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Atomic Many-Electron Processes

Hamiltonian = K.E. + Nuclear Attraction + Coulomb Repulsion
Schrdédinger Equation =» Wavefunction
Wavefunction =» Any atomic property

importance
Experimental difficulties =>=»  Dependence on theoretical study



Need For accurate wave length
,energy value and f- value

Reliable line identification
Finding unknown energy levels

Forbidden transitions are important in
nebular and Circumstellar and SN studies.

Calculation in the search of electron’s EDM
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Wolf-Rayet Star
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Froune L. 850 2000 & channel, Spectea of y* Vel (WCR <08 1), May 1972, an 00,5 1 star ({ Ori) and resulting
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Radiative Transition Selection Rule

Transition | Parity

El(allowed) |Yes - 0
M1(Forbidd |No 0,1 0
en)

E2(Foridden |No 0, ,£1 0

) £2




Eorassions of Trensition

zirrloliiticles

Transition probability

Using 3-j symbol

Oscillator Strength



Hamiltonian of Electronic system

One-Body Part
(K.E. Of Electrons, Two-Body Part
Nucl. Attraction

(Repulsions
D|rac-F_o.ck_ApprOX|mat|on Correlation
(Relativistic form of HF)
' Perturl_l)ative Non-Perturbative
—
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Have to Go beyond Hartree-Fock

DF Potential



Developement & calculation using Coupled Cluster Method

@ core

» ab initio, highly correlated MB method Phys. Today, April 1997, July 2001, June 2003
: Highly accurate calculations for BEC, Parity
Non-Conservation in atom, EDM of electron

massively parallelized relativistic CC code



Wy = e |Po),

Vwwhere, S — S71 + S>> + ---.

Schodinger Equation -

H W) — FE|W) = T e°|dPg) Fe|dPbg)

HDefine Normal Order Hamiiltonianrn -

H = H — (Do | H|Po) =— H — FErp
eS| |adg) — (F — Epp)e|do) = Feorre™ | Pg
<¢D|€_Sges|cbo> = Fleora
(DPEle T He“|dp) = O
CCSDPD approximation: S — S + S>> —>
A+ B(S)-S =— O
where A — (<bX| I |<bg).

Since, B(S) depends on Cluster amplitudes,
— Solve Self-consistent/y.
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Energy values are in excellent agreement with that
of NIST value.

(In cm?)
State NIST MCHF RCC
3d;,, 382.1 790.1 418.02
4p, 127921.36 [124749.38 |127689.51
4p;,, 128739.59 |125539.49 |128534.43
5P,/ 230608.89 |228714.51 [231061.48




Results

Excitation Energies
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