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Photon emission : ete--> tv
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We now consider an OCI correction to the process we studied last week
.
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Here
,

we are integrating over 3-body phase space, I
din = de Es EE (2)WG-s-prpul
where Q =

P,
+P2 .
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Let's put off actually calculating x"" for a bit and see what

the cross section looks like for a generic Final state .

By the ward identity
,

we know Qux = 0
.

After phase space integration,

X is a function
of Q only , and symmetric in new

(because (wis)
,

So Xu = (amar-Qym) XCQY
- ↑

only symmetric tensors
Scalar function

built out ofQ of -

In this Form
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,
so XIGY =- SGX
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Now
,
G = (p = 2 P, P2 (assuming me = 0)

,

and similarl
,

P, a = Pi(P +R) =

PiP2
= E =

Pr Q
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There is a nice way to interpret this result.

Let's write &
Or

- #x x )-Mn ,
where for

. The decay rate

Q

of a particle of mass m is given by = In SdI <IM .

So we can interpret the rate for etc- whil as the product

of the rate For etc
- -VB

,

a virtual photon of mass Q
,

times the decy rate of mat photon ,
Us -Mtrv

,
sured

ove polarizations of the final-state photon .

This is a special case

of the narrow-widt approximation ,
which is a general statement

-

about the factorization of Feynman diagrams trough an

intermediate state .
We will see this again when we study week interactions.

Let's parameteries the phase space of Ve -Mr using Mandelstar

Variables as S = (PsiPol =G(1 - xr)

t = (P3 +Pr = G
-

)1- x
,
)

u = (Pa + Pr)
= -(1 -xr)

From HW5, Siten
= <m = Q" ( you dered it forPtsPr,

but a similar result holds with appropriate minus siges For Q-+PotV)

=D xx,z
= 2

,

take X
= 2 x

,
x So x

,
and xn are independent .

Limits of integration :
t = 23 Pr

=

2Es Ev(1-costar) . Ani = 0 when Er= O;

trax= EyEr when Cost .

IF Er=O
, Iz = E = E ,

so trax=

IX
, minFO, X

, max
I

Jd= !'dx , j dxs I recall very similar form from Hwe)

Tr[smapsary- e Alter extra credit)

This dieges logaritanically ((Idx) at x
, x2

= 1
-



By the analysis above
,
X

,

= I corresponds to 2E
, Er(1-cosG)

=

0 .

I
This can happen either if Ev=0 (a t singularity), or Far=0

Ca collinear singularity) .

This behavior is generic in QFT
:

massless
-

particles prefer to be emitted with low energies and along the

directions of charsed particles .

If we pretend that he photon has a mass ur ,
and let = I ,

te limits of integration charge to S& T = Sas Ex d (8Hw)[x
,
-

Doing Pe integral, x,
**
dxr i = n+3m-s

-

double

logarithmi
from x

, adxy /or soft and collineal

However, these singularities are not physical / It turns out they
~

-

Cancel exactly against the interference terms from
-

in
=

Xmx + >ex

The result is 6 - For the finite pieces, so

Ventr= (8) =
xe

64π5

↑To 34
&

quantum correction to it indie
Otot= - -- =or(1 + 2)Q 64 production cross section (0 &r 1 photo
What this result tells us is hat etc-emtri with an arbiterly

low energy photon, or one emitted along one of the muon directions
,

is indiannishable from just I'm in the Final state
.

Charged particles are accompanied by closerphotons -



10LMore concrete interpretation an real experiment will have
a finite eary resolution Eres and angular resolution Fres -

Instead of

Cutting off the integral with er, use Eve
,

and Eres instead .

This is technically complicated, so we will justquote the answer !

o(ste -

- err)/EnLErs = (lue
,

[Iu(Ere
,

-1) - ... ]+--)
exclusive Cross
-

section (exactly / OvaL Gres

photon)
Focus on Inves If Q >> Eves

,

could be in a situation where

In (EEes)( ,
and peturbation theory breaks down .

Solution
:

Consider ete
-

m+n+ NV,

ad don't restrict to a

fixed number of photons .

This is no conser at a fixed order in

the coupling e,
but corresponds better to the physical situation where

distinguishing 2 vs.
3 vs-

↑ very Cow-energy photons isn't possible
in practice . Inclusive cross sections ofte have better convergence properties.

* Hw: emission of photon from initial state .

Lessons From this weele :
-

· QFT gives infinities when you ask
it dumb Canphysicall

questions. By relating amplitudes to a physically measurable

quantity, we always get finite results
.

· Singularities tend to appear beyond the lowest-orde diagrams
.

Resolving ten my require summing over several amplitudes

cohrently .

·Not all Loop diagan, suffer from his complication :

electron magnetic moment is one example .


