
Neutrino Mass

and

Grand ltnification

µectwe
71 12 / 2021

L-M.tt

Winter 2021



Hierarchy
"

Problem
"

vs

Doublet - Triplet splitting

• fermions

Los = if8mg f- - niff , f-= f-+81-

(a) f - e "f

?⃝,i firm on fr + iFrMµ f-☒
- nilfifr + Fr fil
f

f- < → e" f-<
,
fr → e'

'

✗fr



(b) they = o ⇒

f, → eir.fi , fr
- fr

fi - fi
,
fr → eirfp

or

(b) fi - ein fi, fr → e-
isfr

only 2 symmetries :

(a) f- → eidf fi,r=1±¥f
(b) f- → eirsrsf

calm f-, - eildtp
) f,

tr - ein
-Pfr



- ✗ +p=o fr → e-
"

foe
,
fish

• x-p -_ 0 for - fr
, f< → e-

-

f,

-

¥
-

| mf°=O ⇒
duval naga . (a)

+(b)

→ out = 0 to all orders \
#

fÑ=mi[s+(÷jln÷
÷-

for the ftp.e



( chiral = protective )

• scolds

ME lot of ←③
protective

Higgs of SM

t

- -
-?⃝¥

-
-

t



I

ftp.2-uei-YY-lii-mt#
I

thiqp mass large cut-off
( N Z MGot )

Finetuniug (FT) !

Me
.
~ A 1÷ =

^to

mi e ¢5 her 12 •

a •'

Mir = Coo Gev 12



Moi = Jeez ,
Mw = Nz Uw

Hierarchy
"

Problem
"

:

My Chow)Mw << 11 ?

/ \ Cil

|⑨sealT# |#ofkaln
H-offermiaesc.nl

a lily ? ⇒ Higgs = bound stole



IT ' ← bound by QCD Ceolw)

Higgs ← -11 - Technicolor

Trteinbeylzo ,
Susskind

ciilswperymmetyf-sf.cifanion)
(h ) Hiqp ← ñ (Higgins)

¥.



t → E atop)

I
Hr

① t
-
-

'

;
i

-

:*! . .

* -
"

'

¥-1
& & YE &

I

ni=mñ=mi+Y÷mi)
z÷:t+m:)
I



|mmiqq*%÷cmi-y¥\
-

• no cut - off dependence

• → Higgs mechanism

"

naturalness
"

Mo = 100 ANT÷m= aw

(Yt/act = %)



Hi

÷i→
• thiqp mechanism

%→""|•

"

naturalness
"

• Whif. Was predicted ⇐ 19ft



Dmbht-Tripletsplittiiysuls-5n-f.I.frcolor triplet

$ =D ← weak doublet

24+1

T= - - -_|p5ifmi5¥5µ
(24h ) = Ix diag (I 1 I -3k

-%)

I



ME = oui+ p il✗
2
= 0 Cdi)

Mpi = mi + 914p v5 = 0 (die o)
-
-

⇒ ME= uÑ+Éñ-%pvñ+pvI=-ñJ
I

fftathalevelf
-

Mt - Ax (proton stability)

nu



tho ~ Ix ⇒

Mi us pV×2
-

FT of 1032W- O

.T⇒heaY}⇒¥4=01 ⇒ light
Proton stability



GUT 3 SU (5)

& c- b-µ
(w bigger]

It

/D-tsplith.mg#PIemSUSY-Ts-T-
as much as S-M

→ GUT

It

Susy so (5) ! D +T +

partners
It



T to heavy ( MT = ox)

I|p,myme☐.,u
difference

-

• Susy GOT

it

F T at tree lead =D

you can forget it



• GUT

ni mi + Y÷Iñ+ -- )

__=FT at 1- loop level

• eliminate FT by home

group theory
trick

.

⇒ Susy is formed (htee)

but



• doubled # of states

• my ± Te TT (naturalness)
^

-
F

l l

- -
-

&
y

0 I
- E.int
Yt = on ⇒ ME < TeV

• e- ?

- Y÷~ ME ⇒ ouiElootet



Jardimlhp = A susy

assaeptiu

=
• fermions = protected

Cdrival upu . )

Mf = Mfi [I +
-- ]

• Susy ⇒ Io difference between

f- and scalars



⇒ Moi = lug [ I + - - ]

' chiral yen . protects fermions

• Susy protects ✓colors

|susy⇒Hiqpprotected

but

|susyiobroh⇒ Up = small



Minimal realistic extension

suñ
Failure of minimal SUCH :

• mounificotim **

•L wrong← ?

• Mw=0- * *

I



• Me = tho

Ly = 5=1Of 5¥ +

+ Yu '¥÷;!µ=inmate
⇒ |Md=YdRw=
-

tñ-e③
• A € -M-pe

C cut - off)

A



L = Ltree + Lefleatiue

a 7
compute

new physics
decoy , scatterings

L - tree (1+1--74*4)
GUT

Mx - Io
"
Ger§?⃝

A E lo
" Ger

Ye = 10-5, Ya = 10-4
,
y, -40-3

I



IIcomnotinqweletg.cat#Lsm=Lw-aC1+(Maw-1"

)
-

sued fw

large X

Ly? L D= a } = tree level

d=5_| can you write Ly
lot5)byao1diug24µ/-



1

correction n%=÷
NE

^%⇒
?+101=10+-19, 2¥ ?


