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- The general sitvation that we shall describe, and of which collision and

- decay processes are just two particular cases, is the change in time of a

.....:o:ﬂn:o:u_.w state W(r). We shall use the basic assumptions of quantum

- mechanics, in particular the axjom V. We shall make the further simplifying

- assumption that the generator of lime translation can be split into two
parts:

H=K +v, (L1)

. Wwhere K isthe cnergy operator of the isolated physicai system with stationary

...w.ﬂmam and is assumed to be well defined. This means that it is assumed to
" ‘make sense lo consider an approximate description of the physical system
,.4._.5‘ a stationary physical system. There are many examples for which this is
i Hn._owm_.za. Thus K may be the encrgy operator of an atom or of a molecule.
~ In the approximate description the states belonging to an energy _.n<n_ are

h.mﬁ.mmonmg but in reality they are only quasistationary and decay into the
2] 1S transition is then caused by V = i — K. Another example

Il they are far apart, the energy operator of the combined system
and V=H — K, which describes the interaction between the two
ubsystems, has a finite range.!

- The observables that are measured in these processes are assumed to
| commute with the aperator K. For example, a detector may register all the
round states of atoms that were initially in excited states {by registering,
: for. example, all emitted light of a particular frequency). The observable
| |measured is thus the projection operator on that subspace of the space of
ical states which contains the ground states of the atoms, i.e., the ob-

is the property of being in the atomic ground state (cf,

the operator K. The property B measured by the detector is

Ojectton operator Ag, which Projecis onte a (in general

Irect sum of cnergy eigenspaces of X. Usually B is a more

~i< property. For example, the detectors may not be placed all around
\erget, but only at a particular angle. Ay is then the prajection operator
. icular subspace of the above direct sum of energy subspaces that

”,..du..:m the problem that we shall discuss (in the Schrédinger picture) is the
{ollow ng: The state W(r) changes in time according to

S\S =e ..:..._.S\NI_S.... ﬁ:\.ﬂ _\—\BB Q.Nu

It should be Temarked that the assumption (1.1) 1s not really necessary for the n_nmn.._._u:.aa
‘collision Processes; it suffices to assume only that asymptotic direct-product states do exist,
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::Ern_.m;:ar Smﬂ_.nnE::o:..n_..iﬁ_.:m_ quantum numbers y;
consist of the direction P/Ip| of the momentum plogether with other ur
numbers #, If the operators 4; (i=1,2,. .. » k) all commute with H, then I
IE,4*) are generalized eigenvectors of the csco. {H, 4,,..., 4,); oth o
wise the additional labels & just serve to indicate tha: |E, 8%y is obtai
from |E,a) by wa y of the h..%z_n:z:.w%i:hmw equation, and do not mam_..wnw -
that |E,a*Yisan cigenvector of ali the A’s (for more details of SectionXV.11.

We shall assume that the K cigenvectors |a) are normalized unno_d_._._..m. ta'
ala’y = CE,81E, &) = p(E)~'s,,.5(E, — E,). (2.9a)

[p(E.) is a weight function that is arbitrary but fixed?
for p(E,) will be made later.] With such a normali
Y.is really an abbreviation for the more explicit

+ @ convenient choice!
zation the summation|

%= [oEae,y, 2:19)"

The generalized eigenvectors la*> of H have the same normalization

¥y = CEa*|E 0%y = pe )16, 80k, E)  (290)
T
as the corresponding generalized eigenvectors |a) of K. The derivation oft
(2.9b} from {2.9a) is given in Appendix XV.A. .
In general the spectrum of K and the Specttum of H are not the sam
Usually K has only a continuous spectrum {E,} starting at a part
value, say E = 0, and going to infinity, But the spectrum {E.} of H is'th
combination of a continuous spectrum {E_}, which is vsually the same
the continuous Spectrum of K, and a discrete spectrum {E, }, which may, b
negative but is bounded from below. Physically the continuous spectrun
corresponds 1o the scattering states and the discrete spectrum to the bo 1

continuous spectrum, but for physical reasons the energy eigenvalues/can

not be arbitrarily large—in particular, not arbitrarily large and negative, We
may thus choose the generalized eigenvectors of K:

(la = |E,a)}
as a basis for the space of physical states, or we may choose the set
{led} = {lat) = |E,a%3) o {la,)}

of discrete eigenvectors la,> and generalized eigenvectors (a*) of H as|
basis. The completencss Property of these bases may be expressed as

1= Tlax<al = [o(e) ETIEDEN @l

Y1 is for the generalized energy cigenvectogs 1EY what p(x)-?

is for the generalized &
vectors |x), in (1.4.14) and (1.4.7,}.



