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Background of GUT ;

- ( 1974 ,Georgi - Glashm SUC 5 )GUT , 3×[ 5 zQ]

a ( 9 75
, Fritasch- Minkmsk : SOC 10 ) GUT ,L6E

. ( 981 , Dimopmlos & Georgi SUSySU (5)
.

GUT mifies Eym'
dmatter

F> ( 5,1 , t号) ④ 1 ,2 ,⼀站

IOF > ( 3
,
2
,
t6) ④ (5,⼀号后

④ ( 1, 1 , +1 )下



Fun damen talPuzzles inthe SM
:

. L= 和 R - p-etiDx [号 asaGoa
t Yij 4 ; 4; I - DP - UCQ ) ]
- Pecce : - Quinn me chanim

,
hutPQqualiggp
-

a most puzzlig sectr , must he understoodwiylowrs:

the Higgs G kouwa Cmplings .

. Hogs potentia : wly t =
125GeW ?

. Both PQmechd florrsare related o hlugys mech !



Flowor Sectm :

邢志忠 1909
.
0960C )

um - universal intrageneratisnel mass Epliting patderns ;
⇒ nm - mivensed SYMMETRY properties of Sm fermims ?



Flarm Sectar: Sm tHygS thistingenshranchialflowns with
Yukawa interactims

.

awly Ye ~θ( 1 )

杨振宁 [ 1980 了
"

SYMMETRY DICTATES

INTERACTIONS”

2207
.
00093C )



Back t
→ GUT ;

. Allflownpuzzles aresimphyto asktYfHmng
a 3 × [ G ( 8] inSU( 5), r3 xl 6FPoorimaginatim;

SOCc0 ) , m 3x 27F in E
6

. Three simple repetitim is Natume 's cammflage @
~ 1oo Gel

,

. Nanopulrs rachmem 's vien C 1980 ] : alefem hi

in inequirlirrep fGUT 9rmpG
Ʃ Anm (4 i ) =0
i →anIAFFS
NB3 xi - -Je



Georgi 's 1979 proposal : flawm - ami fied SUN25) theory
- Law I : SU3)cisreal Crectorial ]

.

- Law I : SUC2)w G UUDY iS Coplex Cchinal )

-Lan]sua ) =Ʃ MuCN,KTimEOnI

& Ʃ mu Anm [ [N,k]r] =0 No repetitian of any irrep
⇒ SUCL 1 ) : CU , 4]EG区 8 JF ④ [ 11 , 5 ] ④ [ I 1 ,10JF ⽐F = 56 (

It seems to me: we should rond the repetitive
generatimal Struetureto have ng3emerge naturally
@ the EWScale

.



Georgi 's Coumtig Ruke : decmprse inrepsintothe SUC5) irreps

[N, ] F =
N- 5 JXF ④ 5z and ete ,

⇒ Aetof (
π

,
5 F

,(Or ,F , π)

Anmuly-free :V5 FTUCOF =Uz tO,z

进 oftotal generatim : g=UOI-Vz = UE - V5F
. In the SUh )

,me has
:UOF[N ,23 -VE[N,23 F ≡

F

OOFIN;3 ] F- V
[N ,3] F =N - 6 , andetc,

⇒ranc- 2Sucastherry alone is inanfficient !



Def : irreducible ammaly-freetermimset (IAFFSJ
⼀

Ʃ mafu (R)
, MREx , S

.t . Ʃ mpAnm ( fc (R)) =0 .

R R

They seatisfy 3 Cmditims :

c ) GCDSmR } = 1 ;

a) Not any of fiR) cam be removel , otherwase

Garge Anm 40 ;

)Wosing let, Self - cmj ngate , adjoint fermims ,

- LOnE No Simple repetitim f( CHEN) :

any IAFFS inthe GUT ( 22
.09

. 11446
,
2307

.
0

.
2921 )

,



Examples ;

I) one-genenatiml Sm : ( 3
, 2,
+6 K ④ (5, (, - 号公 ④ (5, 1 ,+站

④ 1 , 2 , : ④ ty, -1k ,
anIGFFS

2) SU (5) : 3X [ 5: Q( Oa] , failsthe Law
-亚

.

3) SUCF) [ Frmptm] ; ④ 2 F ④ 2 x你双孖

Ans : Thrs tails the han -L
, hy rewoiting fermdms un.

④2103× ] ① 4αFQ 2x3[ ]
⼀

↑

simple repetitim .



" Miniamal Flawn -mifiel themy :
SU (8)

Anomm(8 i ) = 1Anm (28 z) = 4Aum (56z) =5

8z = 3 × EF ④ 5E
28z
= 3x栋 ④ 3× 5F ④ (OF ⇒ I gen

…

5bF = F ④ 3× 5F ④ 3×(OF ④F ⇒ 3 - 1 =2geminimferns
f}u(8) = [E

^
④ 28: ] ④ [ 8↑^④ 56z ]

= 3 , E
,

E
,
I :

ramk- 2 IAFFS

⼊ = 1 ,
2
,

,
N

, 区 :
ranks IAFFS

Tws istintive IGFFSS w. O
. repetitim .



How s def te B-L ? S
, weunberg , Walczek -zee [1979 ]

. SU (5) : 5E ④ IOF ULUDULDE → um-anomalms
Uz

2 ( 5z) = - 3t2 2 ( ( 0r) = ttrS.t . [ Su(5
) ].U)Tz=
0

- IY = SI 1 OF 5t T 1 Oa 1OF 5+ + H. C .
E (5+) = -2tz

. B- L ≡ G
. Tztazywitha =1 fromthe41torft

anomalymatching(1980)U' n
3
- UBLP:

.
( O8 (OF 5H +H . C. > ( 3, 2, t6)≥ @ (5, 1 , ⼀号K@Cb2
,

ttnlB-t

-

neutral
:

+ Y3 ⼀号 0.

B-C ( 1 ( 1 .2 - 2 itia=0 )+= ⇒ a2 = 4h

B- L ≡ TIt 4EY in the SUC5)
.



.In theSU (8) ;

fi{ } = [ Ê ④ 28 z ] ④[
*
④ 56
a ]

GlobalDimopmlres -Raby -SusskindCDRS )qm "of I 1980
f

-

suc4) @ UuDaua
.

^^JG
[ - Esu)aui)auuy

^

J
λ

. Find the non- anomalms ul1) x @UiDAz - →Ul)

E

& UllTQ ULDAS → tUll
5~

⽂
⼀λ

1

δF
56
F

8F
28F

冖T2: - 3 tz t2tz
1 厉 :

- 3t3 ⼗⼗3 tz= t
3

「 nthe enl

(



. Hiyys sectw of the SU(8) :

56z 56≡0- Ly= SE
*
28fSein t28728 FF t⼀

+￡
⼊
56
F
28aix +p56F56-28

H) +63 H+ 2层5层
rafemtbyB-
t

. {H } = SHr ④ 28Hn ④ ⼦OH ④ 63m
real , Adjoint

. SSB patern : determinel bybHiggs ivieps , L- FLiCC974]

. Any GUT mustundergs amex SSBseageQ isy
by ies adjpint Hys das hghas possiblefor

"

pootm decay "
…

SU(8) BHx44l
G3H← 7 = 年 diay(

-

#4 , +址4)Uu



. SSB pattern ot the SUC8):

SU (8)→63u Gu41 x 。

Sex G34
,Sa, x, G331xz→ →

Xs

Fθf
—→

8ai , 8nlasm
→
SUC3C @UUl) EM ,

. Decomprsitim rale: 8
n =

(4 , 1 , ⼀年 ) ④ (1 ,
4

坟+

(4 , 1 , ++ )+= (5 , 1 , + 号在 ④ ( 1 , 1 ,θl
⼀

( 1 , 4 ,- {) u = C
1, 5 ,⼀在 ④1 了 Singhets, can develbp

VEVS
⼀ …

To decmprse the Hrys fireldstofindtheSsBUireetis ,
with the LieART 1912

.10969 )

「



a Decmpositims of the SU (8) fermims

,in :
sterilementring

Flwm ID ?



. Deft
'

Ut) B-r
'

nthe SU (8):

a ) t Hooft anmaty matching @ each SSB seage
C) Higgs fields that com devedp VEvs are Ulk

- neutral

. SU (8) → G44. T: ' = E-4t2x %

: 后= 3 - 4t
3 x%

Q441 →G 34E "
=

Ex: + 8Ex . Js
"
= 9
;

'
+ 8tsx.

199G 341 → G 331 xz
: Y

%
" =

%

"

了 ≥ 后
”

91iG 331 → lasm : B - L = Y2
≥ %

”

tr= t3 ⼆⼗年



. Nm - anmalms Ul ) a@ Ull ) sCharges
-⼊ 28F 8

u 'x 5by FOH8F

后 :
- 3⼗z t2t2 tt2 然

-4左

⼀义
⼀

8F
56r 28 Hin 564

T3 :
- 3t

3
⼗七3 + 2t3 ⼀t3

…

. 28F 5GF 56H tH. C ,

56H7 - … > ( 1 , 5 ,t 号在④ [( 1
,3,坊在 ”④ (1 ,5,

号 — ~

后
"
: +tz f七z ⼗三

3
”

: t2t3
+2t

3
+<t3

56 re hasno telby- neutral cmponenes, hence
280 te.c .



Foe mlyCmtains the EWSB Cmponents,

FQeO (4 , 4 , t{ )+ ④ (4 , 4, - { 在 --

> ( 1 , z ,t {
"
④ ( 1 , 2, - {在" ⇒ ( 1, 2, + { 在

"
is

⼀
⼀

3~L
=

0 B-L= -2
the Sm bhygs dmblef

Yukawa ; > - - > (
5 , 1
,- 颜 @ (

3
,
2 ,艺tou给准后 Q, z,率的⼀
(te ,b)T

@ tree -teved :SmHysdmbletof z,thk"mly gives the

top querle merss
.

⇒ 28F mlycmtuins the Cte , hu) , 在
C
, IaC ( 3

rd

generatim )

(
st/2

nd
generatims ot Cuc

,
du )
, CCu ,Su)UnC ,Cn , enC , MnC

are in the56F



. The flown - unified SUca) themy Cmtains Sterile neutrins ,

e . g .

,. inSFTX
8
zof SUC8

,

2f oopies of na,N, N
"

. Ony right-hundedsterilenentrins frm the 28 :. & 56r ,

they obtain Dirae masses with thein Left-handala.' a"

. Masses of the remaining 23 NEN,N ,NM
?

W
.
O

, any detail

of the seesan mechs and for Weinberg op' , they cannot he

mnssive above theEWscale ,bhy 4Hooff anomalymatching
S . t . UNEn- -uLP:



. Summary
1 . The Hyys seotm f SU (8): 8nn ④ 28H

,

x ④ FQ
. ④ 6凹

VIAPttpEs : 4: Foy
)

. t…tH . c.

2
.

# of
"

maes less
" sterile neutrinss Cumtel precusely .

3
.

Nom-trivial embedding
sf threegenerat'imal

San fermins
7flarmum-miversality unden theheavy G44 , Q G34

flavor - conserving nentral GBs ,
e
. g ,

in the SULE) toy
nodel ( 2209 . 11446)



. Dutlook

I
.

SUis themmy AF flawor-omifined therry ( G . = - 9)

2
.
The mext - minimal theory ? Framptms SUC) I 1980, 20097;

9x Since 前 84:- 84F 80e 844 leads to

cuppressed topquarkYukawaompling
3 .Myproposal : 5 ×后④SE了④ I5

两zFFsramk-2 IAEFS

4.
The ultimale goal : Sm fermi'mmasses I gungeompling

unuficateon I phensimplocatim .


