EW Lagrangian
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Bostjan
Typewriter
EW Lagrangian

Bostjan
Typewriter
left- and right-handed component of fermionic field


o disregarding interactions the Lagrangian can be written as
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Bostjan
Typewriter
disregarding interactions the Lagrangian can be written as 

Bostjan
Typewriter
L is written in a form to be invariant under SU(2) rotation in the (e_L, nu_L) space 
(weak isospin space)

Bostjan
Typewriter
L needs to be made invariant to local transformation U(x)

Bostjan
Typewriter
similarly as with EM interaction 
the L can be made invariant to U(x) 
by introducing vector potentials (three = 
same as the number of SU(2) 
generators); corresponding 
fields are denoted 
by ..................................................................................................
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Bostjan
Typewriter
fields are combined into Hermitian 2x2 matrix with trace =0

Bostjan
Typewriter
Field tensior is defined as 

Bostjan
Typewriter
where 

Bostjan
Typewriter
are the structure constants of SU(2)

Bostjan
Typewriter
is the gauge coupling constant

Bostjan
Typewriter
L(x) is invariant to
transformations of
the form:
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Bostjan
Typewriter
One defines:

Bostjan
Typewriter
part of L(x) providing for couplings between W_lambda^i and fermions is

Bostjan
Typewriter
Field W_mu^- (W_mu^+) 
anihilates W- (W+) and creates W+ (W-). 

Bostjan
Typewriter
e nu coupling already has the gamma^mu (1-gamma^5) form
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Bostjan
Typewriter
This L does not provide for W masses. It also doesn't include EM interaction. W_mu^3 couples 
to nu_L and e_L and is hence not the photon field. 

Bostjan
Typewriter
EM Lagrangian

Bostjan
Typewriter
in order to include the EM interaction 
we make the L invariant to two U(1) 
transformations: 

Bostjan
Typewriter
In order to make L gauge invariant we would need to introduce two new 
fileds, however, we only need one (photon). 


Hence we make L invariant only to a special combination of the two transformations:
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Bostjan
Typewriter
Hence we make L invariant only to a special combination of the two transformations:










y_L and y_R are constants to be determined later. 

Bostjan
Typewriter
Correpsonding 
generator for such 
a group of 
transformations is 
called the weak 
hypercharge Y. 

Bostjan
Typewriter
to make L locally invariant we introduce a new field, B_mu, with gauge coupling g'
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Bostjan
Typewriter
(this is 3x3 matrix!)

Bostjan
Typewriter
T_a and Y matrices form a representation of 
SU(2) x U(1) group

Bostjan
Typewriter
couplings from such Lagrangian: 


rearrangements of W_lambda”3 and B_lambda terms in order to obtain
— . ,————the EM interaction:
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Bostjan
Typewriter
rearrangements of W_lambda^3 and B_lambda terms in order to obtain 
the EM interaction: 

Bostjan
Typewriter
we can choose y_L freely since it always enters together with g'

Bostjan
Typewriter
since nu's are chargless we can assume that Z_lambda is not a photon


one defines the weak mixing angle:
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Bostjan
Typewriter
one defines the weak mixing angle: 
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Bostjan
Typewriter
if we compare the above form with 

Bostjan
Typewriter
we see that by choosing 

Bostjan
Typewriter
from the terms with A_lambda we obtain the EM Lagrangian

Bostjan
Typewriter
Hence we got the photon filed and an additional 
neutral filed Z. However, there are still no W mass terms. 

Bostjan
Typewriter
For this additional scalar field (Higgs) needs to be added

Bostjan
Typewriter
two complex scalar fields 
which form a weak isospin doublet

Bostjan
Typewriter
Lagrangian for this field which is invariant to SU(2) transformation is 


R Y O WY T

VIR Y ;/%/ et ;éc

T thisis-seleeted-in-order.to obtain the e

spontaneous syetry breaking k-«« § / T '%” ‘"“"’ﬁ:f"v—u /ﬁu—rczitq
Wm_iﬁ‘m_ S Tl é::.&v—ﬁ_/n-. ( L .
/d&/ég ) i 3 e

B .k,ﬁ__Ah__w_&;_’_&m_‘ff"” s N PR ﬁa /
_J_.._.._,___.m____,___ Ol e‘éV?lebCD = obaey Lo o o a,(

CP—L 4 Adiga_ n |' ;_.éf% £ > 7 i 7 e
o aE ,z_,,, -
— “&’"&\‘ 7—7;(_::1 Z'%‘;&;\--}j— — vm-——{ﬁn_y S e gf_j “%_% Z( &’TM O'éﬂf"‘ SV é,

:' = ' r/n e — ——— e e e et e e — =
- — — S— ...,fr‘.._. e i i 2 : b

g _:)-(,7/} st e W <
R ‘gT“nﬂe Ix TL‘_",,_._‘,,_m_.,,_,m.___.uTw,, ssadll Q{i@ -

V(phi) has a minimum at
e ST -/m,»m i Bt o D) Ef f -m

Tt _“_w“e(b‘.m_._.,"_s{é%_"-ﬂ:c.a_‘h w,?_‘gf’}‘ T A US=p] Z{ Sy
f?“wyé/:’r ...%wﬂ pu/u‘%;{.a_ /‘/*afrézwt W%/vxc«&_;
r‘ﬂr;}gu o, f‘—yw}é}/&q # Zr %_ e QZLM‘;;MU { /

efle d‘"’whlle the

{7(,;/6“& i this is only a condition for the magnitude of t
m—ﬁ“‘_:ffafércmﬁ}hg__ _orientation in the i |sosp|n space not yet determined. Hence we can write
TS —— SR ER ey -

s b = : =
. vec{phi}is an arbitrary vector in isospin space (this is spontan ouﬁs éynﬁf‘fgtry rez;Izrﬁé while L_ Sphiis - el ]
~invariant to SU(2) transformation; the-individual.

Y il TN e . G

Lo Loeelle Lo

~are not).” e .~



Bostjan
Typewriter
this is selected in order to obtain the 
spontaneous symmetry breaking

Bostjan
Typewriter
we define

Bostjan
Typewriter
V(phi) has a minimum at 

Bostjan
Typewriter
this is only a condition for the magnitude of the field, while the 
orientation in the isospin space not yet determined. Hence we can write  

Bostjan
Typewriter
vec{phi} is an arbitrary vector in isospin space (this is spontaneous symmetry breaking: while L_phi is 
invariant to SU(2) transformation, the individual 
eigenstates, like 
for example ...........
 
 
 
 
 
 
 
 
..........................................................                                      are not). 
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Bostjan
Typewriter
we try to write interaction among Higgs, fermions and bosons; it has to be SU(2) x U(1) invariant

Bostjan
Typewriter
if y_H = y_L - y_R
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Bostjan
Typewriter
such L is invariant to SU(2) x U(1) transfrom. of the form


el Q?’ 3 f_’f{'_‘__ k% /9 X(%}

s Ny h P L€ TR ot R Gl | g

__we can always find a SU(2) transform which: @ )

Y] pw )

W00 A PN PR VIR
""""""" S gpore gl Ml

hence we can always require the nggs fleld e of the form:

g e AN o I

I e ?%5 ey WJ«A%%_";;;E— —_—

vacuum expectation value



Bostjan
Typewriter
we can always find a SU(2) transform. which: 

Bostjan
Typewriter
hence we can always require the Higgs field to be of the form: 

Bostjan
Typewriter
vacuum expectation value
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Bostjan
Typewriter
we introduce a new field: 

Bostjan
Typewriter
with expectation value 

Bostjan
Typewriter
this enables a perturbative calculations

Bostjan
Typewriter
EW Lagrangian

Bostjan
Typewriter
this should be written out, B_lambda and W_lambda^3 
replaced by A_lambda and Z_lambda, and also 
Phi should be written out


Bostjan
Typewriter
looking only at the terms 
for free electrons: 
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Bostjan
Typewriter
c_e always appears together with e_R; 




since we have invarinace to 
transformations 





we can always multiply c_e by 
.................

meaning that we can choose c_e real. 
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Bostjan
Typewriter
Lagrangian from which using the Euler-Lagrange equations 
we get the Dirac equation for the free electron: 




hence 


e TR S S|m|Iar could be done for Z_lambda and W_lambda

- Jgﬁg L Ll il v

= SRR s —i_ SRR N2 N .. ( € Qf{’. ‘g d% ?5— —_—
R N R ——— N =2 5o LA b Y 4.. M({ + ’; w/ ,{ 3 ey

vsf:iff;;:~fy¢0%7

2452%2 )zt gy i N g ¢ /fg:;) w0 )4

- SR __r.\___{"r fO) W V{/ j__fé_e__g_[f"'fo

- S REERERD 'y _Ej S [ G

. 5 943w (e )y _._fj_ o %Lﬁz_mgﬁsm

o e SRS

LJ A "t e lﬁo\ {WUJ‘LM 5 07 570 DLO o(tn —b\_ :BC
4’“%‘#0‘: ‘% ( ALy .-,AJ'{_ E ) Rk L;v' AS7 .;L."E-E.ic','

S ———————



Bostjan
Typewriter
similar could be done for Z_lambda and W_lambda


if we would now take into account also the kinetic terms with W_lambda and Z_ Iambda
- Wwe would-obtain-the Lagrangian-from-which-the Klein-Gorden O LN
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Bostjan
Typewriter
if we would now take into account also the kinetic terms with W_lambda and Z_lambda
we would obtain the Lagrangian from which the Klein-Gordon equation 
can be obtained.
From this we would be able to read:.......................
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free parameters of the model: 


Extension to other fermions
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Bostjan
Typewriter
Extension to other fermions
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CKM matrix
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