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SU(5) GUT (Grand Unified Theory)

- Force unification - Charge quantization

- too early !

We want to explain SU(5) nature of fqy while
suppressing proton decay



Fake GUT
- Fake GUT : (M.Ibe, et al. (2019, 2022) )

. Another way which explain SU(5) nature of fou
while suppressing proton decay

Even if gop's and lgy's are not embedded into the
same multiplets at the high energy,

gsm S and lgy's form the
at the low energy



ex : SU(B) Fake GUT

- Fermions: chiral 5, 10

general feature of the fake GUT



ex : SU(B) Fake GUT

- Fermions: chiral 5, 10

|

In the SU(5) GUT, all fg\'s are contained in 5 and 10.



ex : SU(B) Fake GUT

- Fermions: chiral 5, 10

/

In the fake GUT, fsu's can be contained in
vector-like fermions.



ex : SU(B) Fake GUT

- Fermions: chiral 5, 10

- Extreme case

C CIEH)
SH_(LEH

5 =(6_15H)
7 \Lsy



ex : SU(B) Fake GUT

- Fermions: chiral 5, 10

- Extreme case _

,,,,,, @) _
g LSM (E 51{)
(ZSH) massive

~~~~~~~~~~~ ( ) dsm (€ 5)
~\ L.

- Loy and dgy form 5 even if their origins are different

. This is achieved as long as chiral SU(5) fermions exijst



ex : SU(B) Fake GUT

- If origins of Lgyy and dgy are different,

- Generally, Loy (dgy) = cos8 - Lz, (dz) — sin 8 - Lz (dzy)

- Proton decay is suppressed by mixing angles
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Fermions in the SU(5) x U(2), model

- Chiral fermions 5,10 (x3) : SU(5) multiplets

- Vector-like fermions Ly ,Ly (x3): SU(2), doublets

ey, ey (x3):SUQ2), singlets

- SM quarks € 5, 10

- SM leptons = Ly, ey



Breaking of SU(5) xU(2), Symmetry

: SU(3) 1 ( SU(2) 1 1 ( U(1)

csui) | | csue || SY@n || s || YD
\_ 1 _J \_ )1\ y, \_
[ SU(3). } [ SU(2), } { u(1), }

As a result,

L= and Ly (é;, and &) have same charges as Lgy (sy)



SM fermions

. Quark components (one generation)

dsM = 950r 10

. Lepton components (one generation)
(Lg) B (cos 0, )(LM) (510) B (cos 05 )(éM)
Ly;) \sinf, cos@, ! eéy/) \sinB; cosB;

Lz = X Loy + -+
Protons can decay due to > >M

—

_ €10 = X egm T -



Proton decay
Diagram (p — nlet)

—u > u}no
P = UMUC
d X e’

Lifetime (p - V)

——

1
7(p - nle™) = 10%° (



Multiple flavors
- Conventional SU(5) GUT

gsm'S and lgy's of same gen — same SU(5) multiplets

Decay into same gen —— ex.t(p » nle?) <1(p » nut)

- Fake GUT

gsm S and lgy's are contained in different multiplets

: . L§1 = —sin @ X 4+ ...
One situation : = !

6_10,1 = —sinf X T -

—



Proton decay (flavor mixing)

SK

HK
P

T N | :4"

p—n+pt

p—n+et

K+‘17 p— K '+

Ls, = —sinf X

KO,U+ p— K% +put

KOe+ p KOtet

—sin 6 X + .-

TV poant+0

p— 70 +put

p—nl+et

1
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The fake GUT can make the different prediction

than the conventional GUT
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3. Summary

Fake GUT explains SU(5) nature of SM fermions while
suppressing proton decay

The predictions of the nucleon decay are different
from those in the conventional GUT



BACK UP



Definition of the fake GUT

Symmetry breaking

SUGB)xH | —— SM

- Cartan of SU(5) o Cartan of ( SU(3)., SU(2),, U(1)y)

- Fermions Chiral 5,10

Vector-like H,H (under SU(5) xH)

* (Some of SU(3),, SU(2), and U(1), may be diagonal
subgroup of SU(5) X H)



Definition of the fake GUT

Symmetry breaking

SUGB)xH | —— SM

Fermions
In the SU(5) GUT, all fy's are

Chiral fermion( 5,10 contained in 5 and 10.

Vector-like fermion H,H



Definition of the fake GUT

Symmetry breaking

SUB)XH| —m——— SM
Fermions
Chiral 5,10
Vector-like ( H,H

n the fake GUT, fou's can
e contained in vector-like

fermions.



Scalar in the SU(5) xU(2),; model

) ¢2 : (512;_1/2)
0 0 0 v 0
<¢2> — (O 0 0 ’ pz v,
SU'(B) SUEZ)
su@) | [ su@ [«
c SU(bH) c SU(b) SU2)y
\_ 1 J J \_ J
' Su@), | su@), |

)}SU<2>H




Origin of SM fermions
- Lagrangian

L = mLLHLH+/1L5qb2LH+meeHeH+ eHgbquz 10

A

. L components (one generation)

Ly (ALv, my) (ii) = Lu (M 0) (fsﬂzd)

LE) cos 6 ( Ly ) . my
— tan @ =
(LH (sin v, cos 6 ) LSM AL (%)

- The same argument is made for the e conponents




SUG) xU(2); model

Yukawa interactions

We consider a case one SM Higgs remains in the
low energy.

hgolor
Scalar containing Hs:(51,0) Hs = ( pSM )
the SM nggS H, : (1’ 2, 1/2) H, = th
nggS mIXIHg tel’m £52 mix — ‘lel'xH2¢2H§ + h.c.
hM = cos ), hsM — sin 6, heM



SUG) xU(2); model

Yukawa interactions

Lyo =—s)i; 5; 10; HE — (¥10);; 10; 10; Hs + h.c.

Ly, = _(yLE)ij Ly ey HS + h.c.

a")ij = —sin 6y (y10)i;

(ng)ij = —sinfy (J’s)ij

(ve™)ij = cos O, (yip)ij +0(6.,0g) sin By (vs);;



Gauge couplings

Gauge couplings
1 _1 3
1 (My) = a5 (My) + < “ a (My)
a;'(My) = az*(My) + az5(My)

“3_1(MX) = as_l(MX)

60

50 |-

40 -

i1 |
23456789101112131415161718
logyo(p/GeV)

M PP = 10144 GeV



Proton decay (flavor mixing)
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Proton decay (flavor mixing)

—sin 6 X

—sin 6 X
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Proton decay (flavor mixing)
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