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1. Introduction
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Grand unified theories

« Coupling unification 60

50

- 81(Mgut) = &Mgur) = &Mgur)
- SUSY GUT

40

[P. Langacker, Phys. Rept. 72 (1981) 185]

a ' 30
« Unification of quarks and leptons

20
» Charge quantization

e Proton decay
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[S. P. Martin, A Supersymmetry primer. (1997)]
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Grand unified theories
SU(5) v.s. flipped SU(5) GUT

- SU(5) GUT
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Grand unified theories
Doublet-triplet splitting problem

« Minimal SUSY SU(5)
- MSSM Higgs: embedded in 5 and 5 in SU(5) theory

o C,, i fd C,s (fd . colored Higgs —> need to be heavy
- ’ B H, ., H;: MSSM Higgs —> need to be light

. Superpotential W D A(HOH + MHH) @

- VEV of ® = 24 breaks SU(5) into the SM Doublet-triplet splitting problem
3 3
< D> =diag(b, b, b, — Eb’ — Eb) %

Heav Missing partner mechanism
- Weff — @ qu T ﬂ()Hqu
Light
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2. R-symmetric flipped SU(5)
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2.1 Model

R-symmetric flipped SU(5)

[K. Hamaguchi, S. Hor and N. Nagata, JHEP 11 (2020) 140]

 Standard flipped SU(5) GUT Fields Components S € @
: Cy . - F; ds-Q7, Ve 10 +1 17736
- MSSM Higgs reside in/1and 3 17/36
- H and H break the SU(5)xU(1) +5  17/36
down to the SM gauge group +1  1/36
. . ~1  17/36
» Newly introduced in our mogel 5 19/18
- Global U(1)R symmetry (The +2  19/18
superpotential has the U(1)R 0 1/9

charge +2)

e field content and the charge assignments in our model.

- . . The U(1) ch iven in inits of 1/4/40
- Additional singlet field S e Ull) charges are given in inits 0
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2.1 Model

Superpotential

A _ A
(HaﬁH ,5)4 | HS (HaﬁHaﬁ)2S9 | S SlS ,

W, =
- 18AL0. 18AL.

. Unwanted bilinear terms, HH and hh, are both forbidden by the U(T)R symmetry.

» Right-handed neutrino masses: non-renormalizable operator

. U(1)R symmetry highly restricts possible forms of operators in W,..
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2.2 Symmetry breaking and mass spectrum

The scalar potential

ms = Mg = MSUSY, AH = Ags = As = 1, Agg = Mp
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- @D breaks the SU(5)xU(1) into the SM
gauge group.
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2.2 Symmetry breaking and mass spectrum
Doublet-triplet splitting

- Doublet-triplet splitting problem is solved by the Missing partner mechanism.
A4 ] L
8 %) )
e Eapy5eS HPHPh + —A5¢®V"*°H ,H s,

Wear, =
o DT 4

q . en .
My, = | (®)] light color-triplet Higgs

( (D) ) ( (S) (0 Apr
GeV ,
1016 GeV 3% 1017 GeV 1018 GeV
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2.3 Proton decay

- Dimension-five proton decay operators (negligible)
- Exchange of color-triplet Higgs
« Dimension-six proton decay operators

- Exchange of SU(5) gauge boson and the light color-triplet Higgs
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3. Conclusion
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« We constructed a flipped SU(5) SUSY GUT model which is invariant under
a global U(1)R symmetry

- The SU(5)-breaking Higgs fields acquire a VEV in the flat direction after
SUSY is broken.

- The p-terms of the Higgs fields are forbidden by the U(1)R symmetry.
- Light color-triplet Higgs at intermediate scale

- Missing partner mechanism

- Right-handed neutrino masses: non-renormalizable operators

« Proton decay

- Channel p — 7%u*and p — K'u™

Thank you for your attention.
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Appendix
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A. Symmetry breaking and mass spectrum

The scalar potential

« Symmetry breaking pattern

. The scalar potential: V=V,+ Vy+ V¢,

385 &x 2 2]
V= +— )| |vgy| — |V :
- P ( 10 80 H H

Ji 1 2 ) 2 A A 16
H 2 HS @9 C..C C C HS C., C\2 S @9
Vi = (vvs)” + S 1 v | + |V: + (Vls)” + S ‘S‘
- 5 YH"H 10 H™H H H 10 ~ H"H 15 ’
AR O\ 2\ AVSS
2 2 0
12 C ) C 2
Voot = — My (Vg mz (Vg mg |S| .
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B. R-axion

 U(1)R symmetry breaking
- Nambu-Goldstone boson: R-axion

- U(T)R is explicitly violated by a constant term (cosmological constant)
- W — W() + W
« Supergravity effect

const

const

lKi(K‘l)ijW(;‘;. — 3W6‘<] >
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B. R-axion

V2 (S)
~ 1 (S)=5%x10°x% GeV .
Ja 0 (57 (3)(1017 GeV)

3/2 Mgusy \°
A = (MerewM ~ 4 x 1073 x GeV- .
-~ "hid ( SUSY P) ( 104 G€V>

05* 3x 1017 GeV

const = 104 GeV

m, ~ GeV
’ 3% 1017 GeV 104 GeV

- R-axion: as heavy as other SUSY particles

m
W ~\<W>\=m3,2Mg=6><1040><( 02 )GeV3
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C. Neutrino

- Right-handed neutrino mass term

- Non-renormalizable operator

C.
I B =

_ Wneutrino = A2 5 (F i ﬂHaﬂ)(ﬁ}yéHyé) ’

N

¢« See-saw mechanism

- Right-handed neutrino masses are generated after the symmetry breaking.

() [(D) |7
- (MR I — Clj A]2\7

> )
~ c.. X 3% 1013 x 5 (P Av GeV
/ 3 x 1017 GeV 1016 GeV 1018 GeV
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C. Neutrino

. (MR)U. too small for the third generation
- Two singlet chiral superfields: ¢ (U(I)R charge : 19/18) and
¢ (U(I)R charge : 17/18)

- -1 -
Wex = FHD + pybd + 5,55

- Integrating out ¢ and ¢
A6AlK, -
~ Effective operator W, ... = Y S(F“ﬁ ﬁ)(Fy 5) — O(10'*) mass
Ho
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D. Difficulty of missing partner in SUSY SU(5)

« Needed to introduce a few additional fields

» Having some problems in the running couplings unification due to the large
representations

 [S. Pokorski, K. Rolbiecki, G.G. Ross and K. Sakurai, JHEP 04 (2019) 161]
- Additional gauge singlet with an additional global U(1) symmetry

- [G. Altarelli, F. Feruglio and I. Masina, JHEP 11 (2000) 040]

- Standard missing partner mechanism
« A new set of chiral multiplets and Peccei-Quinn U(1) symmetry

- [J. Hisano, T. Moroi, K. Tobe and T. Yanagida, Phys. Lett. B 342 (1995) 138]
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E. Dimension-five proton decay

- Dimension-five proton decay operators

- Exchange of the color-triplet Higgs

1 y g
W = (VP V) U e (QF - QI(QE - L) - uz,DVP*)lf(Ufﬂg,m"’e“bCulzd,%u,Scef]

~Suppression FH > negligible

My

C

« Cut-off suppressed operators

ijkl ijkl
Wi = e, SEPFPEST, + 2 _SFT T pe

- s = T Caprsed T Ty P Jie T O ja kgt

UKl and UM, suppressed by the same mechanism as that explains the Yukawa hierarchies

-G p

« Dimension-five proton decay does not give the main contribution.
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F. Proton decay

s () | L (O RN _<A’ijf>2 . M (ononion)|
- o) o, A
- o= K +)‘m7(1 Zé)z Vel [(W),, | (RO 1 1)) [(A‘Z(;“R)z . (fg {0y ), M) }2 |
' ””"K@)=%<1 Z]’;{)z V[0 | (&1 1)) (A‘i);(;“f)z . Mi‘zc yS(MH}Z |

- The color-triplet Higgs exchange process is induced by the Yukawa
interactions, so its contribution tends to be more significant for the decay
modes that contain the second generations.
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