
Neutrin Pleynis Course

Lecture

4/7/2023

LMr
Summer 2023



dingthe origin ofmass:
glingthe secon

Mr =- Asin MD (1)

Ap I
measure at measure at

low E high E
Coscillations, ---) ((nc)

a reminder!



M

M1= I Us

I l
matrix

I, Me to

fi, for physical fields
-

weah basis states

I
>ItFrd"+vei)



him oft-fu()
I

as I↳este
I," My fri=FUcfgfr
e

me = diagra
=Fim1fr

A
↳i Un Und 8d Wa

I

E en

Fium=Fauch



+ Ur Wie Wes Wet (3)
- I

↳Free
en

is basis: Und=A

seil basis:Un=1

=
(e) basis:Ue=A Ex

I-cheaped leptenmass matux
diequal I
-



above:a =()
a =()
r =(i)

Wi

e =(E)
Ma =dia (and, es,Mb)
......



Mu, Ma-independent
in SM

I

Yu, Y--11-

↓

Ura, Wid= -1)-

URU, URd= -Il-

↓Inchne



atthe end ofthe day!

M1, Frum=Fyni

Mrs =Vlepten

-

seeson I

neutrinos (0, N) =

Mejnana fernicus

ITc Myf E

(M14)
T
=(M1)



-

Mejonona mass
exotices

-getmisesin

(03)T_Mr V
0
-

L
-

*

I
-

-UTeMr
e

Mr

= U,mr in

- UnMr, VirtVa Mrz Vart---



↑
a) H =ht=7 UH Ut= diequal

b) M =MT=Y*MUt = - 11 -

I
(V*A VT=v* MTV+

= VY-M"vt

↓)bottom line

Mr =Ve
*

mr Ve



A diagonal motux

oscillations

m
(i =1,2,3)

HiFri
I
measure Mr =measureI Mr and NeptunicVe



↓
3 axing angles +pleases
-

Or, Oz3 Dis
S

I I 2

1- 2 2-3 1- 3

gen gen gen

Arece



Mr =Mus =
*

mr, V-

MUR =Va* Mua Va

MN = M
(N =T a vr*)
H

↳Vete
A

measure atLHC



~isalsWa

ep ->MR =>(VR/2:

↓

(nit1 =Mr. Ma
Weseesar↓



Mp =f (Mr, Mn)

seesaw?
-

Mp =I0--N

-

7I erbitraryofthe
-
-

seeson fails as a

E I themy oforiginformas



i

(SMSeesaw

2y(6,) -

E M1 fr +h.c.

=Er ffn +Fr MIf
ILa

↓

-1 -

M1 =M1
-



where we used!

fu
Ifre--

17-mmety,
butthere is another

LR cymeety!

2: f - cft

IfI =cFT
*

=iU2 fR



C: fc --fp*

H
ifM =M+fo LR =P

=>M =MT for IR =C

roof,

(M*)* =MT
Q. E, D.



comment.
-

17Pete
H

C =maximally brohen

Im so

I
justlike



· LR =C assume

H

p
back to(1):

Ar =-MoTin D
A

-
↳

I Mr -- b n* Yaw



I werich,Gs, Fello

I ↳I

r Mr=-(M) (n Me)
-- (Mp)*

↓

1 Mo = iMr
Ma MN

↓



I

Wr
e

determined

I
seesaw-untagled

I
0=fixed

Mp = iNw 0 N'



=MrMr
H

Mw0t= MaM
H

0 =Mu TrnMr Fr
↓

↳
I



· U-N Mixing
-

⑳Our= Ens
Ir N

Arm=S S MNI
implies

WolOr I (*)-> I

N - 1 Wt via Ern

Mainenity:IW*- 11 -



Our=fw Mo

↳
LHC!

(i) direct(NE

(ii) Majana nature ofa

(ii) Our probes mass

sivl establish.Cas IR



/Free
↓ I sa

er--Mis/uw (1 - 1)

A
Mp =iWamN



· Md= me & Met

10Ger
--/Mrl-the MN

so for Ma-Tew Ger

A

re
->Mp =Mpt



↓

Mr +-*rp
A

ur Fund solution

↓ Iits.)2012-2016

-

↳termina
-



LNV = crucial

I
Ove i

=Ep

I

[WR, N) =>Mup = lOTer-
· Qulw mpitant

↓



Nie tj Wt

T(Ni-e;) a COuwij
and may were

decays in He

Higgs sector1
⑳.2018



(*)

↳Wit Tigre=

=Isre=

- OrrN, Ues

= I Met(reses +

uren)



↑

M =10m)--N

My

=>a) Ou x p

b) Oure O

Mwic

A

↳a




