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G2 Manifold 101
● 7-D Manifold with G2 holonomy

– 11D M theory                                4D N=1 SUSY

● Invariant 3-form

● Volume

● “Angular” variable
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G2 Manifold

Moduli (Scalar Fields): S N



  

Moduli Stabilization
● Kahler Potential

● Gaugino condensation

● Moduli VEV and F-Terms
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M theory on G2 manifold

Moduli

Hidden Sectors

Axions

4D Low Energy Spectrum

...
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SU(5) GUT
● Matter Fields

–

–

● Higgs Fields
–

–

● Wilson Line    MSSM

10M=(3,2)Q+(3̄ ,1)U c+(1,1)E c

5̄M=( 3̄ ,1)Dc+(1,2)L

5HU
=(3 ,1)T U

+(1,2)HU

5̄H D
=( 3̄ ,1)T D

+(1,2)H D

→
π1(M )finite

W⊃{5HU
10M 10M , 5̄H D

5̄M 10M ,5HU
5̄H D

, ...}

S. Martin, hep-ph/9709356

● Superpotential



  

GUT Scale Inputs
● Scalars

● Gauginos

mαβ
2 =m3/2

2

Aα=√3 m3 /2+corrections≈1.4 m3/2

● (Normalized) Trilinears

M a=O(
1
P eff

)m3 /2+Anomaly Mediation

● Doublet-Triplet Splitting

B. S. Acharya, G. Kane and P. Kumar, arXiv: 1204.2795
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1
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) ,

F φ F φ≈3∣W∣
2

m3 /2=e K /2
∣W∣

mT∼M GUT , mH≡μ<m3 /2W⊃mT T U T D+μ H U H D ,



  

G2-MSSM



  

Why?                   How?

● Doublet-Triplet Splitting 
(SU(5) GUT)

● Geometric

Discrete Symmetry
– Approximate

● Size of μmT∼M GUT , mH≡μ<m3 /2

W⊃mT T U T D+μ H U H D ,



  

Discrete Symmetry

E. Witten, arXiv:hep-ph/0201018.

● Gauge Symmetry

– Wilson Line

● Discrete Symmetry

– Fixed points S1:

– Fixed points S2:

– Doublet-Triplet Splitting

SU 5

→SU (3)×SU (2)×U (1)

Z N 

K3→M→Q

10M
i , 5̄M

j ,5H

5̄H ,10M
k , 5̄M

l



  

Discrete Charge

● Wilson Line

W=diag (e2 iρ , e 2 iρ , e2 iρ , e−3 iρ , e−3 iρ )

(qQ i , qU i , qE i )=(q10
i , q10

i , q10
i )+ϵ10

i (1,−4,6 )

(qDi , qL i )=(q 5̄
i , q 5̄

i )+ϵ5̄
i ( 2,−3 )

(qT U
, qHU )=(q5H

, q5H )+ϵ5H
(−2, 3 )

(qT D
, qH D)=(q 5̄H

, q 5̄H )+ϵ5̄H
(2,−3 )



  

Moduli Fields

● Invariant 3-form

● Permutation Symmetry:
– Cyclic Symmetry (C4 /Z4):

ϕ→ϕ=∑N
sNβN : βN→β ' N , sN→ s 'N

{si→s j }

s1→ s2→ s3→ s4→ s1

q( s1+s2+s3+s4)=0
q (s1−i s2−s3+ is4)=1
q (s1−s2+s3−s 4)=2
q (s1+ i s2−s3− is4)=3



  

Approximate Discrete Symmetry

Allow Coupling Constraint

10M 10M H U

10M 5̄M H D

H DH D 5̄M 5̄M

TU T D

2 q10+q5H
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2 qH D
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q5H
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Forbid Coupling Constraint

H U H D

10M 10M 10M
5M
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5M
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5M

5M

q5H
+qH D

≠0

3q10+q 5̄≠0

q5H
+q 5̄≠0

q10+2q 5̄≠0



  

Anomaly Coefficients

A3=
1
2
∑
i=1

3

(2 qQ L
i +qU R

i +qD R
i )+

1
2 (qT U

+qT D )

A2=
1
2
∑
i=1

3

(3qQ L
i+qL i )+

1
2 (qH U

+qHD )

A1=
3
5
∑
i=1

3

( 1
6
qQ L

i+
4
3
qU R

i +
1
3
qD R

i +
1
2
qL
i +q E

i )
+

3
10 (qH U

+qH D)+
1
5 (qT U

+qT D )

A1=A2=A3=0 mod N /2



  

Anomaly-Free Z4 Symmetry

qQ1 qQ 2 qQ 3 qU 1 qU 2 qU 3 qE 1 qE 2 qE 3

3 3 3 3 3 3 3 3 3
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3 1 1 1 1 1
qHU

qH D
qTU

qT D

2 0 0 0
Y H DD Q=(

0 0 0
x x x
x x x )

q (H U H D)=2



  

Down-type & Lepton Yukawa Matrix

● Down-type & Leptonic Yukawa

● Anomaly Cancellation

● Doublet-triplet Splitting       Zero eigenvalue(s)

Det (Y )=∑
σ∈S 3
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∑
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3
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Generate μ term

● Approximate discrete symmetry

● Guidice-Masiero Mechanism

– Z4 Example

K⊃O (1)h (s i)H U H D=O(1)h(ai)H U H D

K⊃O (1)(a1−a2+a3−a4)H U H D≈ ā H U H D

W⊃μ H U H D≈0

→W⊃ ām3 /2 H U H D

Done?



  

Not Yet

● Number of Moduli ~ N = O(100)

K⊃∑
'
(ai−a j+ak−al)H U H D+∑

' '
(a p−aq)H U H D

=(∑ apositive−∑ anegative )H U H D

● Central Limit Theorem

∣μ∣<O (√N ā )m3/2

=O ( 1

√N )m3/2

(∑i
a i=N ā=

7
3 )



  

Another Estimation of μ

● Distance on the moduli space( -radial direction)
– Euclidean Metric

D=√∑ ( (a i )symmetric−ai )
2
≈√∑ ai

2≈√N ā

μ=D m3/2=O (√N ā )m3/2=O( 1

√N )m3/2

μ∝m3/2

μ=0 μ∝D ?

D



  

Summary

● Anomaly Free Discrete Symmetry
– Doublet-Triplet Splitting

– Zero Eigenvalue(s) in Yukawa matrix

– Matter Parity

● Size of the μ term
– Guidice-Masiero

– (Naive) Distance
μ∼O ( 1

√N )m3 /2
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