
LA GUT Course

Lecture XIV

18 112/2020

L Et U

Fall 2020



S
'

UC57 : what did he

achieve and what is

a challenge ?

Motivation :

-

I . Unification

2 . Mairaches :

a) charge is quantized
q a Molo

b) 9=0 CeeE- Qem)

s¥÷⇒c÷÷÷÷÷÷:S



in:

Q 10 = 0-5 t Q 5

10=5×5

Qe Qa + Qs = Qegzt Quan

⇒/Qe=o-⇒
-

Qe =3 Qd

5-
a t Qe¥-3 Qd '=D



Qe =-3 Qaa =3 Qd

charge = em charge

|Qemh=QeRTf
-

-

S'UG)⇒ panty violation

(maximal)

→ singlet-R5€!)↳-dmbb
toe -- fu. uo# EIFFELee



"A- eehtcuight

-1577
-

.

'

c :S. ⇐ I

i
(Veh
,
- (Elr ⇐ P

IT17h ⇒ Fun ⇒ Muto
-

SA can accumulate both
I andI



)SUH⇒maximd#
-

m → p te t Te
-

- Qp = Qe ⇒ Qu-O

(n 1520)

I"i:÷Qr= O

-

WR⑦



(IL
,
er ; Ca k , een ,ok

|mrVr⇒mv-#
In ul
-

f- (ve )
, Er ; E (Yah Ur, Dr

yet ¥ Ye y!y.
QE= Qe ⇒ If = -I +4€
A



YE = -It Ye

YD =-I + Ye

y

Yo -hey,
} !:#e

Jfc -
A Aa Csun)

fi He.me#-n
. :÷:A-abcd Tr { i

Tv %=o ⇒ 3.4g .2 t Ye -2=0

T t
color

up + down

v te

|3Ye-Ye=0#



Yett
Q=TztYk Try -_O

⇒ Tv Qc=0

Qc=Qr⇒ TrQr=0⇒

t.Tryr-o-f.nu/yfE8antmfnumgraritn
YET @ +4011.3=0
I



- I t Ye t#Yet-4K¥
- I + f- 3 Ye ) + 6 Ye =0

/3Ye⇒⇒
Tuatara

r

cubicauauely.ve:7
Tr Yis= Tv Ypf-



JM⇒ Mento is massless

1 I
Fur CN) at ur

④ ④

→
e-(f)

a
Er
,
Nr

⇒ /Qn=
You = t I t Ye

YE=- I + Ye



no Tv Yc =o ⇒ 34e-Y
• Tr Ya= O ⇒

YE t You t flu + Yrs)3=0
- -

ftYe Hye ht Ye - I the

2Yet6Ye=M
-

⇒ Ye = still arbitrary
Qe = - I t Ye = - I - Yet Yehle
Qol = - l t Ye

Qe = Qd t Yet Ye



I fQe=Qa-24e\
→

arhihy
Y
'
@uh:c) anomaly
Tv Ya
'
= Tr Ypf µ

clvqeeuaihzaluxus.me#\ neutrino massless

-

Omassive =p A change is

arbitrary in general



D= Dirac or Majorana
-
-

Mb VIVA mm ULTCV,

I d

⑨Falsity Qu -_ O

add N
.

'

.
NTC At -

|SVGxEID→Ta
-



④ Fur
, only k

⇒ only vetch

⇒ Qu =D

IT

S
'

UG) . Qu = O

• Meu =o Carly Ye)

if morality SUK) .'. Muto

Mb W MM =D Qu=D



in short

I:÷:÷÷÷÷÷÷T
-

SI (: ). II. Ir
D-
( ve ). C:k r



so

:÷t÷%
.

r

OCR =COIT

' or. --f
'

I ?)EC
L

i'Ef )
.

keep adding new particles
NOToarwu.be#



• inv to ⇒ F N = SOG
)

singat

in SM : add N ⇒ lose

charge quantization

Us SU Is ! Qu= O # Qw =D

MD J N t NNMN

-

Q = quantized

carton = { Tze, Tse , Tsw =Tzi ,
Tzu }

He



÷ .
'

÷÷÷÷¥
Tv Ta Tb= I fab

Tr Tzu
'

= Is . (F .3 t 1a . 2)

= E C's + I ) -- Z E=L

Dee = fu - ig Ti Ami it, - . ,a

= On - - - -- - ig ToitAnd
a-443

- ig
'

IE Bµ



tuAw=9

suasi.GE#w--95)5f--( Yg!) Q=TztE
R

A

¥Get = okay f- '↳its,
-"
s
,

"ik)
A

II. --ETH
-

Hu



g Ati Tzu = g
'

BM Iz
- -

SU67 Sod

|Azf=B#normalised
-

-

HA
,B)= - I Fava Fava -at Byu Btw

Eva Aua - - - - Buu⇒Bu - - -

⇒ gTzu =g
'

I

|gMs=g'②
I



SUCH =

georgi, flashour

|touZow=3I'76
1-

'

waltz
I

Ne hhiow =0.2

sinai = 31g true

true at
T tee - lead ⇒

E > to
"
-

her
at GUT scale



-

-coupling
"

constants u

\ t constant as HE)
-

sinew fatgut) = 31g

sin'ow Caw) = ?

\
0.23 LEP

Georgi, Quinn,
know(Mw) F -

Weinberg
'

74

by
"

running
" d 's

(renormalization group equation)



÷¥3za⇐If↳
Ian, - IT.io, thenME.

Maui 2 10%0

Simon (Mw) = huiow Chair)⇐8)
Tp

q blood
en MII

computes'
7h of fin'0w (Mw) = O- 2I
,

a dinar )exp



fexpCLEPJ-thiiff.ME#←
• unification of g and g '

⇒ Ow at Haut

⇒ run it to Mw

⇒ I fail

f.equivaleutlyf
-

=dw
Lem =L

,
,
22
, 23 = de

em weak strong



their Ice.FI#.i-I.heEe
,

O
. I

GOTscales = disaster

- . .

i da f growth
i stray

tho
- - - -

Laa
,

t

'
M to -3GW E
- -w T

• A-out > toad
Hartigan

(Tp > 184yd

a A- out a A-planck

)imSUCH:Nounifiot
-

People : a , ← a meeting
MGOT



⇒ Tp G 1030yr

WRONG depiction !-
e Natural unification scale Moot

= where dz← g meet
#

2=1,43
⇒ 7 new 4,47

,✓
weakX= Xu

Y -_ Xd doubet

→ (YAY
Kaiyuan

T
lepta-quarks

a



proton decay
-

dem c- runs

them (Mev) = 4137
dem (Mw) = 4128

S
'

U IHz SIL\ L
,
=22=23 = 45 =Lout

. If this happens⇒

go home^¥ (seat up)



As this happens
= unit-cotta

died whether couplings
unity
-

GQ
-

w
'

79

SUCH ⇒ cuufiaetu

⇒ human (Noot)= 38

A

Amber (Mw)= 0.2

d



a "

N#ate¥E
E

n

s

unificationte
M
GUT

E

→ new physics at
MGUT

minimal men payvis
= Cx if> ! ! !



t¥.
new uufaetu

extended thevies⇒

where you home

partial unification
÷

is:



particles that contribute

to b = light particle
(Ml E E, I

GOT ⇒ G = SUKI

light= SM patrols

keay = G men particle

@new
= Mout)
I

do not ran
-

rainy fu Met ht Mw

e
,
AT Sm f



Mmm = Mw

Muar = Y Mw

if Iclaim in SUK) t .

IM
ueew
= NAUT

⇐ Metanoia =#w the SM

Mf = y SE)

④
"

Mug

- it is possible the GUT :

Mmm Ls -M_ out



tfeople = common ground

⇐/uh⇒
Mae :

"

People
"

tee
• Lau C Meu) - Mw

µ , T, c, b ,
- -

-

Mf = dew

Bone Pen.ee → tote into

account all the curating



of masses the SUK)

¥#
band - small

• assume 4=22--23= Naut

#random

dii2Hd3#

•a:::t@



bands (not point)

|Anew#MaoI
-

Mf = g Mw

Mf = M
top
= Mw

or me = toMw

-f"thveshahdeffed
~ 100 new patrols

¥¥¥÷%:t
-




