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1. Introduction to the LRM

The model has been constructed in 1973-1974,

Pati, Salam, Senjanovic, Mohapatra

��� �����	� 
 ��� �����
� 
 � �����
�����
gauge group

(i) restore lepton-quark symmetry to the weak interactions:

� �
� � �

� �
� � �

� �
� � �

� �
� �

(ii) Interpretation of the hypercharge as the difference of

the baryon and lepton numbers:

� � ��� � � ��� � � �  !�
" #� � " $�
" #� � " $�

� $
% & �'� � (*)

" #+ � " #,
- + � - ,.
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Deshpande, Gunion, Kayser, Olness, 1991
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invariant under the symmetry * , M * / L � M � � L J � 	 N
.
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The minimal Higgs sector consists of two triplets and one
bidoublet

* ,���/ 	 �� ���,���/	��
 � �����,���/��
,���/ � � �,���/ � 
 �
��

L

� 	 �� ��
 � � � ����



� 




�� �

with vacuum expectation values allowed for the neutral

particles � �� � � ��� $��� �
��� � ! " #%$'&)(*� +

� �� � � ��� $�,� �
-/. 0 " 0 #1$2&)(3� + 4 , + � 4 ,,4 +� � � �65 $ + � �4 ,� � � �65 $ , ��7
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� The result is 20 real scalar fields, of which 14 are physical

(the rest are Goldstone bosons):

– 4 neutral scalars:
� $$ � � $+ � � $, � � $� ,

(the first can be considered to be the light Higgs of the

SM at tree level),

– 2 neutral pseudo-scalars: � $ + � � $ , ,
– 2 charged scalars:

� #+ � � #, ,

– 2 doubly-charged scalars:
� # #+ � � # #, .

� see-saw mechanism for the generation of light neutrino
masses, with specific SB sectors. The neutrino mass
matrix

� � 	 �� � , ��� , ' � � �
	 � � 
 '� �� � / ��� /A'
��

with 
 � � 
 � � 
 �
.

� � � 
 �
� ��������� � 
 ,� � 
 �


 � � � � ����� � 0 % .  � �"! +$# � � 0 , if light

neutrino masses of the order of
! 7 �

eV.
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3. Assumptions

Tree level diagrams to the muon decay:

� exchanged
" + ,

� exchanged
" , ,

� exchanged charged Higgs particles.

We assume:

� no mixing in the charged gauge sector: 4 , � ! � � � !
,

� mixings among light and heavy neutrino states are

neglected

Effects of heavy neutrinos remain:

� - +�� ��� � , - ,�� ��� � (build up gauge-boson self energies);

� �� � � � �, : � �	� 
,�� 
	� �������� � ,

� �� � + � �+ :
� �	��� ���� � �

Nice feature: constraints on the heavy (right) sector come

directly from 1-loop level!
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� � 	 �� , , �������� ,
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�
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 �$
�
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To have neutrino mixings properly included:
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then: � , , � � /@/�L � , /�L � / ,
and

���

 � � � � , , � 
 � � E��� 
 � � 
� � !�� * � ' � !�# J
	 
 '

�

−0.005 −0.003 −0.001 0.001 0.003 0.005 0.007 0.009

 βζ2

0.03

0.032

0.034

0.036

0.038

0.04

 ∆r

with the very worst bound 	��
�
! , it gives J � ! 
 � � ��� � � �

without heavy neutrino mixing:

���


 � 	 � � , , � 
 # � � , / � 
 # � � / , � 
 # � � /@/ � 

	 � E��� 
 � � 
� L � !9� * / ' � !�# J 
 '

and
� � ��� � N N������
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3. Gauge Sector Renormalization
� The SSB leads to the following gauge-boson mass

matrices

� 
�
��

	 
 � � � 	 � 	 
� � 	 � 	 
 	 
 � # � � 
/
��
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�
���
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 � 
 	 
 � � �


 � 
 	 
 � N
� �

 � 
 	 
 � �


 � 
 �
	 
 � # � � 
/ ' � � � ��� � 
/N � � � � � � 
/ � � � 
 � 
/
�
���

� The diagonalization introduces various mixing angles. It is

possible to write the respective matrices as

�� 
��	
 ��

��� �� 
������ �������

� ������� 
������ 
� �� 
 ��
 �� 
���
���� 
! 	
  �"


$##� � ���� % 
 % % 
 & & 

� & 
 &(' % � % ' & � & 
 &�' &*) % ' % % 
 &('
� & 
 % ' % )+& ' & � & 
 % ' & � & ' % % 
 % '


$##� ���� , �, �-

$##� �
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�
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 � # � � 
/ � � 
 # � � 
 'H' 
 � � � 
 � � 
 # � � � 
 ' 	 
 � � 
/ �
and	�

� � � 	 � � 	 � 	 


� 
/
L ����� � � 	 � � 
 	 
 � 
 ����� �
� �� ����� 
 � � � � 
� � � � 
� � '

�

� 	 �
����� � � L � � 	 �
 ����� �
� � �

� We exploit the one-to-one correspondence of the

parameters:

�
���
	 �
	 

� /




� L� � � L� � � L� � � L� � � �
Adopt an on-shell scheme in which we renormalize the self-energies of

the gauge-bosons by requiring that they vanish at the physical mass

squared. The electric charge is renormalized as in the SM.
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� The renormalization parameter that is of particular interest

is the Weinberg angle.
By expanding to first order, we end up with

� & � 
 � � % � 
 � � ' �, � ) � ' �, � � � � � ' �
 � ) � ' �
 � �� ' �, � ) ' �, � � � � ' �
 � ) ' �
 � �
) �� � ' �
 � ) ' �
 � ��� �

' �, � ) � ' �, � � ) � ' �, � ) ' �, � ��� �
' �
 � ) � ' �
 � �� � ' �, � ) ' �, � � � � ' �
	� ) ' �
 � ���
�

� �� � � ' �, � )
' �, � � � '

�
, � ) � � ' �, � ) ' �, � � �

' �, �� � ' �, � ) ' �, � � � � ' �
 � ) ' �
 � � �
� 5

The denominator is expressible through the heavy
breaking scale only� � � 
� � # � 
� � ' � � � 
� � # � 
� � ' � 	 � 
� � 
 $ � 
 � � 
/

�

In the SM: �
� 
 � 	 � 
 �

� � 
�� 
� �
� � 
�� 
�
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in our model �
,
� is expressable by 
 � � , 
 � � , and a heavy

scale

� � �
SM:

�
,
�

� �  
 ,
� �
 ,

� �
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We include the change of �
,
� from the SM to the LRM in

� �
,

� ,��� 
 ,
� �

,
�
��� � ��� � � � �'� � ,��� 
 ,

� � �
,
�
�
� � ��� � � � � � �

then:

� � � �
�
,
�
� � ��

�
,
�
�
� ��� �  	� 
 � � ! �  � 
 ,

�


 ,
�

� � � ��
 

�
�
,
�

�
,
�

� ��� � � �
 

�
�
,
�
� � ��� �  �

�
,
�
� � ��

�
,
�
�	� ��� � �
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4. Results and Discussion

500 1500 2500 3500 4500

vR  [GeV]

0.00
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 ∆r

(b)

(a)

(c)

Contribution of box diagrams to * � . With increasing � / heavy particles

decouple and the lines aim at the SM contribution. The (a) line is for (three

heavy neutrinos) �
( 	 ! N N GeV; (b) is for �

( 	 � N N
GeV; (c) is for

�
( 	 � TeV. The gray area shows the experimentally allowed values of

* � .

� � � � ��� �
� � � � � � �
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“Natural” scalar potential:

500 1500 2500 3500 4500

vR  [GeV]

0.0

0.1

0.2

 ∆r
(b)

(a)

(c) (d)

The (a) line is for (three heavy neutrinos) �
( 	 ! N N GeV; (b) is for

�
( 	 � N N

GeV; (c) is for �
( 	 � TeV.
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 � � �

� 
 � � �� 
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)� � 
 � ) )	 � � � � � � �
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	 � 
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 � ��

� � � 4 + 7
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All Higgs particle masses equal (apart from
� $$ ):

500 1500 2500 3500 4500

vR  [GeV]

0.0

0.1

0.2

 ∆r (b)

(a)

(c)

(a’)

(b’)

(c’)

Sets with and without primes show results for three heavy neutrino masses

with �
( 	 ! N N GeV and �

( 	 � TeV respectively.

for 
 � �
� � �

(and large

� �
),
� �

can be accomodated,

remark: fine tuned masses
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Variaton of � � � $$ � is negligible:

100 150 200 250 300

mH0
(SM)  [GeV]

0.02

0.03

0.04

 ∆r

* � as function of the lightest Higgs scalar mass
� �

��
. The gray area shows

the experimentally allowed values of * � and the heavy particle spectrum is

chosen to fit approximately to this region, namely, � / 	 ����� N GeV,

�
( 	 � TeV, �

� 	 �
TeV.
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� � is effectively light and is not predictable by
� �

in LRM:

200 800 1400 2000 2600 3200 3800 4400 5000

vR  [GeV]

−0.01

0.00

0.01

 ∆r

mt=125 GeV
mt=175 GeV
mt =225 GeV
mt=275 GeV

The contribution of the third quark family to * � as function of � / for different

top quark masses.

Leading terms:

� � � � � � �
� ,

�


 ,
�

� � � � � � � �
� ,

�


 ,
� �  
 ,

� �
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6. Conclusions and Outlook

LRM can be fitted to muon decay width, however:

� heavy neutrino masses and Higgs masses must be very

tuned to get proper
� �

:%
low energy data ? ...

� corrections coming from SM particles within LR model do

not constitute a structure equivalent to their SM structure,

e.g. top quark and
� �

, the lightest Higgs;

� consequences:

Czakon, Gluza, Jegerlehner, Zrałek, EPJ, C13, 275 (2000),

also Lynn & Nardi, NPB381, 1992, ...

� LRM gives a possibility to study many effects: RH currents,
� 
 L�� 
 L

� ��� L � � L�� , further questions in 1-loop level:

�
� �
	 �
	 

� /




� L� � � L� � � L� � � L� � � �
� , �	 � / , � , �	 N

, non-finite QED with � �	 N
,...
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