
Neutrino Mass

and

Grand lhnofiaetim

Lecture II

26/10/2021
LMU
Fall 2021



Standard Model :

Éeahpot÷
SUK )< ✗ Tya) = G.stir

Q = Qem = Tz + Yz

|Y=2(Q-T#
-

it

glashnri

JI = Thom di + IN el



1=1+-15 R= ¥5

{ 8mn }i=2fµv

8M=(
° on

ño )
on -_ ( 1 ; si)

ñ=(1 ; - o:)

B-=/I
-F) = - ivory 's

{8%4}--0 Vs ' -_ +1



Fur = ÷.

[ %, % ]

✗ = S' = e
i 0" Fur ←

Toi - BOOST

Iij - ROT

1=1: :)
,
r=f: :)

4-0 114 (spinor)
e

4 = (LL)
← LH Can

← RH 1dam)



PMJM 4=m4I;:÷I→
• in = 0 PM On =D

⇒ (
° E- f. ñ

⇐t.io//:)--o
⇒ Engr = I Ñ - J Uhr

Mkp = E 5=812

It

h=p^•s→=ñ¥=tI¥



1
*=s
e. =UH er

,
☒ ]"

F- good -

- % I 1:b -



I

.I¥⇒ñ
Dm = Fu - ig Ana Ta - ig

'

¥ By

÷ ÷,

lTatr=T-
U = ei

•a Ta
= such \

sing at = trial ⇒ 0=1
)



LF = if 8M Dµf - Wfff

f- = Tf ⇒ f-f- = fifrtfrfo

f- =f+8° { 80,8s}=o

|Mf=obySUl±-
•

DMY.MIL?-=$-.en+t-rtdm.--fuiur+ur+Ui)tup



• MA20RANAmass- /l93I

M.a fief, + hic .

Clef .) CI - C , C 8µcT= - fat
Ct = - C

|c=ik (donie)

⇒ Mpf Mfi Oz Uh +

h.ci/Loreuts-Tqoei%1E+:x)P T

ROT BOOST



Mr → ei
Jk /E - ix )

It

MIA MY ios UL (0=0
,
invariant)
-

Anti - cynumehic1
IFI

,
in lie

it
Lorentz sun)

invariance
invariance

I



D → ED reminded

| Dti % ☐ → DT Otis D

= DT ios Ut UD = Dtirz D

-

• ftir
,
Cil = 0

a-

= - IT iqTc)
= - ltioz c l

• scalar D= 0J ( g- → UOI)

☒Tie of = 0



• ert c er = - epic er

= epic er

Q em = % er = - er

⇒ yer = - 2 er

%

ifon Dee f, =

= if 8M off, +

f- on @ % Aaa +g
' ¥ Butte



•II
-@E)< 8mg (

° A -in

Ann o )µ (%),

= In MT 2m Afz ok + h.ci

in

Tgi
I

/ Lwu=÷ñMokWµ++
I



• ueutñdhiece

|I8m(gTzAz+j¥B)µ
-

t -

Tz f- , = % A

Ts for = 0

K¥

Ylz = Q -T}

-

g.µ, gm.g.y.g.gg,ÉiM



= { t photon : e An f- Q out}

= f-On/e QemAm + gz Qz Zµ ] f-
¥

-

% = "" ^Ñ+""BY| Zn = cnow Ais - sin Aw Bu

touow=8
It st



f-
8- = ÷aw
Qz = Tz - Qun h'mZ0
*

-0W = 30° (throw = 0.23)

expi Mw = to Gert



Ñ
,
WIZ ← massive gouge bnm

AIM = Fgm - %ma÷]
(ma)

-
fbadat-hi.ph#
Hoqpmediouin?
-



* f- : |Weiubeyt\
(%), ; ur dr "

v- A was the hey
"

(1)< ; her
weinbey'o
-

Hi⑤ fSUH¢×Y
Lf = i f-8M Daf

LAB = - ¥ Fina FF - ¥BµBh✓

Fri -0µA
"
- du Ana
+ I Eabc Amba, /

% ⇒% B-do By



Feign /%→V°⇒⇒§→U0

Ly = Iya E da +IYe0
⑧ P

✓

wein⑨
SUK> inv . I→ -00J

1-4111 inv . i.fH%=+1=
Y da = 2 Qdr = -213 ←

Y % = 2 (Q - Ts) % = + V3 %



I
+ I gnirÑmr

YUR = 2 Qur = 43 UR ←

sun : E. IF ñr
- I

-

.

-

-

og u+y* -0EUR
-

-
I

*

t.de: I irz0I* UR →

9- V.+ in U* I
*

UR

= g-
,
-0+-0 irz # UR

if
I



H

Lot = (Dm E)
+⑨ E) - Tt(E)

-

VTOI ) = ¥ ( §+ g- - v72

= ¥ EE - § a- g-+OI + ¥ v4

It

☒JoJo = it is the minim

Vacuuiurnoinifold
Mo = { Io : . V= Union = 0 }

= { Iot oIo=ñ } =



E- = (
Rt i Rz

)
Rzti Ra

Eiko = ?_? (Ri Y = v2

ng

==uaximd!!⇒
• imagine D= good /

9<=-1:L ; C:b = %
49, = Yer = 113



% → % % → U Er

Mq(•I % + 9J %) = Me 59

→ tap 9€ utuqp-h.ci )

÷
|Mu=und=-
⇒

%Ae\



¥4= É Y, I % + h . c.

→ I Yz U
+ 2-

'

U Er the a

=

I→I'==UI

-2=2-1175--0-7
⇒ (3reoleleu.cat#
a-



Ly = [ my Er -¥IÉ-h.ci
→

2-→ 2-
•

⇐ minimum of TI

/→=-•uÑ e
•
= #

⇒= 2-• + ⇒ 2-
•
= diag lie, -a)

Tv 2-0=0 -vo)
|Yz⇒
2-
•
→ U To ✓

+

I as → U AB Ut = a Fs

itt



U = Uz = @
i 0-53

To :
SU 12) ✗ Uyli )

d

V1 , ) ✗ V11 )

⇒µz-=Oshow\-
It

more tiger !

doublet ?

m



B U T

(±=m;I#

CE-ja.ua#fs-M-=t:gsma;toiTfSha:-
Me = 0

⇒µ=-,;



Bottom line :

CinoA) general L boned on

symmetry (principle, idea)

exp Y
fix parameter spaceis

•

9enqix-gbaihow.SU/z)--sofs)th-eay? ? ?

son xun ⇐ (E)
,
("a)



(EF) extremely ugly sots)mwuloteept)
m_oZbn


