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' Standard Model
SU(3) xSU(2) x U(1) gauge theory

« Higgs boson has been discovered

— We understand the origins of the quark, lepton Z, W masses !

« Quarks & Leptons in the Standard Model

SU(3) SU(2) U(1)
1,2,3 UZ'2'3
g’ = 123 3 2 1/6
UZ?,Z,.? 3* _ _2/3
D}*” 3" _ 1/3 X 3-generations
I =(ZLL) - 2 -1/2
E R - - 1

— They look complicated and not very beautiful...



Miraculous Unification

' SU(3)xSU(2) xU(1) gauge theory — SU(5) gauge theory?

(Minimal embedding into a non-abelian group)

' Quarks & Leptons are also unified into two representations!

D) (o U -0 U D
Dy U o U U D
W(5*)= | D3 P(10)= | U; -Ur o0 U D
A ~U. Ul -Ul 0 E
\L{ ) \—DZ -Df -D} -Ex 0

X 3-generations

It should not be an accident!



Deterioration...

' Gauge coupling constants tend to unify but not very precise...
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' Too rapid proton decay

L~ 9 151045 10)+ (510)* (10 10)]
Mgur?

T(p— e+m%) ~ 1026 years x (MGur/gcur/1074GeV)?
o T(p—e+md) > 1.6 x 1034 years (90%CL) [SK2017]

Are we missing something ?



Conventional wisdom
= New charged particles below the GUT scale

' Better unification
« Higher unification scale Mgur > 106GeV

— proton lifetime is long enough!

Best Example = Supersymmetry !
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A twisted way of thinking ?

Fact:
Quarks&Leptons perfectly fit into the representations of SU(5).

Does this mean that Quarks & Leptons should be unified into
the SU(5) representations ?

If not, what is the generic theory behind the Standard Model
which explains the seeming unification of Quarks & Leptons ?

— Fake GUT ?



Fake GUT ?

Why SU(5) is successful ?

' Y(5%) + Y(10) fermions cannot obtain masses due to the mismatch
between the gauge charges and their chiralities !

[mass term of the fermions requires the fermion with the same chirality
but with opposite gauge charges ]

As aresult, all the fermions in Y(5*) + Y(10) do not obtain masses
at the GUT scale — They result in the Quarks&Leptons in the SM.

« Any GUT models in which the charge-chirarily mismatch happens only
for SU(5) Y(5%) + Y(10) predict the Quarks&Leptons which apparently fit
into Y(5%) + Y(10).

In general, however, it does not mean that Quarks&Leptons are actually
embedded in Y(5*) + Y(10) in the GUT model!



Fake

Example : SU(5) x U(2)hn model

GUT ?

®=75(00000)

« Gauge coupling non-unification is consistent !

(o))
o

SU(5)xU(2)

N

SU(3)xSU(2)x U(1)

Resolutlon [cm]

9 -2 27 31
10 °10'11016°16™16716° 16710

1/coupling constant

o1
C.)

N
Q

w
C.)

N
C.)

&)

102 165 167 105 10°%10%1d%10%108
Energy [GeV]

1/g:12=1/gcur? + 3/(5914+?)
1/922=1/gcur? + 1/(92+?)
1/932=1/g6ur?)

1/g1,22 > 1/g32is predicted
Mgur =10'4GeV

Moderate unification is explained
for gin,2n >> gs



Fake GUT ?

. 1 000wvO0
Example : SU(5) x U(2)y model () = 7 ( 00 o )
' Leptonis not necessarily in Y(5*) + Y(10) in the presence

of massive U(2)n charged particles.
_ _ _ A
L=mi;LgLyg + \tLg®5 + mgEgFEgy - AE EH:[O(I)T(I)T
cut

(i) mye >> GUT scale — Quarks & Leptons in Y(5*) + ¢(10)
(ii) me << GUT scale — Quarks in ¢(5*) + Y(10), Leptonsin Ly , En

Even for the case (ii), the model predicts the low energy fermions
which fits in Y(5%) + Y(10) of SU(5)
= Fake matter unification !

/' Proton decay rate is suppressed by (m/GUT scale)?

« p—m’+etis not necessarily the main mode.
(e.g. p =m0 + ut can be the main mode!)



Summary

' Quarks & Leptons in the SM miraculously fit into Y¢(5¥) + Y(10)
— In conventional GUT, Quarks & Leptons are embedded in Y(5¥) + Y(10)

« Any GUT models in which only the charge-chirarily mismatch happens
to SU(5) Y(5%) + Y(10) predict the Quarks&Leptons which apparently fit
into Y(57) + Y(10).

= FAKE GUT!

' In Fake GUT, the gauge coupling unification is not predicted although
Qaurks&Leptons inevitably fit into Y(5%) + Y(10).

' As the matter unification is FAKE, the proton decay rate and the branching
ratios are controlled by additional parameters such as the mass
parameters of other vector-like fermions.



