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@ Motivation of SUSY

_ tension with LHGC;
- Gauge Hierarchy Problem -} but better than non-SUSY

* well studied; consistent if its pure Higgsino

- Dark Matter (~1TeV) or pure Wino (~3TeV)

- Gauge Coupling Unification
not well studied compared to the other two
» How is the condition of GCU formulated?
» How light SUSY is required from GCU?

» Any relation between low energy SUSY and proton decay?
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Is Minimal SU(5) excluded?

[Murayama, Piece '01]

Colored Higgs Mass vs. GUT Scale ass u m pti o n :
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FIG. 2. Plot showing 68% and 90% contours allowed by
the renormalization group analysis for the color Higgs triplet
mass, My, and the GUT scale, Mgur = (M2M3)1/3.




GCU condition Mg =1.27-10"° GeV
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GCU condltlon Mg = 1.27-10'° GeV

M7 = 2.08 TeV

MSSM particles
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Unified Gauge Coupling

MSSM particles
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Minimal SU(5)



Minimal SU(5)




Minimal SU(5)
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D=5 Proton Decay
Vanlilla SUSY: M;=mj;=my =3M,

Vanlilla SUSY: M;=mj;=m4=3M,, tan3=2 Vanlilla SUSY: M;=mj;=my =3M,, tanf=10
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10’

D=5 Proton Decay

Wino-DM: M2 :BTGV, M3 :7M2, mag=mg

Wino-DM: My=3TeV, M3=TMs,, my =mjy, tanf =2

10’

Wino-DM: My =3TeV, Ms="TM,, my =mj, tanB =10




D=5 Proton Decay

Non universal gauginos: My =m7=m,4 = 10M3

R10: M;=mj=my =10M;, tanf =2 R10: M;=mj=my=10M;, tan3=10

107 -

107 -

\

10




Orbifold SU(5)

[Hall, Nomura ’01]



S1/(Zy x Z}) orbifold in the fifth dimension [Hall, Nomura "01]

P/

two orbifold parities (P, P’)

P - ------------------ o(z",y) — ¢(a", —y) = Po(a",y),
' o(zt,y') — o(2", —y) = Po(a",y),

KK spectrum:
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( ) | 4d N = 1 superfield mass
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colour triplet Higgs mass terms:

HoHE,

HeHZ

HcHE

H

C

unbroken generators

broken generators



P'(Q,U,D,L,E) = £(+,—, —,+, )
P'(Q,U,D,L,E) = £(—,+,—, +, +)

\ 4

= 1 n n 2n+1
Lo = Y / d%[\/éyu< mQUH}? '+ QQHZ"™Y + UEHS; “)
n=0 v
+V2y4 ( \/21TQDHI(3”) + \/QTOLEH;E '+ QLHS™Y + UDH] >>] +he
n,O n,

H
. % » No D=5 Proton Decay




odd : mg=(2n+1)M,, &=V X% Hp Hp HS HE, Zbﬁ — —6 —2),

even : mg= (2n+2)M,, ¢=VX* Hp Hp, HE HE, Zbﬁ e —2—)
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constraint on SUSY masses X,Y boson mass => D=6 proton decay




CMSSM

charged LSP

GCU
(AR = 1.5)

no EWSB



Lifetime limit 90%CL (years)
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GCU
(AR =2)

vanilla: Ms;=mj=my=3M,, A/M,.=1.5

106 vanilla: Ms=mj=my =3M,, A/M.=1.5
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GCU
(AR = 1.5)
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101 Orbifold SU(5) with unification, A/M.=1.5 A9

excluded by
proton decay

excluded
by LHC
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Conclusions

- SUSY naturalness has been questioned by LHC results and it
may be good time to think/study low energy SUSY from different

perspective, for example from

GCU

» We have developed a formalism to study GUT models for a given
MSSM spectrum and applied it to minimal SU(5) and orbifold

SU(5) GUT.

Future works

* Wilson line brea
» Minimal SO(10)
 Realistic SU(5)

King SU(D)
Aulakh, Girdhar '095]
Altarelli, Feruglio, Masina '00]




Wino-DM: M2:3T€V, M3:7MQ, my =my, A/MC:].5

Wino-DM: My =3TeV, Ms="TMs,, my=mg, A/MC:].5
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