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In real time, a transient po
heavy particle does not recoil, i

exponential of closed loop co

o =:y
In Born approximdtion \
S
e t

C(t) = UZJ dt dT goolT - T) ool® - 1)

tial is-felt by the light particles. If the
ays at the origin 0, and G is just the
iQns

Since gaolt) ~ 1/1, C() ~ Log t, yielding the usual power law of G.
calculation beyond Born approximation does not change the physics.

Assume now that the particle recoils : Between its creation and
destruction ar r = 0, it wanders : G is a sum over histories of the heavy
particles

Gt) = 2, Glx(t) . t] .
r(t)

For a given history, the light gas is subject to a transient time dependent
potential (monitored by the position r). The closed loop decoupling
remains valid, and

G[r(t), t] =exp [ Cl{r(t),

\ Clr(t), t] = J dtdt' Ulg [r() - r(t), 1- ']

[+]

g(r(t) - r(1), T - 1]

The only difference is the presence of non local propagators g (still
within Born approximation). Of course, the calculation must be done
for each history r(t), and the hard step is the sum over paths, which I
cannot carry exactly (cf. Anderson-Yuval in the Kondo problem !}.

The only ingredient is the non local g.



g[pft] = deEk eiEkTei-E-E .

One can easily find an explicit expression, but I will focus on the limit

T>> p/vp where v is the light particle Fermi velocity. That certainly
holds if d is "heavy”. It seems to me that even with equal masses, long

time diffusion like motion will always generate a recoil p << vg T. Then
the integral over | k| is dominated by the time phase {easy to check).

glp1)=-11 < elke-p >

where the average is over the Fermi surface (angular average). If p =0
(no recoil), you recover the usual result.

The effect of dimensionality is then straightforward

sin kpp fd=13

kgp
) < elkF P > = Jolkep) cf d=2
cos kgp of d=1

The closed loop contribution involves the square of that angular
average, hence an extra factor in C.

For a non localized particle the recoil p diverges when t goes to oo (I
2“-/’-\ suspect that p~t1/2, diffusive like, but I am not sure}. When d = 1, the

average <cos? kp(p)> = 1/2 : the 1/12 behaviour remains upon

VA wald averaging (althoug IINGNGNESIRIMM The infrared catastrophy is still
L there, despite recoil. That is consistent with standard wisdom.
I AN D o

When d = 2 or 3, however, the extra factor goes to zero when p — oo,

- .
L, !}1 respectively as 1/p and 1/p2. Hence the closed loop contribution is no
longer logarithmically divergent

t
C~| drdr 12
(Ac . Tr) p'lrlt'

s )

(n =1, 2). I cannot carry an exact calculation further, since it involves
the summation over paths. But it seems clear that C is finite. If this is
so, there is no infrared catastrophy.

- 36 -
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