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Motivation
A mysterious fact in the SM
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This fact is quite remarkable!

In general, chiral fermions with SM gauge charges do not
necessarily satisfy this property.



Motivation

An example of anomaly-free chiral fermion set
R. Foot et al, PRD 39 (1989) 3411-3424
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\Votivation
A mysterious fact in the SM

0 = (Z) 5 = (dp de dg e —v),
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The SM cannot offer an explanation of this mystery.

—
M. Ibe et al. PRD100, 055024 (2019)
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2. FAKE GUT
Difference between SU(5) GUT and fake GUT

group fermions SM matters
hiral _
SU(5) SU(5) C_ e embedded into chiral 5, 10
GUT — SM 5, 10
chiral ~
fake SU(b) xH 5, 10 embedded into chiral 5, 10
GUT — SM vector can be embedded into

W, P vector ¥, Y



2. FAKE GUT

The case where y has the same charge as L after SSB
(1 generation case)

5
Limass = l/)L(Ml M) (l/jL)

L

=Y, (M; M;) (COS o —sin 9) (LM) =y, (M, 0) (L£4)

sinf cos#f L

5, : lepton component in 5 L, : heavy lepton

If 5,10,¢ and y exist at first, only SM fermions remain
massless, even if they are not embedded into 5 and 10.



2. FAKE GUT

Diagram of proton decay (p » ¥ +e™)

If 5, and 105 contain sin@ L and sin 8 e respectively,




2. FAKE GUT

Proton litfetime (5, and 10, contain sin@ L and sin6 &)

4
1 My /g
0 ~ 1026 X/ JI5
T(p-o>n’+e’) =10 sin29(1014GeV) VIS

» sinf <107* dueto t(po>m+et) > 2.4 x103* yrs

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

Actually, mass terms of fermions have generation
dependence.



2. FAKE GUT

An example of mixing of the 1st and 2nd generations
(consider SM lepton doublets case)

Limass = W1 Yr2) (Ag 1\3 8 g) (§1L g2L 1/;L1 1/;L2)T

=Y (M 5)(§1L lpLz)T + Mp;,5,;

Y1 = Le. 5,; is a heavy fermion.

5,, contains a little component of L,. (M > 6)



2. FAKE GUT

Proton lifetime (5, contains a little L, 5,; is heavy.
10, contains a little €,, 10,5 is heavy.)

LR | black : SK
ELET 1 | vellow : HK
10% 10%2 1034 10% 10%8 1040
Tp/B |year]

tp->n’+uH) <tip-on’+et)

The fake GUT can make the different
prediction than the conventional GUT.
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3. Conclusion

* |n the fake GUT, the SM fermions form 5 and 10 of SU_(5)

at the low energy even if they are not embedded into 5
and 10 of SU(5) at the high energy.

- In the fake GUT, the predictions of the nucleon decay rates
and the branching ratios are different from those in the
conventional GUT.
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FAKE GUT
Symmetry breaking

SUG)xH| —————————» SM

- SU(5) o (SUB),, SU2), U)y)

- Some of SU(3)., SU(2), and U(1)y may be diagonal
subgroup of SU(H) x H

+ Fermions Chiral fermion 5,10

Vector-like fermion v,y



FAKE GUT
Symmetry breaking

SUGB)xH | —— SM

Fermions In the SU(5) GUT, all
Chiral fermion( 5,10 ) the SM fermions are

| | ~ contained in 5 and 10.
Vector-like fermion y,y



FAKE GUT

Symmetry breaking
SU(B)xH | —— SM

Fermions
Chiral fermion 5,10

Vector-like fermion ( y,y

In the fake GUT, the
SM fermions can be
contained in vector-
like fermions.



SU(5) x U(2), model
Fermions ( SU(5), SU(2)y,U(1)y)
5:(5,1,0) 10 : (10,1,0)
Ly:(1,2,-1/2)  Ly:(1,2,1/2)

E,:(1,1,—-1) E,:(1,1,1)

- As we will show later, SM leptons are mostly
contained in Ly and Ey.

- SM quarks are all contained in 5 and 10.



c SU(H)

r N
SU(3)

SU((5) x U(2)y model
Scalar ¢, : (5,2,—1/2) of ( SU(5), SU(2),,U(1),)

J

]

[ SU(3). J

(0 0 0 v, 0}
<¢2> — (O 0 0 ’ p Uz) SU<2>|—|
SU(3) SU(2)
( SU(Z) N\ ) a4 U(l)
c SU(5) SUQ@)s c SU(5)
\_ _J \_ _J \_
su@), |




SU(5) x U(2), model
Lagrangian

_ _ _ 2
L= mLLHLH+/1L5¢2LH+mEEHEH+XEEH Tl 10

(Ey and Ey are omitted)l

_ v 5. - L
Ly (AL\/-E mL)(LH) > Ly (M, 0)(111\4)
Only SM fermions remain massless at the low energy.
53 > quark
Ly I

H
(D), my L . lepton



SU(5) x U(2), model

Mixing of lepton components

L : SM lepton L, : heavy lepton

my

() = (30 smoy(bw)y o=



SU(5) x U(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 — ‘uml’xH2¢2H§ + h.c.
hM = cos ), hsM — sin 6, heM



SU(5) x U(2), model

Yukawa interactions

Lyo = —(¥5)i;5; 10;H: — (y10);;10;10,Hs + h.c.

Ly, = —(ie)ijLuiEnjH; + h.c.

i")ij = —sin Oy (y10)i;

(ng)ij = —sinfy (J’s)ij

(ve™)ij = cos O, (yip)ij +0(8.6g) sin By (vs);;



SU((5) x U(2)y model

60

Gauge couplings

50

—1 -1 3 4
a; - (My) = as™(My) + ¢ ayf (My)

5 20 F
ay' (My) = as* (My) + azi (My) T !
log,o(p/GeV)
-1 _ -1
as; (My) = as (My) gin(My) ~goy(My) > gs(My)

M, ~ 1014715 GeV



SU((5) x U(2)y model

Proton lifetime

I
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SU((5) x U(2)y model

Proton lifetime

| J |
p—=n+pt I

p—on+et |

p—o K 4+ I

p— KO+ ut I

p—>KO+et I

port 4+ I

p— 7’ +put I

p—nd+et ':
| L | ] | U,

| ! | !
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Tp/ B |year]

Linass = (1/JL1 l/JLz) (I\g 1\(; 8 10_4M) (51L 52L 1/1L1 l/)LZ)




SU((5) x U(2)y model

Proton lifetime

I
pontpt

p—on+et

p—> Kt +b

p— K% +pt

p— K% +et
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SU(5) x SU(3), model
Fermions( SU(5), SU(3), )

5:(5,1) 10 : (10, 1)
Ly :(1,3) Lr: (1,3)
Ly = (Ly EH) Ly = (ZH Ey)

- As we will show later, SM leptons are mostly
contained in Ly and Ey.

- SM quarks are all contained in 5 and 10.



SU(5) x SU(3),; model
Scalars

A:(1,8), SU<3>H — SU<2)H XU<1>H

®2:(5,3), SUB)xSU@R),xU(1), — SM

UA O O O O O v3 O
(A)=10 vy 0 (P3) = (O 0O 0 O v3)
0 0 -2y, 0 00 0 O



SU(5) x SU(3), model
Gauge couplings

SU(5)xSU3)y — SU((B)xSU@),xU()y, — SM

3
Lty = actnyy 9 M) = a5 (M) + g (M)
3 1H
aZH(MQ) = a3 (MQ) az_l(MX)_CYS_l(MX)-l-CZ (MX)

az;t(My) = as'(My)
My oy < 4 X 1010 GeV



SU(5) x SU(3), model

3
a;'(My) = a5 (My) + = = iy (My)

a; ' (My) = ag ' (My) + a;g(Mx)

az ' (My) = ast(My) T ;

1
S i (M) = asj}(Mo) My = 1.0 X 107 GeV

~ 8
aZH(MQ) = a3, (MQ) MQ = 1.2 X 10° GeV

32



SU(5) x SU(3), model

3 :
art(My) = as'(My) + = = aig(My) w0}
a; (My) = a5 ' (My) + azg(My)  © .,

10 &

az*(My) = a5 (My)

1
3% (Ma) = azpi(Ma) My = 1.0 x 103 GeV

azg(Mg) = az;5(Mg) Mg = 1.1 x 1012 GeV

33



SU(5) x SU(3), model

Proton lifetime

4
1 My /g
0 ~ 110 X/ I5

(p » me™) = 10 " (1010 GeV) VIS

» sinf <1071 dueto t(p » ne™) > 2.4 x 103* yrs

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



SU(5) x SU(3), model

Yukawa interactions

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

hgolor)

H. =

Scalar containing Hs:(5,1) > ( he"

the SM Higgs H, : (1,3) i — ( hlgMT )
hglnglet

Higgs mixing term Loz mix = HszHipsHY + h.c.



SU(5) x SU(3), model
Yukawa interactions H: (5,1) H;(1,3)

qual’k LYQ — _(yS)lJS_l 10]H; — (ylo)ulOllO]HS + h.c.

lepton L=—r)ij €abcH§LlZ:%iLch = —(Vr)ij gabcH??Lg‘le%i
= (:VLT)ij gach?fng‘jLTi — (yLT)ij gabcH??Ll;‘ng‘i
= —()’LT)ji €abcH§lLl%iLch



SU(5) x SU(3), model

Yukawa interactions 0 a b
(YLT)ij = —(J’LT)ji YLT = (—a 0 C)
—b —c 0

- dety,r =0,Tr [y;r] =0

massless electron
u and t lepton have the same mass




SU(5) x SU(3), model

Yukawa interactions

(Yor)ij
Ay

L= LG Ay LS HS €peq + h.c.



