
Neutrino Mass

and

Grand ttnificatim

Lecturer

3 / 12 / 2021

L-M.tt

Fall 2021



SU (5) and
-Unification :

com it he rained ?

2¥
,

= ÷⇐, -1 z÷lu EYE,

b = Is Tars - 3- TF - b- Ts
-

P complex

+ Ya (A- F) scalars

III

÷=÷⇒+¥u±Mw



÷ = Eau, + ÷, en ÷w
It

21T¥ - ¥1!g- (
k -b.) hi ?µ÷w

Ñfw su Cn)
,
N > 2

To B = 0
,
for V41

⇒ bz = 2=3 - "↳ "J - ¥
k
Happ

b
,
= 0 - % ng

- ko →

(b, = f- b'=f- by)



It

lÉi±☒☐aw⇒
/-M=ÑG

• S M fermions

• W
,
Z
,
J

• Higgs

but:



54 = ( =§# Met > 18600

Higgs

24m=(¥¥☒ eaten

¥#
'i¥E

eaten
+ singlet

no charge 9@☐⇒ no color Higgs
no flow
(Ti = 0

,
i=L

,
- -112)

fe
,

3-w = physical



My = - -
- I
✗

rug = IT V×b {pig
t

b Tr (24µ)
"

I

Ms = 5 box = & rug

| -M-×=#goxg_~o✗ is heavy !
-

b = ? hhat if b small!



SH : electron the __ Yeow

t
Met IN -100 Get

=ii%w ! ! !

Q
.

bleat if bn Yeas ?

• 13
,

they = ?

3W : 4=0 → b
,
13W)=O

fb
,
_=b
,
lsw)=0



bz 13W) = - 13 . 12 • 2 = - 43
p
real
/€É⇒

÷=÷m,
+÷+aEA-w

÷=÷+÷a÷w +

+H+!¥en÷

=÷,+÷a÷+÷•÷



H

LFaw,-Emu, ] zñ = (ba - b,) en Ngu
→
-: a÷
,

negative
-

a- (÷ - I. Huw = 4- b.) la ¥÷
( us = Mx)

= b4 -4) la :÷ - Is he :÷

It



Let : this -~ MW

H

MI " ⇐ to
"

her

¥-1.

Q
. what t.tt minimal

realistic extension of minimal

so Cs) ?

II. 244¥ o- f24 it, 24h)



JSUPERSYMMETRJ.su#
Supersymmetry = Susy

✓ = Susy

b c- f- gelfand, lihhtruou
p p

' '

71

bum fermion Wess
,
Zunino

'

74

(fl e → e- (b)(selectin)

w← Ñ ( wino)
(b) (f)



(b) h → ñ Cthiqqrinv) (f)

(f) u c- ñ Cup squwh ) (b)

|susy=brohTf
-

Theory /prejudice) :

A
susy
= Mlp - Mlp

= TEJ

T T
particleC-particle)

I

spontidas run abme_ Teti



b = ¥ Tars - 3- Te - Es Ts

H

b'
""
= ?

fs=D
( s= 112)

G. band A. ← Ñ fqoupima) (f)

(femur) f- ← I fssferuim)
(b)

p
Cs = 0)

G- o) h c- Ñ ( s= %)

µp←Ñ→ysome internal tquiueelg



↳←

b = Is Tars - Es Te - Es Ts ④

p
qeye

bum A

qaeyino Ñ → how much ?

⇒

iii.mus
sfermions

→ qoeqinr f

b""= Ctg -3)Tors -% +G) TF

• (Is + 3) Ts
← Higgs inon



I

|b""=3TgB-TF
-

bz = 3 . 3 - Zug - O ⇐ 9-Zug

bz = 3 . 2 - Zug
- 1£ = 6 - Zig

- Iz
< 0 lug =3)

/dz-l-AFimsusy-f.to
, =
- Zug

-( . I
# normalization



Cosy ) -
Marciano, G. S .

⇒ SiÑ0w= 0.23 £1

-

giv) = 0.20
µt_~20OT)
=
Scale of Susy breaking :

= ?

hhy a prejudice Asai, - Tev?



I

|HiwaralyIrohleTf
-

•

g- 7-
+ - -

e e. (is + e÷ln
^/E)
-

small
"

infinity
"

11€ A-p = to
"
fer

⇒ d he ^ le < I



•# Weiskopf 1930

m Meo i-ii.d.tt/tbduee0lu %
,
-
-
•

"
"
-

,

,
,

O-t.ba ¥0 possible ?

A.
Q2 . lily a=o ?

Mi é e = mileentered

⇒ 1ifme ¥



⇒ e
,
→elder

,
er → er

chiral§e, - e , , er - einersymmetry

• tee ⇒ chiral agiumely

He }A
loops must preserve

H

the ☒ the
,
so that



We
°
→ 0 ⇒ wee → 0

Cdural uguimelg)

H

|wiEE,=mi(1+¥eu^
→

to all orders :

u loop
the (E) = he:(I + *(F)"la ^/E)

¥



•Hiqpueais

m2 §+0J ⇐ MI
"

duval
"

ngru .

It

Iloip t

E-
-

É
t

ME 11 loops = Y÷~ f- I÷)
(it + ME he E)



P

"hierardypvobha#
Gut : X>Mx

Fine - Tuning (Ft)

moi = me? + Ei laitmienalle
it

Mei+ ÷, or -400 Gert
I7

4016GW )
"

co"her )~



t.chialymmetg-TLD-ifvfuf-uefff.net
-1-0 ⇒ |f→é
⇐ f, → e'

*fi
,
free
"
fr

↳ ? If = Ifrtfrf,

• Mf = 0 ⇒ fi → e
"

Pfc
, fr→ for

( fi → f., fr →eirfr )
⇒ y

.,yyµ



I

• f- → e'
'
* f- Cvectwnymmeh )

Talwar
reef =o ⇒ f-→ eif "

-

f Cduval)

I
f-c- eiff-c.fr - e-ii.fr

Fr


