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@ Motivation of SUSY

_ _ tension with LHGC;
- Fine-tuning 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?
» Is there an upper/lower limit on SUSY masses from GCU?

» Any relation between low energy SUSY and proton decay?



Contents

* Derivation of analytical formulae for GCU including the bulk 2-
loop correction applicable for general SUSY and GUT spectra.
 Application:

- Minimal SU(5)
coloured Higgs mass as a function of general SUSY mass spectrum

=> prediction of D=5 proton decay from SUSY spectrum

- Orbifold SUSY SU(5) [Hall-Nomula model]

X,Y gauge boson mass as a function of general SUSY mass spectrum

=> prediction of D=6 proton decay from SUSY spectrum
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2T | _ 2_7T+b 1H(M )_5 1H(M )_%_Ai degenerate SUSY
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The condition of gauge coupling unification:
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The condition of gauge coupling unification:
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Uncertainty of a,(mz)
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Higgs and gage fields M nim al S U (5)
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D=5 proton decay
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p [TeV]

Vanilla SUSY

M3 =m3=my = 3M,, tanf =2

T(p — KT0) > 4.0 x 10%° yrs

g (mz) = 0.1183 £ 0.0008

A= maX{MHC, Mv}
m3[TeV 24.7 < a”t(A) < 31.8 (My = Mx)

W[

3.77-10% GeV < (MZMyx)s < 1.83-10'0 GeV



Universal Gaugino Mass

T(p — KT0) > 4.0 x 10%° yrs

g (mz) = 0.1183 = 0.0008

A = maX{MHC, Mv}
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3.14- 10 GeV < (M2 Ms)3 < 1.52 - 10'6 GeV
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Pure Gravity Mediation
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OrbifOId SU(5) [Hall, Nomura '01]

» space-time = 4d Minkowski x S1/(Z2 x Z>2)

- two fixed points O, O’, & two orbifold parities P, P’

* N=2 4d SUSY in the bulk (8 spinor dof) P
» 5d vector multiplets: V(24) = (V, %)

- 5d hipermultiplets: #(5) = (H, H¢), H(5) = (H,H )

{H, H°} D {(HFp, Ho), (Hy, HE)}

O O’ (P, P {H,H"} > {(HFp, Hg), (Hg, HS)}

(+,+) —» 2n/R <« zero mode only here
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a = unbroken generators

a = broken generators

n=0,1,2-
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 doublet-triplet splitting can be achieved by the parity assignment

« X,Y fields are absent at the 3-brane at O’

=> SU(D) is explicitly broken at O’

* non-universal contribution to the gauge couplings from the 3-brane at O’

f&WCLW& o

the effect is negligible due to the dominant bulk contribution if the extra
dimension is large, RA > 4 [Hall, Nomura '01]

» The success of charge quantisation in 4d GUTs can be kept by placing the
matter fields at the SU(5) symmetric brane at O.

- D=5 proton decay is absent due to an accidental U(1)r sym.
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- Above the KK mass scale, M. = 1/R, KK modes appear and the three gauge
couplings approach each other. They finally unify at the cut-off scale, A,
where the 5d theory is incorporated into a more fundamental theory.
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A SUSY plane with GCU
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A SUSY plane with GCU
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Discussion

* The gauge coupling unification does not constrain the Bino
mass, since it is singlet. The LHC signature varies depending on
the Bino mass.

» The formula can easily be extended to non-minimal SUSY models.

NMSSM => the same formula can be used.

Non-singlet extension => straightforward to update the formulae for Cs, Qs, Ts
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* The similar formula can be found for non-SUSY models.



Conclusions

* We have derived an analytic formula for the condition of GCU
and the unified coupling at A in terms of the general SUSY and

GUT spectra, including the dominant 2-loop effect and as(mz)
uncertainty.

GCU condition unified coupling
1
[TS — M:QG M Tqg = MEQS j [al(A) = ()42_1 + %(CS + C(;>J

« Minimal SU(5):

The coloured Higgs mass is given as a function of low energy SUSY masses:
D=5 proton decay can be predicted by the SUSY spectrum.

* Orbifold SUSY SU(5):

There is a non-trivial constraint on the SUSY spectrum. The X,Y boson mass is

given as a function of low energy SUSY masses: D=6 proton decay can be
predicted by the SUSY spectrum.
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Is Minimal SU(5) excluded?

[Murayama, Piece '01]

%: Colored Higgs Mass vs. GUT Scale assumption:
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FIG. 2. Plot showing 68% and 90% contours allowed by
the renormalization group analysis for the color Higgs triplet
mass, Mu., and the GUT scale, Mgur = (MEM?/)U‘?.
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