
Neutrino Ikgn:c , came

Lecture xx

161712021

Last lecture

L M U

Summer 2021



LRThemg.koaistwaohla.tt
?

Theory : Mr E- Mwr 22.5 Tet

'
80s

•gouqetheoy②
→qouqeiut.ws+

,
Wpi

,
ZR

Mzr = V3
'

Mwr , Ow = 30°



Mwr > 5 Tev (Ltc)

⇒ Mzr 28 Tet (theory)

_

last ( not least )

fthqqioechv-T.de
,
Ar : <an> = (& %)

→

Mwr =L Or

8-= bi- doublet

d- = ( di %)



10=4, d, + vzdz ) N

(011¥
<ol
' >= 0

→ SM Hiqop doubletiift
Me¢1 ⇒ uld

10=-4

d±

⇒¥pH° di VImuvndr the .

•
E- I:%

.



E-= ( "
°

0 rz e-
ia)←

toys =
"Iv
,

⇒ |wy310TeT
€T

t.e-qh.ci/-:toup--TAr
→ Ur Ar Unt

A-, → Ui Ae Ui



* → vi. EUR-1

%=É%☒+%É)Ñt④%
..
- (%).ir

1
9hr → Uhr %

/ R

Amane : (E)=/! :)
4%3=0, (01,7--11)
-
real by %)



⇒|Mu=yµCmMd = Ya U (Mb)

Mt→Mb⇒Y,→
⇒h(smth÷$2 = H (new = heavy

,

scalar doublet ;

* Hiqap )

It



A-
u
= Um Mu URE (Ma= Y, a)

Md = Ula Uld URI (Md =Yzu)

Ñ
E- (di %)

④

Lyd= di(Yq°_YzÉ°)dÑ
I = ( &
" ok -1

-% %)

Ly
! ñiµ÷E° -1M¥ 4¥ )dr°



= di that MI Ho Urd dr +

1- di Kot ¥ Urd 4° dr

= h di F- dr ⇐ SM) +

H'd-Uid Ucu % URE Und dR
'

T I
vi. +

Ly
""== Ly
"

@m) +



+ to di V5 MI Vr dr th . c.

tap -- o ⇒ cap = I

⇒ comp= IµgH•ñk+@÷wr(<oI>er+Yn=%i
⇒ Mu = Mut

,
Md = Not

→ Um = Urn

Ucd = Uno,
⇒ K= UR



L'¥+9
'

(as -1-0) =ÑfM÷w Is sina.asoeth.ci
I

IMHZ.IO#f--Hiqoppoteutial-oI-hoIUr+
f- +→ ur g-

+ UL

⇒ ItE- Ur oItoIUr+ C- I



p
Ar → Ur Ar Unt 41

Apt→ Ur Art Upi ¥1

It

UH = - - -- + 1 Tv An¥ d-*OI ☐
R
+ - .

→ t Tr Ur Art v.E.É§t¥uÉUñÑrÑ

=dTvAñÉ+oI=
(did not write : Tr ArtDr TrÉ)

need to split h from H



(& from E)

7term:_ ( Ar ) = (L %)
↳ 1 Tv ( bat ) É+oI (Ar )

= ttvoñ (%) ④+E) (? :)
-

I

= ttroñf? :/(%) (☒
+E)

= t Troi (f 9) (8-+05)
= 1 Ipl@+E)zz



e- = ( 4
"

- ¢
,

-

*+%)
*=/ " ¥:)
÷

(E-E)a = 19-4++1%012

= 1%+4
,
= H TH

⇐ 4¥:j

It



Ataru |ieñH
ursuchtermfr h

Mwr = for a 5 Ter

ftp.Z/0Tev#M-M.i-xeC-4-u--)/E-toupsiuaT-If-



HI
01 Mclaws As-
⇒(•:÷=io @e- need

qeueral-4.dz ⇒

10
,
d
'

e (0/1)=0

→ 4¢ = arbitrary

It



i:*;
@§'=auythiy⇒

4I;÷⇐i÷
It

L R = S M + 0 ( Muhr )



|Messaq#
LR ⇐ * spout. broken

• 3- ur → Mr -1-0 (Nxvr*)

• Hiqop → seesaw mechanism

Itu = - MÑ¥ Mrs

• P ⇒ M, -_ffM-µ, A-D

• N = Majorana



⇐ N→ e + wt

e- + W
-

i. 1- (e) = 1-(e)

|Diretpvobe\Mcginnity

•ovzp→Nat-



I"→
.

vs beauty

2qeueueti@
H

CR conservation

Y = Oc = (choc
tire or

- tim Ac Cnoc)

¥
N0p-



%
3q-h⑨

Mahapatra,
Paliv. = (o, o, o,

zyeauy.az, y=
Gzr = SUI# c. ✗

SUK)RX V11 )
B-L

d-→ KOI Uni (bi- doublet)



< E) = ( " °

0 vzéia)
Tello thesis

fe⇐tap
⇒ Me =/ Met

Me - Met ✗ E.

/Vr±v
Vc = Oc ⇒



Ur = (Cnor
•eif%µq

e-
"
simon cover )

N¥o/

thrmdwrfecp-CLY-j.si#@)TPconoe?wy
weak int

.

(WI)

2 GF GYM⇒
C P violating weak iut. (WI)

a Ymwñ



↳ = "÷÷÷;
It

ecx-YY-p.js.ms#-
sina.1-OMRL-ios.ME#f

It



f.Mm→__
E = smell ⇐|maximdPuiIeh
-

Berlioz Hux③
"

Tragedy of science =

many beautiful theories killed

by ugly facts of nature . "



Predichtity
.

The
.my ( well - defined structure)

b.
vacuum (ground strata)

to
compute physical processes

-


