAPC9ATimZv9/UePIMUJp5AUlPE/vAeNyvgr6B7DTvj5JzBwGngjkAmf/pYOX86uis27HevyXEckkhjhpSquY7Q9aS/EDPSS3uxIgLhDmqRZBCqB3cN1YQBl+ZEGg7YMR8KleqGvnGGSLfVpNYn/9NqsQ5O6gmNRKxJhIcPBbGJxWG/IdikkmDNugYgLKn5IcRtJBHWpse0ie5OBp0G5YOc6+TcK9PBJRhOCmyDHZAFLjgGeVAARVACGDyAF/ABPq1769l6td6G1hlrdGcLjI319QO5EZ+a</latexit><latexit sha1_base64="6eB59sRXSdSh8ogrcrQ6AdL4x9o=">AAACFHicbVBLSwMxGMz6rPW16tFLsAgVpOwKPkCUgh56rGAf0C0lm2bb0OwmJFmxLv0bXjx69C94ERFEwbv/xvSB2NYPAsPM5EtmfMGo0o7zbc3Mzs0vLKaW0ssrq2vr9sZmWfFYYlLCnHFZ9ZEijEakpKlmpCokQaHPSMXvXPT1yg2RivLoWncFqYeoFdGAYqQN1bAPC9ATimZv9/UePIMUJp5AUlPE/vAeNyvgr6B7DTvj5JzBwGngjkAmf/pYOX86uis27HevyXEckkhjhpSquY7Q9aS/EDPSS3uxIgLhDmqRZBCqB3cN1YQBl+ZEGg7YMR8KleqGvnGGSLfVpNYn/9NqsQ5O6gmNRKxJhIcPBbGJxWG/IdikkmDNugYgLKn5IcRtJBHWpse0ie5OBp0G5YOc6+TcK9PBJRhOCmyDHZAFLjgGeVAARVACGDyAF/ABPq1769l6td6G1hlrdGcLjI319QO5EZ+a</latexit><latexit sha1_base64="6eB59sRXSdSh8ogrcrQ6AdL4x9o=">AAACFHicbVBLSwMxGMz6rPW16tFLsAgVpOwKPkCUgh56rGAf0C0lm2bb0OwmJFmxLv0bXjx69C94ERFEwbv/xvSB2NYPAsPM5EtmfMGo0o7zbc3Mzs0vLKaW0ssrq2vr9sZmWfFYYlLCnHFZ9ZEijEakpKlmpCokQaHPSMXvXPT1yg2RivLoWncFqYeoFdGAYqQN1bAPC9ATimZv9/UePIMUJp5AUlPE/vAeNyvgr6B7DTvj5JzBwGngjkAmf/pYOX86uis27HevyXEckkhjhpSquY7Q9aS/EDPSS3uxIgLhDmqRZBCqB3cN1YQBl+ZEGg7YMR8KleqGvnGGSLfVpNYn/9NqsQ5O6gmNRKxJhIcPBbGJxWG/IdikkmDNugYgLKn5IcRtJBHWpse0ie5OBp0G5YOc6+TcK9PBJRhOCmyDHZAFLjgGeVAARVACGDyAF/ABPq1769l6td6G1hlrdGcLjI319QO5EZ+a</latexit><latexit sha1_base64="6eB59sRXSdSh8ogrcrQ6AdL4x9o=">AAACFHicbVBLSwMxGMz6rPW16tFLsAgVpOwKPkCUgh56rGAf0C0lm2bb0OwmJFmxLv0bXjx69C94ERFEwbv/xvSB2NYPAsPM5EtmfMGo0o7zbc3Mzs0vLKaW0ssrq2vr9sZmWfFYYlLCnHFZ9ZEijEakpKlmpCokQaHPSMXvXPT1yg2RivLoWncFqYeoFdGAYqQN1bAPC9ATimZv9/UePIMUJp5AUlPE/vAeNyvgr6B7DTvj5JzBwGngjkAmf/pYOX86uis27HevyXEckkhjhpSquY7Q9aS/EDPSS3uxIgLhDmqRZBCqB3cN1YQBl+ZEGg7YMR8KleqGvnGGSLfVpNYn/9NqsQ5O6gmNRKxJhIcPBbGJxWG/IdikkmDNugYgLKn5IcRtJBHWpse0ie5OBp0G5YOc6+TcK9PBJRhOCmyDHZAFLjgGeVAARVACGDyAF/ABPq1769l6td6G1hlrdGcLjI319QO5EZ+a</latexit><latexit sha1_base64="PVwkrUDz9Zo75+v/5WAMf+FdtHc=">AAACFHicbVDNSgMxGMzWv1r/Vj16CRahgpRdQfQiFPTQYwXbCt1Ssmm2Dc3uhuRbsSx9DS++ihcRQRS8+zam7SK29YPAMDP5khlfCq7Bcb6t3NLyyupafr2wsbm1vWPv7jV0nCjK6jQWsbrziWaCR6wOHAS7k4qR0Bes6Q+uxnrzninN4+gWhpK1Q9KLeMApAUN17LMq9qTmpYcTOMaXmOPUk0QBJ+IP78VmBf4VYNSxi07ZmQxeBG4GiiibWsd+97oxTUIWARVE65brSGin44VUsFHBSzSThA5Ij6WTUCN8ZKguDmJlTgR4ws74SKj1MPSNMyTQ1/PamPxPayUQXLRTHskEWESnDwWJiRXjcUO4yxWjIIYGEKq4+SGmfaIIBdNjwUR354MugsZp2XXK7o1TrFxnJeTRATpEJeSic1RBVVRDdUTRE3pBH+jTerSerVfrbWrNWdmdfTQz1tcPu8icjA==</latexit>
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