Two-photon interaction with one Coulomb

Ladder diagram

Ingvar Lindgren 2004.09.02

The matrix element of the evolution operator for two-photon ladder with one Coulomb is
given by (leaving out the time integrals)
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The Coulomb interaction is instantaneous with ¢; = t5. Time integration then leads to
278 (eq + €p — w1 — wa; 2m0(wy — z — ws) and 270 (wa + 2 — wy). With E = €, + &3 this gives
the matrix element (1), leaving out the z,w integrals and the factor e?/4m
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Integrations yield
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We can define pair functions by
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(6) represents a pair function with an uncontracted photon (see Fig.)
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The coordinate representation of (7)
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satisfies the ordinary pair equation
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@ is the appropriate projection operator, in this case projecting out the positive-energy
states. This equation has two degrees of freedom (DF=2).



The coordinate representation of (6)
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This is a pair equation to be solved for each value of k, i.e., three degrees of freedom
(DF=3).
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Single virtual pair

Integrations yield
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where the pair function is quite analogous to (5)
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The pair function with an uncontracted photon (see Fig.) becomes
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is in the coordinate representation solution to
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Double virtual pairs
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The pair function with an uncontracted photon (see Fig.) becomes
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where p(r/,t, k) is the sing. part. function in (16) and p_, (t,u) is a standard pair function
with negative energy states
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Crossed diagram

The matrix element of the evolution operator for two-photon cross with one Coulomb is the

same as for ladder (1)
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E = g, + &3 this gives the matrix element (1), leaving out the z,w integrals and the factor
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This can be handled in he one-photon approach
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where the pair functions are analogous to the ladder case (5)
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The first pair function with an uncontracted photon becomes
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is a sing.part. function with negative output, in the coordinate representation solution to

[a — ho(x) — k] pa(@, k) = Q(alt)(t{Hi(k)]a) ~ DF=2

The coordinate representation of p_,, (1, u, k) is a solution to

[E — ho(x) — ho(y) — k‘] Pap1 (T, y, k) = Q(z"y[r'uw) (r'ull/ria|th) pa(t, k) DF=3

The second pair function with an uncontracted photon (24) becomes
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This represents a standard pair function for each negative orbital .

Double virtual pairs
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Integrations yield
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The pair function with an uncontracted photon (see Fig.) becomes
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where p(r',t, k) is the sing. part. function in (16) and p_, (¢, u) is a standard pair function
with negative energy states

—(tu) = (tu|l/ri2|ab)

Pap 1% (t+u—E)
in coordinate representation solution to equation

[ho(z) + ho(y) — E]pyy (,y) = Qayltu)(tull/riz|lab) ~ DF=2



