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Weak Interactions
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CHARGEDWEAR INTERACTION

· Mediated by NI boson
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we can neglectneutrino oscillations (for now)
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· For quark interaction vertices, is. Bever
we must include a CRMmatrix

elementvertexfactor.
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Sw is vertexfactor

Inverse Moon Decay "luvra moon decay"

· Assume qMwic;consider arm--Mire process
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Amplitude is (use reduced propuyutar)
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After averaging overinitial/final spins, we find

Defi =2 (i)"(P.P2) (Ps. Pul



which in the COM frum (neglecting electron mass)

Det =sli)"(1- IE

Using = ()"ti !- (1-Y

= ](-(4
impling a=a =xi (t*](1-(4"

The moon decay process is similar, ·W- eS

Moment of final state particles >Py

are no longer fixed, so integrals are
pin re

no longer trivial ...

x =(mgmyw = r =t...



Fermion Chirality

· Projectspinors along helicity axes

e,(P) =2(1-25) U(p) (not a helicity eigenstate)

V2(P) ==(1 +25)V(P)

and the corresponding right-handed spiners are

UR(P) ==(1+27 up(P)
PL/R =[(1=25)

projection operator;
VR(p) = = (1-25 UmCP). Pum":Pun ...

The adjointchiral spinos are easily defined, i,m(P)=F is

->Far charged weak currentinteractions, I rea

the contribution to the amplitude fi Sw
from a leptonic vertexis them

ji =zum (l-r)e4neutrino/electron
Spinors

= (H2) Vm(l-rife
aby projection principle..

= Vn2

which isnow a purely vectorial index! Good.



We also have the opposite combination, We
e-

S 4

It=Enra... 3w-

Notice that any opposite - handed spirit combination vanishes

sincePcPr =

0; ERUnC =IVPRR2 =0.

Define the electromagnetic "current" as

ecesstoshow that

ja -eraen-prem UR +2=2

miny sign conventional,

represents electron charge...

Hence

ji=F,erec
charged weak currents

ju =es In U I
jew -- enrees- eprem] neutral EM current



Form Factors

Later ...



NEUTRAL WEAK INTERACTIONS

Recall: isospin x, =(0) =(p> (up)

x2 =(i) =(n) clown)

operator E =0, +az +I es

with eigenstates II,and cigenvalues of th=

Iospin raising/lowering operators 1: t, Iitz.

Identical lie algebra to that of spirit.

Weak currents:charged

We now can introduce lepton "doublets"x =(re),
so that jt: EcVax*x: We deem this

"Weak-isospin"
instead of justisospin
to describe leptonic doublets.

Neutral Weak Currents:

We anticipate a full weak-isospin symmetry, which would imply

the existence of a third "current" corresponding to it,

j=FirX =rr - Leimen



e=0,2,which would correspond to a neutral current.
Suc. ..., (iii)(:)

(Essentially, these are vertexfactors ... which are scalars:in full

contributions;notsure why we call them "currents")
(their componentsare scale;they're really 4-ractors)

Define now the "weak-hypercharge" current jm =2j-2I,
-...

I=-2 Erre- eifren - EinUn
&=Iz +IY...

which is invariant under the weak-isospin transformation

er -> eR

22 Un

rc -> e

which is good, because we can now express our

currents for any weak-bospin doublet X2: Weak-isospin

xlet. (), IE), (t, (si), (?). (.*
where the weak currents can be constructed as follows:

ju= EcYnX-

= 2 jem-2j



Hypercharge is then given by Y=20-2Is, which for leptons/

quarks is

Metz - (2):(i)

la)ii)- (i)I

GSW Model for Electroweak Mixing
-> The 3 weak-isospin currents couple with strength you to a weak

iso-triplet of vector bosons I while the weak hypercharge current

couples with strength g to an iso-singlet vector boson B.

- : (Iwjntm+'jB

jntr=jaw +j wh+ jee

=Jutate jaw jaw(*)
charged Ineutral

where Wit=I (W =W).



What's interesting now is thatthe couplings to we can

be read off immediately by the coefficients above in (*.

ie. In e-Ve+W, we couple to it, so

-ign'jwir -- is(ern(1-25e]w
which has vertexfactor-inVr(l-ri)
as before.

In the GSw model, the W and is components mix toproducen
(neutral!)

one massless combination Al (the photon) and one orthogonal massive

combination [the Z0):

An=Bu COSEr +WiSinow W: Zucostn+AnSinOw

Zu = - BusinOw + WI coson Bu = -zuSiNEw+AnCOSOr

En:weak mixing angle

which theyields

-(Injuwm+Ij3r)=-i((Insinonj?+I'cosows") Ar
+(Incosonj -sinowj"] zr)

The connection between EM and weak couplings is that we



know the EM coupling to be the EM current coupled to the

photon field,
- ige jet tr

with jem=jn+ In, which implies that

InCOSOw=g'COSEr =gn

That is, the weak and electromagnetic coupling constants

are not independent!

-> Note thatfor the Z boson (see above ey):

gucosos ju-Isinow]=Incosonj-Isinew (2jm-29)
-(IacosEw+g'sintw)j-gsinon jum

=(lecosion
+gesinzon)j-(in) jeSin Qm costu

=Iz (ju-sink en je)

where Iz=sincecostu
hence implying that

- igz(j - SinEwj)z



is the coupling term, but what's the vertex factor?

We can simply just read offthe couplings.

Very straightforward for neutrinos, ie.

V -> V+20 B:

jm =kerne
so-igz/j-sinzowjen)z--igz(wert(-r)r)z

with vertexfactor -irr(2-i


