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Introduction of the SU(5) GUT

10 =

0 $𝑢! −$𝑢" 𝑢# 𝑑#
−$𝑢! 0 $𝑢# 𝑢" 𝑑"
$𝑢" −$𝑢# 0 𝑢! 𝑑!
−𝑢# −𝑢" −𝑢! 0 �̅�
−𝑑# −𝑑" −𝑑! −�̅� 0

$5 = �̅�# �̅�" �̅�! 𝑒 −𝜈 ,𝑄 = 𝑢
𝑑

𝐿 = 𝜈
𝑒

$𝑢 �̅� �̅�

just enough!

Goal : force unification and charge quantization
by a single group

Why was the SU(5) selected ?
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A mysterious fact in the SM

10 =

0 $𝑢! −$𝑢" 𝑢# 𝑑#
−$𝑢! 0 $𝑢# 𝑢" 𝑑"
$𝑢" −$𝑢# 0 𝑢! 𝑑!
−𝑢# −𝑢" −𝑢! 0 �̅�
−𝑑# −𝑑" −𝑑! −�̅� 0

$5 = �̅�# �̅�" �̅�! 𝑒 −𝜈 ,𝑄 = 𝑢
𝑑

𝐿 = 𝜈
𝑒

$𝑢 �̅� �̅�
remarkable!

There are many models composed of chiral fermions with 
SM gauge charges, which do not satisfy this property.

R. Foot et al., PRD 39 (1989) 

Fake GUT !
Why is the above structure unified into !𝟓, 𝟏𝟎 realized ? 
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Position of the fake GUT

Different framework from GUT where 𝑓!"ʼs are 
unified into common multiplets at the HE.

“Fake” means the fake GUT explains the SM matter 
structure as well as GUT, but this is not GUT.

Fake GUT

SM

SU(5) GUT

goal (top-down)
motivate (bottom-up)
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What is Fake GUT ? 

fermions 

&5, 10chiral 

𝑯, !𝑯vector-like

SM fermions at the HE

Not necessarily embedded into &5, 10

can be embedded into 𝐻, !𝐻

Even if 𝑓!"ʼs are not embedded into &5 and 10 at the HE, 
only 𝑓!"ʼs remain automatically at the LE. 
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(Fake GUT, G=SU(5) )
How SM fermions, 𝑓!", remain at the low energy

&5, 10chiral vector-like 𝟓𝑯, !𝟓𝑯Fermions
�̅�!" or 𝐿!" can be 
contained in &5$

𝐿$%

�̅�$%

(∈ $5&)

(∈ $5)

𝑑'&
$𝐿'& �̅�('

𝐿('

�̅�('&
𝐿('&

massive

massive

massless

massless

simple case
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How SM fermions, 𝑓!", remain at the low energy

𝑀%& + 24$ = 𝑑𝑖𝑎𝑔(𝑣, 𝑣, 𝑣, 0, 0),
𝑀%' + 24$ = 𝑑𝑖𝑎𝑔(0, 0, 0, 𝑣, 𝑣)

previous simple case, 

−ℒ()** = 5$ 𝑀%& + 24$ &5$ + 5$ 𝑀%' + 24$ &5
= 𝑣 𝑑%$ �̅�+%$ + 𝟎 × &𝐿%$ 𝐿+%$ + 𝟎 × 𝑑%$ �̅�+% + 𝑣 &𝐿%$ 𝐿+%

In this time, 

−ℒ()** = 𝟓𝑯 𝑀%& + 24$ !𝟓𝑯 + 𝟓𝑯 𝑀%' + 24$ &5
Mass term 
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How SM fermions, 𝑓!", remain at the low energy

Even if 𝒇𝐒𝐌ʼs are not embedded into !𝟓 and 𝟏𝟎 at the 
high energy, only 𝒇𝐒𝐌ʼs remain automatically. 

−ℒ()** = 𝑣 𝑑%$ �̅�+%$ + 𝟎 × &𝐿%$ 𝐿+%$ + 𝟎 × 𝑑%$ �̅�+% + 𝑣 &𝐿%$ 𝐿+%

𝐿!"

�̅�!"

(∈ &5$)

(∈ &5)

𝑑%$
&𝐿%$ �̅�+%

𝐿+%

�̅�+%$
𝐿+%$

massive

massive

massless

massless



Proton decay in the Fake GUT
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𝑢

𝑢

𝑑

𝑝

𝑒.

𝑢/

𝑢
𝜋0

𝑋

𝑝 → 𝜋0 + 𝑒.

If the quarks and leptons have the completely different 
origin, 

Proton does not decay.
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The case of mixing

𝑀%& + 24$ = 𝑑𝑖𝑎𝑔(𝑣, 𝑣, 𝑣, 𝛿, 𝛿), 
𝑀%' + 24$ = 𝑑𝑖𝑎𝑔(0, 0, 0, 𝑣, 𝑣)

Consider the more general case,

−ℒ()** = 5$ 𝑀%& + 24$ &5$ + 5$ 𝑀%' + 24$ &5
= 𝑣 𝑑%$ �̅�+%$ + 𝛿 × &𝐿%$ 𝐿+%$ + 0 × 𝑑%$ �̅�+% + 𝑣 &𝐿%$ 𝐿+%

In this time, 

�̅�+% = �̅�!"
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The case of mixing

Even in the mixing case (𝑳+𝟓 - 𝑳+𝟓𝑯),
only 𝒇𝐒𝐌ʼs remain automatically.

Proton can decay (∵ 𝐿+% ∋ 𝐿!"). 

−ℒ2 ()** = 𝑣 &𝐿%$ 𝐿+% + 𝛿 × &𝐿%$ 𝐿+%$

= &𝐿%$ 𝑣 𝛿
𝐿+%
𝐿+%$

= &𝐿%$ 𝑀 𝟎
𝐿3
𝑳𝐒𝐌

Mass terms of 𝐿 component

Fate of the proton (�̅�+%, 𝑄40, &𝑢40 = SM quarks)

𝑂56789:; ∝ �̅�+%
< &𝑢40

< 𝐿+% 𝑄40 ∋ sin 𝜃 × �̅�!"
< &𝑢!"

< 𝐿!" 𝑄!"
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The case of mixing

different predictions of proton decay from SU(5) GUT 
(∵ generation mixing, e.g. 𝑳+𝟓,𝟏 ∋ 𝑳𝐒𝐌,𝝁).

−ℒ2 ()** = 𝑣 &𝐿%$ 𝐿+% + 𝛿 × &𝐿%$ 𝐿+%$

= &𝐿%$ 𝑣 𝛿
𝐿+%
𝐿+%$

= &𝐿%$ 𝑀 0
𝐿3
𝐿!"

mass terms of 𝐿 component

generally
&𝐿%$,@ 𝑀@A 𝑀@B

C 𝐿+%,A
𝐿+%$,B

= &𝐿%$,@ 𝑀@𝛿@A 0 𝐿3,A
𝐿!",B

Generally,



Proton lifetime

Note that proton lifetime depends on size of mixings 
and proton decay is not necessarily invisible in the HK.

( &5, 10 ∋ SM quarks,  𝐿+%,4 (�̅�40,4) ∋ 𝐿!",D (�̅�!",D) )

black : SK constraint
yellow : HK prospect

𝑝 → 𝜋0 + 𝜇.

M. Ibe et al., JHEP 07 (2022) 087
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3. Conclusion
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・ ΓE:F8 GHI 𝑝 → 𝐴 +⋯ ≠ Γ9JKL8KMNJK:O GHI 𝑝 → 𝐴 +⋯ ,
ΓE:F8 GHI 𝑝 → 𝐴 +⋯
ΓE:F8 GHI 𝑝 → 𝐵 +⋯

≠
Γ9JKL8KMNJK:O GHI 𝑝 → 𝐴 +⋯
Γ9JKL8KMNJK:O GHI 𝑝 → 𝐵 +⋯

At LE

𝑄 = 𝑢
𝑑 𝐿 = 𝜈

𝑒
&𝑢 �̅� �̅�

At HE
&5, 10

�̅� 𝑄 &𝑢
𝐻, !𝐻
�̅�𝐿

・

Letʼs consider without being deceived by the appearance 
of the matter unification.  



THANK YOU 
FOR YOUR 
ATTENTION!
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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 fermion   &5, 10
Vector-like fermion   𝐻, !𝐻 ( under SU(5)×H )

20

Definition of the fake GUT 



SMSU(5)×H・

・ Fermions
Chiral fermion   &5, 10

Vector-like fermion   𝐻, !𝐻

21

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 fermion   &5, 10

Vector-like fermion   𝐻, !𝐻

22

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

Symmetry breaking
Definition of the fake GUT 
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An example of anomaly-free chiral fermion set
R. Foot et al, PRD 39 (1989) 3411-3424 

SU(3)c

SU(2)L

U(1)Y

3

&3

𝑄4

⁄−1 3

𝑄P

⁄5 6

3

2

𝑄Q

2

3

⁄−1 6

𝑄R

1

&3

⁄−1 3

𝐿4

1

1

3

𝐿P

⁄−3 2

1

2

𝐿Q

⁄−1 2

1

2

𝐿R

1

1

1

Above chiral fermion set cannot be embedded into &5 and 10.



𝑢

𝑢

𝑑

𝑝

𝑒.

𝑢/

𝑢
𝜋0

𝑋
∝
sin 𝜃

Diagram of proton decay 𝑝 → 𝜋# + 𝑒$
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If 𝐿+% and �̅�40 contain sin 𝜃 𝐿!" and sin 𝜃 �̅�!" respectively,



𝜏 𝑝 → 𝜋0 + 𝑒. ≅ 5 × 10PS
1

sinP 𝜃
⁄𝑀T 𝑔%

104R GeV

R

yrs

25

due to  𝜏 𝑝 → 𝜋0 + 𝑒. > 2.4 × 10QR yrssin 𝜃 ≲ 106R

A. Takenaka et al. (SK collaboration) PRD102, 112011 (2020) 

Proton lifetime 
(𝐿+%,4 and �̅�40,4 contain sin 𝜃 𝐿!",U and sin 𝜃 �̅�!",U )



Proton lifetime
−ℒ()** = 𝑣 &𝐿$,4 &𝐿$,P

1 0 106R 0
0 1 0 0

𝐿+%,4 𝐿+%,P 𝐿$,4 𝐿$,P
V

= 𝑣 &𝐿$,4 1 106R 𝐿+%,4 𝐿$,4
V
+ 𝑣 &𝐿$,P 𝐿+%,P

black : SK
yellow : HK



Proton lifetime

−ℒ()** = 𝑣 &𝐿$,4 &𝐿$,P
1 0 0 106R
0 1 0 0

𝐿+%,4 𝐿+%,P 𝐿$4 𝐿$,P
V

= 𝑣 &𝐿$,4 1 106R 𝐿+%,4 𝐿$,P
V + 𝑣 &𝐿$,P 𝐿+%,P

black : SK
yellow : HK



Proton lifetime

black : SK
yellow : HK

−ℒ()** = 𝑣 &𝐿$,4 &𝐿$,P
1 0 0 0
0 1 106R 0 𝐿+%,4 𝐿+%,P 𝐿$4 𝐿$,P

V

= 𝑣 &𝐿$,P 1 106R 𝐿+%,P 𝐿$,4
V + 𝑣 &𝐿$4 𝐿+%,4



As we will show later, SM leptons are mostly 
contained in 𝐿$ and &𝐸$. 

・

SM quarks are all contained in &5 and 10. ・
29

SU(5)×U(2)H model

&5 ∶ ( &5, 1, 0 ) 10 ∶ (10, 1, 0 )

&𝐿$ ∶ (1, 2, 1/2 )

&𝐸$ ∶ (1, 1, 1 )

𝐿$ ∶ (1, 2, −1/2 )

𝐸$ ∶ (1, 1, −1 )

Fermions ( SU(5), SU(2)H ,U(1)H ) 



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

30

Scalar 𝜙% ∶ (5, 2, −1/2 ) of ( SU(5), SU(2)H ,U(1)H )
SU(5)×U(2)H model



Only SM fermions remain massless at the low energy.

31

Lagrangian

�̅�+%
𝐿3

𝜙P , 𝑚2

quark

lepton
&𝐿$
𝐿

$𝐿& 𝜆)
𝑣*
2

𝑚)
𝐿('
𝐿&

$𝐿& 𝑀) 0 𝐿+
𝐿

SU(5)×U(2)H model

ℒ = 𝑚) 𝐿& $𝐿& + 𝜆) $5 𝜙*$𝐿& +𝑚, 𝐸& $𝐸& +
𝜆,
Λ
𝐸& 𝜙*

-𝜙*
- 10

(𝐸! and %𝐸! are omitted)



Mixing of lepton components

tan 𝜃 =
𝑚2

𝜆2 𝑣P

32

𝐿&'
𝐿(

= cos 𝜃 −sin 𝜃
sin 𝜃 cos 𝜃

𝐿)
𝐿

𝐿 : SM lepton 𝐿) : heavy lepton

SU(5)×U(2)H model



Yukawa interactions

33

SU(5)×U(2)H model

𝐻% ∶ (5, 1, 0 )

𝐻P ∶ (1, 2, 1/2 ) 𝐻P = ℎPW3

𝐻% =
ℎ%/XYXZ

ℎ%W3Scalar containing 
the SM Higgs

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

Higgs mixing term ℒ%P (@[ = 𝜇(@[𝐻P𝜙P𝐻%∗ + ℎ. 𝑐.

ℎW3 = cos 𝜃] ℎPW3 − sin 𝜃] ℎ%W3



Yukawa interactions
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SU(5)×U(2)H model

ℒ^2 = − 𝑦2_ @A𝐿$@ &𝐸$A𝐻P∗ + ℎ. 𝑐.

ℒ^` = − 𝑦% @A &5@10A𝐻%∗ − 𝑦40 @A10@10A𝐻% + ℎ. 𝑐.

𝑦aW3 @A = −sin 𝜃] 𝑦40 @A

𝑦bW3 @A = −sin 𝜃] 𝑦% @A

𝑦UW3 @A = cos 𝜃] 𝑦2_ @A + 𝒪(𝜃2𝜃_) sin 𝜃] 𝑦% @A



Gauge couplings

𝛼464(𝑀T) = 𝛼%64(𝑀T) +
3
5
𝛼4$64(𝑀T)

𝛼P64(𝑀T) = 𝛼%64(𝑀T) + 𝛼P$64(𝑀T)

𝛼Q64(𝑀T) = 𝛼%64(𝑀T)

𝑀T
cdd8Z ≅ 104R.R GeV

SU(5)×U(2)H model


