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SU(5) GUT (Grand Unified Theory)
Charge quantization・

Proton decay

Force unification

SM fermions (𝒇𝐒𝐌) appear to have been unified 
into "𝟓 and 𝟏𝟎 of SU(5) : SU(5) nature

・

・

・ too early !

We want to explain SU(5) nature of 𝑓#$ while 
suppressing proton decay
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Fake GUT 
( M.Ibe, et al. (2019, 2022) )

Even if 𝑞#$ʼs and 𝑙#$ʼs are not embedded into the 
same multiplets at the high energy,
𝑞#$ʼs and 𝑙#$ʼs form the apparently complete SU(5) 
multiplets at the low energy

Fake GUT : ・

Another way which explain SU(5) nature of 𝑓#$
while suppressing proton decay

・

・
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ex : SU(5) Fake GUT 
)5, 10chiral vector-like 𝟓𝑯, "𝟓𝑯Fermions : ・

general feature of the fake GUT
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)5, 10chiral vector-like 𝟓𝑯, "𝟓𝑯Fermions : ・

In the SU(5) GUT, all 𝑓#$ʼs are contained in )5 and 10.

ex : SU(5) Fake GUT 
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)5, 10chiral vector-like 𝟓𝑯, "𝟓𝑯Fermions : ・

In the fake GUT, 𝑓#$ʼs can be contained in 
vector-like fermions.

ex : SU(5) Fake GUT 
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5& =
𝑑'&
)𝐿'&

)5 = 𝑑̅('
𝐿('

)5& =
𝑑̅('&
𝐿('&

)5, 10chiral vector-like 𝟓𝑯, "𝟓𝑯Fermions : ・

Extreme case ・

ex : SU(5) Fake GUT 



10

𝐿#$

𝑑̅#$

(∈ )5&)

(∈ )5)

𝑑'&
)𝐿'& "𝒅(𝟓

𝐿('

𝑑̅('&
𝑳(𝟓𝑯

massive massless

)5, 10chiral vector-like 𝟓𝑯, "𝟓𝑯Fermions : ・
Extreme case ・

・ 𝐿#$ and 𝑑̅#$ form )5 even if their origins are different 

ex : SU(5) Fake GUT 

・ This is achieved as long as chiral SU(5) fermions exist



11

𝑑
𝑢
𝑢

𝑝
𝑒*
𝑑+
𝑑

𝜋,

𝑋

ex : SU(5) Fake GUT 
・ If origins of 𝐿#$ and 𝑑̅#$ are different,

Proton decay is suppressed by mixing angles ・

・ Generally, 𝐿#$ (𝑑̅#$) = cos 𝜃 = 𝐿('& (𝑑̅(')− sin 𝜃 = 𝐿(' (𝑑̅('&)
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SM leptons ≈ 𝐿&, 𝑒̅&・

SM quarks ∈ )5, 10・

13

Fermions in the SU(5)×U(2)H model
)5 , 10 (×3) : SU(5) multipletsChiral fermions・

Vector-like fermions・ 𝐿& , )𝐿& (×3) : SU(2)H doublets

𝑒& , 𝑒̅& (×3) : SU(2)H singlets



SU(3)
⊂ SU(5)

SU(3)c

SU(2)H
SU(2)
⊂ SU(5)

SU(2)L U(1)Y

U(1)
⊂ SU(5) U(1)H
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Breaking of SU(5)×U(2)H Symmetry 

As a result, 
𝐿(' and 𝐿& (𝑒̅-, and 𝑒̅&) have same charges as 𝐿#$ (𝑒̅#$)
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SM fermions

𝐿!"
𝐿#

= cos 𝜃$ −𝐬𝐢𝐧𝜽𝑳
sin 𝜃$ cos 𝜃$

𝐿&
𝑳𝐒𝐌

,

Lepton components (one generation)・
𝑒̅)*
𝑒̅#

= cos 𝜃,̅ −𝐬𝐢𝐧𝜽-𝒆
sin 𝜃,̅ cos 𝜃,̅

𝑒̅&
1𝒆𝐒𝐌

Protons can decay due to 
𝐿(' = −𝐬𝐢𝐧𝜽𝑳 × 𝐿#$ +⋯
𝑒̅-, = −𝐬𝐢𝐧𝜽0̅ × 𝑒̅#$ +⋯

Quark components (one generation)・
𝑞#$ = 𝑞(' 12 -,
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Proton decay
Diagram 𝑝 → 𝜋!𝑒"・

Lifetime 𝑝 → 𝜋!𝑒"・

𝜏 𝑝 → 𝜋,𝑒* ≅ 1034
1

𝐬𝐢𝐧𝟐 𝜽
⁄𝑀6 𝑔'

10-7 GeV

7

yrs

𝑢
𝑢
𝑑

𝑝
𝑒*
𝑢+
𝑢

𝜋,

𝑋 ∝
𝐬𝐢𝐧𝜽
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Multiple flavors
Conventional SU(5) GUT・

One situation :

Fake GUT・

𝑞#$ʼs and 𝑙#$ʼs of same gen same SU(5) multiplets

Decay into same gen ex. 𝜏 𝑝 → 𝜋*𝑒/ < 𝜏 𝑝 → 𝜋*𝜇/

𝑞#$ʼs and 𝑙#$ʼs are contained in different multiplets

𝐿(',- = −sin 𝜃 × 𝑳𝐒𝐌,𝝁 +⋯
𝑒̅-,,- = −sin 𝜃 × )𝒆𝐒𝐌,𝝁 +⋯



Proton decay (flavor mixing)

The fake GUT can make the different prediction 
than the conventional GUT

𝐿(',- = −sin 𝜃 × 𝑳𝝁 +⋯

𝑒̅-,,- = −sin 𝜃 × )𝒆𝝁 +⋯

SK HK
𝜂𝜇!

𝜂𝑒!

𝐾!𝜈̅
𝐾"𝜇!

𝐾"𝑒!

𝜋!𝜈̅
𝝅𝟎𝝁!

𝜋"𝑒!
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The predictions of the nucleon decay are different 
from those in the conventional GUT 

・

20

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

・

3. Summary



BACK UP
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SM
Symmetry breaking

SU(5)×H

Cartan of SU(5) ⊃ Cartan of ( SU(3)c , SU(2)L , U(1)Y )・

(Some of SU(3)c , SU(2)L and U(1)Y may be diagonal 
subgroup of SU(5)×H)

・

・

・ Fermions Chiral   )5, 10
Vector-like   𝐻, "𝐻 ( under SU(5)×H )

22

Definition of the fake GUT 



SMSU(5)×H・

・ Fermions
Chiral fermion   )5, 10

Vector-like fermion   𝐻, "𝐻
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In the SU(5) GUT, all 𝑓#$ʼs are 
contained in )5 and 10.

Symmetry breaking
Definition of the fake GUT 



SMSU(5)×H・

・ Fermions
Chiral   )5, 10

Vector-like    𝐻, "𝐻

24

In the fake GUT, 𝑓#$ʼs can 
be contained in vector-like 
fermions.

Symmetry breaking
Definition of the fake GUT 



SU(3)
⊂ SU(5) SU(2)H

U(1)Y

U(1)
⊂ SU(5)

SU(2)
⊂ SU(5)

SU(3)c

U(1)H

SU(2)L

𝜙# = 0 0 0 𝑣# 0
0 0 0 0 𝑣#

SU(3) SU(2)

SU(2)H
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𝜙# ∶ (5, 2, −1/2 )

Scalar in the SU(5)×U(2)H model
・
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)𝐿& 𝜆:𝑣3 𝑚:
𝐿('
𝐿&

= )𝐿& 𝑀: 0 𝐿;
𝐿#$

ℒ = 𝑚: 𝐿& )𝐿& + 𝜆: )5 𝜙3)𝐿& +𝑚0 𝑒& 𝑒̅& +
𝜆<
Λ
𝑒& 𝜙3

=𝜙3
= 10

Origin of SM fermions

𝐿('
𝐿&

= cos 𝜃 −sin 𝜃
sin 𝜃 cos 𝜃

𝐿;
𝐿#$

tan 𝜃 =
𝑚:

𝜆: 𝑣3

Lagrangian・

𝐿 components (one generation)・

The same argument is made for the 𝑒̅ conponents ・



Yukawa interactions
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𝐻' ∶ (5, 1, 0 )

𝐻3 ∶ (1, 2, 1/2 ) 𝐻3 = ℎ3>;

𝐻' =
ℎ'+?@?A

ℎ'>;Scalar containing 
the SM Higgs

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

Higgs mixing term ℒ'3 BCD = 𝜇BCD𝐻3𝜙3𝐻'∗ + ℎ. 𝑐.

ℎ>; = cos 𝜃F ℎ3>; − sin 𝜃F ℎ'>;

SU(5)×U(2)H model



Yukawa interactions
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ℒG: = − 𝑦:< CH 𝐿&C 𝑒̅&H 𝐻3∗ + ℎ. 𝑐.

ℒGI = − 𝑦' CH )5C 10H 𝐻'∗ − 𝑦-, CH 10C 10H 𝐻' + ℎ. 𝑐.

𝑦J>; CH = −sin 𝜃F 𝑦-, CH

𝑦K>; CH = −sin 𝜃F 𝑦' CH

𝑦0>; CH = cos 𝜃F 𝑦:< CH + 𝒪(𝜃:𝜃<) sin 𝜃F 𝑦' CH

SU(5)×U(2)H model



Gauge couplings

𝛼-L-(𝑀6) = 𝛼'L-(𝑀6) +
3
5
𝛼-&L-(𝑀6)

𝛼3L-(𝑀6) = 𝛼'L-(𝑀6) + 𝛼3&L-(𝑀6)

𝛼ML-(𝑀6) = 𝛼'L-(𝑀6)

𝑀6
NOOPA ≅ 10-7.7 GeV

Gauge couplings



Proton decay (flavor mixing)

𝐿(',- = −sin 𝜃 × 𝑳𝒆 +⋯

𝑒̅-,,- = −sin 𝜃 × )𝒆𝒆 +⋯

SK HK
𝜂𝜇!

𝜂𝑒!

𝐾!𝜈̅
𝐾"𝜇!

𝐾"𝑒!

𝜋!𝜈̅
𝜋"𝜇!

𝝅𝟎𝒆!



Proton decay (flavor mixing)

𝐿(',- = −sin 𝜃 × 𝑳𝝁 +⋯

𝑒̅-,,- = −sin 𝜃 × )𝒆𝝁 +⋯

SK HK
𝜂𝜇!

𝜂𝑒!

𝐾!𝜈̅
𝐾"𝜇!

𝐾"𝑒!

𝜋!𝜈̅
𝝅𝟎𝝁!

𝜋"𝑒!



Proton decay (flavor mixing)
SK HK

𝜂𝜇!

𝜂𝑒!

𝐾!𝜈̅
𝐾"𝜇!

𝑲𝟎𝒆!

𝜋!𝜈̅
𝜋"𝜇!

𝜋"𝑒!

𝐿(',3 = −sin 𝜃 × 𝑳𝒆 +⋯

𝑒̅-,,3 = −sin 𝜃 × )𝒆𝒆 +⋯


