Introduction to Feynamn Diagrams

In order to construct Feynman Diagrams, one must know the elementary pro-
cesses of each dynamical theory (QED, QCD and QFD).
Any combination of those represent possible reactions. The converse is also

true. | correct?

We’re only interested in first order diagrams (no glueballs).

QED

The elementary process is described by the following Feynman Diagram:*

Figure 1: QED general primitive vertex

With @ any charged fermion (it must be charged, otherwise it won’t interact
through the EM force). Thus, a can be any quark, charged lepton (no neutrinos

allowed), charged baryon or meson. ‘Are there others?

Notice that the fermion coming out of the vertex is identical to the one
coming in (both are “a”). If an up-quark comes in, an up-quark comes out, for
instance.

All possible QED processes are combinations of variants of vertexes of this
type. Conversely, all combinations of variants of vertexes of this type represent
possible QED processes. By variants, I mean rotations of these vertexes.

‘Are there variants other than rotations?

Notice that, if you rotate 1 by 180 degrees, the fermion arrows will point
backwards in time. when this happens, you must replace your fermion by
its anti-particle. For instance, if @ was initially an electron, it will now be
a positron.

LAll diagrams will have time flowing from left to right.



QCD

In this case, only particles with color can interact. Only quarks have color, thus
only quarks can interact through the strong force. The elementary vertex is:

Figure 2: QCD general primitive vertex

Notice that the quarks entering and leaving the vertex are identical flavor-
wise. If a down-quark enters, a down quark leaves. However, they may have
different color. Color is conserved at each vertex, but the gluon carries two color
charges, and so it is possible for the colors of the quarks to differ. For example,
you can have a red strange quark s(r) coming in and a blue strange quark s(b)
coming out. In this case, the gluon will be blue and anti-red: g = g(b,7). Notice
that the net color is blue both before and after the vertex.

Just like in QED, all possible QCD processes are combinations of variants
of vertexes of this type. Conversely, all combinations of variants of vertexes of
this type represent possible QCD processes.

QFD

The weak force acts on everything with flavor (hence the name quantum flavor
dynamics). We thus have two types of interactions: lepton-lepton and quark-
quark (note that we can’t have vertexes of the type lepton-quark, since the
lepton numbers must be conserved in any vertex).

Leptons

There are charged and neutral interactions, mediated by the bosons W™ (or
W) and Z°, respectively.



Charged interaction

If we have a non-neutrino lepton (charge -1) entering a vertex of a charged
interaction, the only way to have both the lepton number and charge conserved
is to have the negatively charged boson W~ as the mediator and to have the
neutrino which corresponds to our lepton leaving the vertex.
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Figure 3: QFD negatively charged lepton-lepton primitive vertex

If we have a non-anti-neutrino anti-lepton (charge +1) entering a vertex of
a charged interaction, the only way to have both the lepton number and charge
conserved is to have the positively charged boson W™ as the mediator and to
have the anti-neutrino which corresponds to our anti-lepton leaving the vertex.
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Figure 4: QFD positively charged lepton-lepton primitive vertex



Neutral interaction

If we have a non-neutrino lepton (charge -1) entering a vertex of a meutral
interaction (mediated by the boson Z7), the only way to have both the lepton
number and charge conserved is to have an identical lepton (i.e. same flavor)
leaving the vertex.
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Figure 5: QFD neutral lepton-lepton primitive vertex

Quarks

The flavor can change in weak processes! Most probably, it changes without
changing the generation. In that case, the six quarks can be transformed in one
another in the following way:

u < d
c & s
t < b

However, these are not the only options. In general, we have (we may see
this as an experimental fact):

u < d
< 8 (1)
N

with



d/ Vud Vus Vub d
"= Vea Ves Va s (2)
v Via Vis Vi b

V]

The matrix above is called the Cabbibo-Kobayashi-Maskawa matrix Vog .

The diagonal elements of this matrix have (experimentally obtained) values
of about 0.970 to 0.999, while the others range from 0 to 0.25.

Hence, when we have an up-quark changing flavor, we get

u—d = Vygd~+ Vyss + Vb

and the probability of getting u — d is approximately |V,q|?> ~ 0.95 while
the probabilities of getting u — s and u — b are |V,|? ~ 0.04 and |V,,4]? ~ 0.01,
respectively.

That said, let’s look at the vertexes themselves.

Charged interaction

If we have a negatively charged quark (charge -1/3) entering a vertex of a
charged interaction, the only way to have both the lepton numbers (0) and
charge conserved is to have the negatively charged boson W~ as the mediator
and to have a positively charged quark (charge +2/3) leaving the vertex.
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Figure 6: QFD negatively charged quark-quark primitive vertex

If we have a positively charged quark (charge +2/3) entering a vertex of
a charged interaction, the only way to have both the lepton numbers (0) and
charge conserved is to have the positively charged boson W7 as the mediator
and to have a negatively charged quark (charge -1/3) leaving the vertex.
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Figure 7: QFD positively charged quark-quark primitive vertex

The interactions involving anti-quarks come naturally from variations of
these vertexes, just as in the lepton’s case.
In fact, this last vertex (7) is unnecessary. We can obtain it by rotating 6

by | 7??how can we obtain it from the other one???

Notice that these charged interactions can “change” a quark’s flavor from
one of the positively charged quarks to one of the negatively charged quarks, or
vice-versa, just like we described in 1 and 2.

Neutral interaction

If we have a quark (charge -1/3 or +2/3) entering a vertex of a neutral interac-
tion (mediated by the boson Z°), the only way to have both the lepton numbers
(0) and charge conserved is to have a quark with the same charge as our initial

quark coming out of the vertex. ‘This is not sufficient to forbid changes of flavor in neutral currents!! Why is i
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Figure 8: QFD neutral quark-quark primitive vertex

Note that the quarks coming ina nd out are indeed identical | Same question as before: why does this happen

Conserved quantities in vertexes

Charge, lepton numbers and the baryon number are conserved in all vertexes.
Energy and momentum, though conserved in all possible processes, need not be
conserved in all vertexes.

‘Is isospin, parity, charge conjugation and flavor conserved in QCD vertexes??




