
PHY49 WEEK 5:

Transition Probabilities
-

FERM's "Golden Rule" for transition probabilities:

· measure of the probability P((i)->1EL)

in an interaction.

W = *Al2Pf(E)
pr a density of final

Matrixelement States of energy

KilsIf>R E.

No further explaination given.

Interaction picture: H =H0+ Hint

↑
↑

coupled interaction
uncoupled term
Hamiltonian

with Him to (perturbation theory)

and gives rise to Wick's expansion/

Dyson Series.



conventional normalization:4 =I"14x-wtl;
IdEr **4 =1

[FROM 2403 Notes cause Miriam can'tteach]

· Put the system in box of volume V = L" and

enable interaction for a short time to

States are then normalized to (MK'=ficis

Dividing thisby 5 gives the transistion probability

per unittime, then we can take the T.V->

limit,

· Periodic boundary conditions, so allowed momenta are

1x =2UX. ky=My, k2=RUE

Then, since the Kiss are discrete, we sum:

q(x =2,(exe
as the field expansion.



Hence (in the nonrelativistic normalization) every time a

field acts to create/annihilate a particle, itbrings out

IiK.X

an additional factor of Fr

For Iinitial and of final particles over the volume U

and time I, we have

=(2N4yat(d eir-PI.x
-

InIr

vI Sl"(PF-PI)

Therefore

<Hs-11i?= it** (2i)4 84) (Pr-PE)an In

Since we can'tmeasure individual momenta values (they

don'tresolve into a single state), it is only possible to

measure all states about some finite region IR in

momentum space.

Itis clear that in a region 1Ky1Ky 1Kz, there are



41x1kz =xyz

States.

Taking JMxAKy 1Kz-> dip and having N particles

in the final state, there will be

aIzir). d
States, which must be summed over by p.

Thus the transition probability (isnow sensible because all

quantities are finital per unittime is

=I A (N1* Is"(Pr-pill. Itzwn Izair

The fee" function:is ita 8-function? int, over d give

5- function

jatp IS.=cits(ap(atfedSax eipx-ip.x
= (2i)48:(x-x)(acfae (axfaxeip.x-ip.x

↓
= dt(d 1

-4

diverges as V,T-> A:



v,/C2N4SCPl=VT(2H14g(P)

Hence I =lAfil VC2H)SLPFP.) as try is anti

Examine the

I =lttil vD is av 64P=-p.)
Stat. factor S

later...
ensures that

where D =(2n148" (PF-Pilatesatwa Emomentum
conserver-

FACTORS OF U MUST CANCEL IN ORDER FOR

THEVIT ->D TO BE SENSIBLE.

Golden Rule for decays:1- 2+3+4+...+N.

Transition probabilityis :1Aft etr, D. W, = E.

Factors of V have cancelled.

In particles rest frame, E, =w, -> m, and the differential

decay probability per unittime is

die=2m, ltfil" D.

The total decay istherefore R = ct.) (Afil D.

ALL FINAL
STATES



Observe that the decay with the largest energy release will

Proceed mostrapidly (? - Diamond'snotes)

-> Astatistical factors arises from combinatories

of States (in 1Afil?).

Golden Rule for Scattering:

do
der

:differential costsection.

->do-ifferentialprobabilitye
flux-l

-tiD.
-It i

Where is are the 3-velocities ofthe colliding particles.

Then, for mn -> 1+2+...+ w scattering,

Look atS-

do= wen rl IttilD -next page.

=>> o =iEnir) lAp). (2H*8M(P=-p.).T.zei
ALL FINAL
STATES



But where is the solid angle elementdue in the

integration? Arises from D and the number of final

States.

D for 2-body states:

D =AE, een (2H4CP. + Pr -in
a frame!

-d (2H8",-) (24) 6(E,+En-Exar)
,-- Pe implicitt

(2H (2π) 8LE,+Ez -Eto)ap,prizadanocan IG+E2-Eto) SCfIxEros
of the

convert 6-fet of E to8-fct of p, so we can

take outthe integral. To change variables from E.-P, we must

include a factor of (**2)). *EiEl.

=1 Eel
-Iti ENT= E, +Ez.

-
Stat. factor - accountfor degeneracy.

Thisimplies ↓ Phase factor

D =162 de



The statistical factor: here, we assume thatfinal state

particles are distinguishable -

(particle 1 of particle2).

IFmultiple identicle particles are created,

We must include a statistical factor for

each.

If U: particles of type i form post-

scatter, then we include the coefficient

Si(n) =it!

D for 3-body final states:

Derivation is straightforward and is the same as that of

the 2-body state.

We will find that

D =
2+sdE, dEz dr, dy,z

where the outgoing particle energies are Ei (2=1,2,31,

and we choose the independent variables (for integrations



to be E,Ez, G, 4,and 412
=the angle between

particles 1 and I post-scatter.

⑪In some cases, the amplitude (Afil" isindependent of

M, and 412, which will significantly reduce the

complexity of the problem.


