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MOTIVATION FEYNMAN PATH INTEGRALS

Electronic structure is the key issue behind materials Feynman path integrals (Pl) provide an alternative
properties, those of atoms, molecules and solids, in all approach to quantum theory, and also, derivation of
phases. The conventional approaches target on finding Schrodinger equation [1]. Furthermore, with the PI the
either the wave function or the density of the many- time evolution of the wave function or the density matrix
electron system. Both of these approaches have their can be simulated [1,2], and also, stationary eigenstates
pros and cons, and consequently, somewhat different and energies can be found.
subfields of applications. Path integral approaches heal the before mentioned
The conventional approaches suffer from laborious or deficiencies of conventional ab initio methods.
insufficient description of many-body effects, they
are restricted to zero-Kelvin temperature, and also, Below, playing with the real and imaginary time, like:
restricted to Born—-Oppenheimer approximation. O iy a 1
—Hip(z,7) = w(x d T H(a,t) = w( )
PATH INTEGRALS IN IMAGINARY AND REAL TIME
Y(x, ) = /G(:B,T;xa,Ta)w(xa,Ta)dxa: PIMC Y(x,t) /K T, Lo, Ta) (X0, te)day
zDMC pl) = / exp(—510, ) D(r): RTPI tDMC
G — Gdlff GB , : uperiodu /B =Ty — T, = : K eXp ZS DCE( ) > K — C eXp(’L¢)
Gair = Cy exp(—Az®/27) k / o
— [/ I : ‘/EGJ £z xr .

Gp = Cz exp|—(V — Er)T] | Quantum statistical physics b ‘s Complex function!
Everywhere real and positive! | at finite temperature T > 0, The first real time path integral ~ Novel "real time
Thus, probability interpretation , .e. NVT ensemble ~approach to find the wave diffusion Monte

and “simulation of diffusion” | Free energy minimum! function of electrons Carlo” approach
This is the conventional Diffusion 1 Most recently, static and dynamic These approaches simulate coherent time evolution in
Monte Carlo (DMC). . electric multipole . real time or stationary eigenstates from incoherent

"Ground State of the Electron Gas” by (hyper)polarizabilities including: time e_volution. This might also lead to practical

Ceperley D.M. and Alder B.J., " rovibrational effects, and also, solutions to the _

Phys. Rev. Lett. 45, 566-569 (1980) 1 van der Waals coefficients ~ fermion sign problem,  Everything, Everywhere,
leading to LDA parametrizations . have been evaluated [4 i-iv]. see reference 5. All at Once and All the Time!

o | Teze [RTPI 1o0rr QUANTUM DYNAMICS EIGENSTATES
et DYNAMICS R‘}%I, tDMC tDMC RTPI, tDMC Ca""aan’:“e“

e “uio7] Coherentdyamics: " Incoherent dyamics:

RO Rl IR T MOLDY The modulus "vector” Aoz ;Fhe rot”a.ting modulus
wote o | powtratonst | | rotates on complex plane Ep(z) = —— vector” Is projected

——— with increasing phase t stepwise onto the real

reg | Molecular DOMC ‘:"'mm:" leading to the dynamics Rf axis finally leading to
—— DMC:MC ; : . of the wave function. _\:A¢(QZ) ' the real wave function of

one of the eigenstates.
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For more references see http://www.tut.fi/semiphys/ or pick up the ones you want from http://iki.fi/trantala/paths or request from Tapio.T.Rantala@iki.fi
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