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1, Introduction

¢ GUTs |
Due to the decoupling theorem, [GUT scale : Mgyr ~ 1016GeVJ
it is difficult to test GUTs at low energy scale. (EW scale: Mgy ~ 10% GeV

Tests of GUTs rely on checking the relations
among the parameters of superparticles

»

€ Supersymmetric grand unified theory with the Hosotani mechanism
[Supersymmetric Grand Gauge-Higgs Unification (SGGHU)]

Doublet-triplet splitting is naturally realized

This model predicts the existence of the adjoint chiral supermultiplets

0(8,1,0) color octet
A(1,3,0) SU(2) triplet _ |
$(1,1,0) singlet The Higgs sector is extended

Investigating physics of the Higgs sector, we can test the GUT 1/7




2, Supersymmetric Grand Gauge-Higgs Unification
 Higgs sector

Superpotential and soft SUSY term
HUs

W =uH, -H; + ?SZ + paTr(A2%) + A, SH, - Hy + A,H, - Al
Vsorr = Ma|Hg|? + M2|Hy|? + 2m3Tr(ATA ) + mi2|S|?

+ [B‘Ll Hu . Hd + BAMATF(AZ) + BS%SZ

+ ApdyHy - AHy + Aghs SHy, - Hg + 1S + H.C. |

SU3) | SU2) | U
H, 1 2 -1 | MSSM doublet (4 CP-even h, H,S2, A%
H, 1 2 +1 | MSSM doublet 3+1CP-odd  4,5P,A%, GO
A 1 3 0 | Triplet \. J

Features: 1. Trilinear terms S3 and SAA are absent
2. A; and Ajare related to the gauge coupling
at the GUT scale

2/7



g4

Running of coupling constant
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2, Supersymmetric Grand Gauge-Higgs Unification

21

1.5

| In order to unify
the gauge couplings,

we add vector like

[ gs particles
r e 2XL2,-1/2)
S | +U°(3,1,-2/3)
R | +E¢(1,1,1)

2 4 6 8 10 12 14 16 18 @SUSY scale

log1o (1/GeV)
Ap = 245/3 A = goyr @GUT scale

==
Ap = 11,25 = 0.26 @EW scale |
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3, Predictions

® Lightest CP-even Higgs boson mass X, = A, —pcotpf
3m} mé X7 X? 1 1
2 2.2 t t t t 2.2 a2 2..2.2
mi~mscyp +——\| log—+—(1— + - AcvesSp +=A5v°s
hW~Mzlp T 5 22 gm? m% < 12m%> o sV S2p Tg/al Sz
Contributions from
MSSM singlet and triplet
hy ,hy Heavy soft mass img, m, scenario
N Fs, Fp d
\ ’ / (GeV) _ _ _
A, Aa S < Ao An 145 )'.A 1. |1, AS .O' 26, mSUSY . 2TeV
e NN wol <. SGGHY " O 10%P
hy, S, A o BT /—_—
T~ ASfA"‘ — & AA/ - hu E 125
2 ~ | T
hy - N ) G J
\ %
o~ = 115 | ]
S Ao, A ﬁ
U S,A h 110 - - - - -
u 2 8 10

m; can be 126GeV
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3, Predictions

) Heavy soft mass img, M, scenario
® Charged Higgs boson mass S A

0l ———————— _
2 _ .2 2 0.08 ¢ : =11
Tt T T | ysom (1+8y2) 0.06 | Triplet As = 0.26 |
1 :
a2 2 92,2 4 T 2.2 0.04 |
my + my, 5 ASU + 8/1AU _E . Trlplet
MS55M © - +Singlet
0
Deviation of mass: 0(1)% — 0(10)% -0.02 ¢
-0.04 - - - - - '
200 250 300 350 400 450 500
my (GeV)
® Heavy CP-even Higgs boson mass
my = my = my We can test the deviation

MSSM NMSSM

at the LHC

Deviation among masses is small < 0(1)%
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3, Predictions

® Couplings of Higgs boson
Heavy soft mass mg, M, scenario

9g(hXX)/g(hXX)sy — 1

LHC/HLC/ILC/ILCTeV

¥ 350
+ 58 0.15 +
10 | + 50
0 09 L e T T
L -1. -U9 1 Ll AR .
. — 20 — 32 ° I | |I ||= I‘ |II Il |
= S AP 1, 05 k- § —
10 f: ?07
0.15 | |
20 | _gg_ W Z b g v T C t inv. .
. . . . .61 -025 |
hVV  hyy htt hbb  hhh
MSSM AA = 1.1,AS = 026, ANMSSM == 06,
NMSSM tan Sy ssy = 10, tan Bsgeuu nmssm = 3,
SGGHU my = 126GeV, My = Uerr = 150G€V, Meysy = 2TeV

We can distinguish each model at the ILC
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Summary

We investigate the Higgs sector of the SGGHU

* Deviation of my+ from the MSSM value is 0(1)% — 0(10)%
We can investigate this deviation at the LHC

* Measuring the Higgs boson couplings,
we can distinguish each model at the ILC

SGGHU is a good example of a GUT

testable at collider experiments
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Back up



MSSM Higgs Mass
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- my, = 124-126 GeV

X, =0
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CMS Preliminary, ys=7-8 TeV, L=24.3 fb™, H-1r
T | T : T | T T T |
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