
Neutrino course 2021

Ledña

415/ 2021

L.MU

Spring 2021



Ñ:Ñ,Zbnmphynis_

massive TGI = Rvoea

F.= - 1- Faut
"
+ MILA, Am

= E Aµ¢☐*m¥g"-0^0] Au
Yu

f. /( ☐ + vial AM = MovAr

H

#*Mai )9µAm=☐%A#
it

|mñdµAM



• ma = o ⇒ nothing ⇒ gouge
invariance at Maxwell

you choose a gouge - popular
die Aµ = 0

• ma -1-0 ⇒%A•=_TmatI
An 14 d. 0 . f.)

tvoea = 3 d. of. = spin I

| momentous space
A-
µ
= ein c-

µ (p)



⇒ Lp = E, [C-patina)g
"
+ paper]g

propagator = iuuere µ

A-
µ
I c-b-+ may of

"

+pipa ]=gi
I

Don = A gun + B pµpu

I

*%j!!¥
propagator



to µ;w;z⇒P÷-
Fem %÷ziÑw

3µW =(Ike + ñrudi )

L Q E D analogy

In WITI + h.ci
It



µmwmf
'
n

'
n

"

¥ = (Fe) fi 5! %)

= E- Ii sin Is"j!:!¥→
p = -Met→ Gu ⇐ Mw

⇒ 4¥- = :-, (p =D
It



|¥=§⇒Mw= ?

g= ?

interactive notueyusetd

¥61 flaskow
SU (2) ✗ Ili )

(Api) Ta 1%1412 ( Ta , 47=0

0÷%, -1¥
• b=o ? Qau=Tz-z
• a -_ 0 ! Qun __ % ⇒ %=Ed



(Yu = Ya)

(Ta
,
Y ] =o ⇐ particles in SUID

states = some Y

⇒

la-to.IT/Qeiu--Is-Y-z-y?=y2TQaa-T3/--si--A+--Bo-+o
2- = cno As - timo B



I

As = the A A + an ② 2-

B. = as 0 A - timo Z

-

if-8M Dee f = ifIM /On -ig Ts A)-
- ig

' ¥ Bµ ) f-

→ f-(g Ts Apis + g ' l aan -Ts )Bµ)Ñf

= f-⇐ ( g Ais -g ' Ba] +g ' Qun Bu)Hf
-

✗not a photon !
Ébum



2- = 's;:;⇒ war:*.
simon __%¥g

⇒ftono.ws#-
⇒ Neutral current interaction

= f- you/ ftp.2-nt-gto-uo-w Qew

(arow An -sinAwful)f

If 8M¢, Qun g sin Aw * .

+ (Touts - &!÷r_ Qew )Ziff



I

= e An f- 8M Qew f- +

+ Fan Fu f- on (Ts - Qun Simon ) f-

µe=g%%⇒-
T

- a÷ Zu II + e An jman
(Ts
,
Qeeu ) (Q een )

A.)wÉagain; 471f, 2-
fr →



1971 't Hooft
d

Ékg÷
"e.mama⇒

+

a- fu

IF= f- 8m I Ts - Q union ] f- * 1

Is fr = 0µ : TomI vi.
Is f-< = Es fie

I 8M I Ts L - Q simian If G- *)



ei. Erm [- I + anion) el

di : oI8M I -I + thinkin]dL

→
g- I
knew gmeasn
|%÷3lfiiow-E-o.ir#Er--e--a--÷
I Muisiriow

I



•
=

It

µMw=e#
+ Z current success ]

It

✗MZ=9OCM⇒
=3 0°

?⃝ ptp 1983

142-1
se s

'



d
,
+(ñ|p→ w

- (Mw -700
Aer)

at rest

Maemo - their _=O⇒ !

w
-

→ let,+(Ik}+qeE
Cd# F)r -@

sz=t1Hm|wat
E- a-¥→e
÷



"

• Eµ (w) = ?

9µA"-0--0 EµpM=0

1atred
(Ti )ju= - iciju
e- 1,45 *

Iti,Tj]=iEijuTu

An f?Vf
,
Car - -7



→ Ai f-8 if → Aint oiu

U = Uk
,

UNNI
Myr → e.

"% •

uyr

ROT

⇒y
,,,,,.,,,̂
-

I=/? f)
O O O

Ts C-
⇐ '
= c- ⇐

I
⇒
{
⇐ '
= )



T} C-
c- 1
= EH ⇒ E- = (%)

Is C-
"1=0

⇒ so= (F)
H

4%6; s , , , ;É⇐
"

=(o;s,-i,o)=,g,,,µ,,,
-Iz =D

He

E-get = -gm+EY⇒\ i-1143
(+
, -10)



-

po=Mw✓ §
p'=D

* ↳ =

T.IE?:---EpI:I/acn--#.x=}
-

They ⇒ Mw
,
Mt = 100 Get

C- low enemy exp )



lu

☐et e-

27hm

|ÉEp=2O5Ge
-

r. |Mackines=acubutñ#
=

discovery high precision
1 It



Chadron ) Ñept
tEe=?⃝
IItdiocmey-lfsps-pi-p-qoe.fm#
-

• SM = high precision they

= loops

→ Mw
,
Tw
,
Mt
,
Tz = caupute



LEP = W
,tfactuythatffiniow-0.esMeasures

⇐ 1%)LEP

-

•loop Hm
8

Souk A- (w) Dfw) - - -

0

Amar)=%÷µ!÷
. Mini → 0 → singularity



Mw→0②h→
%vJ•µ÷ (does eat

vanish)

I

look -
- -
→ ! ! !

fIroca=wrmy#
=
LEP : Simon = 0.23

Neutral aunt :
.

III.o-iFEE.io?
.



Grand Unification : SU #-)

weak taut sting µ

9erqisqlashurfsiiriaiEoir0pvotmdecg@Ivrcai.Lp
= AµF¥- Av

Ia )

✓

Aj E- Ai

→ 2-
µ
1¥ Zu



- wit
'
# WE '

II

Aµ"
'

☒ Ai
"
+ Aj
"
#- Ai

'

%±=Ai±÷%_ {
Wµ+ WJ= i 1 at + (2) (2)

-

A- = s As + CB

Z=cAs
As ☒ A

] + B ☒ B



- A ☒ A + z☒e 2-

it I

tha-_o ME -1-0


