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Motivations

It’s been noticed that 4 dimensional vacua of M-Theory compactified on
singular G2 manifolds offer

a practical framework for studying physics beyond the Standard Model

[Acharya; Atiyah; Friedmann; Witten, ’01, ’02]

✓ The key elements of low scale physics are localized at singularities in
the compactification manifold. In particular, non-Abelian gauge
symmetry arises via co-dim 4 orbifold singularity. Wherever this 3-fold in
G2 develops co-dim 7 singularities, the symmetry gets enhanced by one
rank and charged chiral fermions can be supported at conical singularities.

✓ In a bottom-up approach, through Geometric Engineering successful
local models have been constructed.

[for recent works see Bourjaily ’08,’09]
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Motivations

It’s been noticed that 4 dimensional vacua of M-Theory compactified on
singular G2 manifolds offer

a practical framework for studying physics beyond the Standard Model

✓ However, there are some elements we don’t see directly at low scale
physics:

Supersymmetry → must be dynamically broken
Moduli fields → must be stabilized
Ubiquitous U(1)’s → must be spontaneously broken

✓ There must be a good Mechanism, in a top-down approach,
to get rid of these extras but still keep their virtues for low scale physics.

Q: Which Mechanism is a good one?
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Motivations

It’s been noticed that 4 dimensional vacua of M-Theory compactified on
singular G2 manifolds offer

a practical framework for studying physics beyond the Standard Model

as such, must EXPLAIN the scale of the Standard Model
✓There must also be a dynamics to generate and stabilize the Hierarchy.

We take the “Hierarchical Scales” as the guiding principle.

In G2-construction we use “strong gauge dynamics” as the Mechanism:

Λ ∼ mPle
−2π/b0α

[Witten, ’81]

IDEA: to study 4-dimensional vacua of M-Theory with Hierarchical
scales, SUSY and U(1)’s broken, moduli stabilized.
WISH: to make a general prediction for a large subset of vacua.
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Outline

1 Motivations

2 Review of previous results in G2 construction

3 A more general framework with U(1) and Yukawa interactions

4 Phenomenology
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Generalities

The moduli space of M-Theory on G2 is parametrize by b3
X coordinates

zi = ti + isi

✓ The moduli must get vev’s BUT not with fluxes!
× tree level contributions from fluxes lead to large ⟨W ⟩,
uninteresting Phenonemology

✓ In the absence of fluxes, ALL the moduli enjoy a PQ shift symmetry.
✓ Therefore, the only contributions to the superpotential are
non-perturbative:

W ⊃ Gaugino Condensates +Membrane Instantons
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Brief Review

The 1st working model

[Acharya, Kane, et. al. ’06, ’07, ’08]

W = Ae i2πf /Q +Bφ−2/Pe i2πf /P

K = −3 ln (4π1/3VX ) + φφ

VX

[Beasley,Witten ’02; Bobkov, Acharya ’08]

A,B ∼ O(1) , f = ∑
i

Nizi =
θ

2π
+iα−1

HS , VX (si) =∏
i

saii , ∑
i

ai = 7/3

It’s shown that the scalar potential generated by strong gauge dynamics

V = eK(K I J̄DIWDJ̄W̄ − 3∣W ∣2)
✓ Stabilizes ALL the moduli
✓ Spontaneously breaks SUSY in a dS vacuum
✓ Dynamically generates Hierarchical Scales
✓ Interesting Phenomenology and Cosmology
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A Framework with U(1) and Yukawa

I want to report on a more general framework

✓ A framework with another kind of interactions in the superpotential,
like Yukawa type Interactions and terms with Membrane Instanton as well
as the one in which extra U(1) gauge symmetries are also considered.

✓ In the hope of setting up a better framework for accommodating and
further explaining physics beyond the Standard Model in G2.
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A Framework with U(1) and Yukawa

The Model
There exist a pure SU(P) gauge theory in the HS and a U(1) sector
with charged matter and Yukawa interaction.

The Superpotential:

W = Ae2πif /P + λT1T2T3 e
2πi f̃

f = ∑
i

Nizi =
θ

2π
+ iαHS

−1 , f̃ = ∑
i

Ñizi

Ni = ∫
γ
SU(P)
3

Φ , Ñi = ∫
γmem

3

Φ

The Kahler Potential:

K = −3 ln (4π1/3VX ) + ∑
3
a=1 T aTa

VX
,
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A Framework with U(1) and Yukawa

Effective SUGRA Scalar Potential

V = eK(
b3
X

∑
i=1

F iFi +
3

∑
a=1

F aFa − 3∣W ∣2)

FI = DIW = ∂IW +W ∂IK
F I = ∑

J̄

K I J̄FJ̄
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A Framework with U(1) and Yukawa

V = e∑a T aTa/VX

64πV 3
X

A2(1 − x)2e−4π/P∑i Ni si

×
⎡⎢⎢⎢⎢⎣

4

3

1

1 + ∑a T aTa

3VX

∑
i
∑
j̄

1

ai
Ni si

yi
1 − x

(∆−1)i j̄Nj̄sj̄
yj̄

1 − x

+4
1

1 − x

1

1 + ∑a T aTa

3VX

∑
i

Ni si
yi
x

+ x2

(1 − x)2
(∑

a

VX

T aTa

+ 7

3

1

1 + ∑a T aTa

3VX

)

+ x

1 − x
(8 − 14

9

1

1 + ∑a T aTa

3VX

∑
a

T aTa

VX
)

−4

3
∑
a

T aTa

VX
+ 7

9

1

1 + ∑a T aTa

3VX

∑
a

(T aTa

VX
)

2

+ 4

⎤⎥⎥⎥⎥⎦
.
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A Framework with U(1) and Yukawa

Minimization of the scalar potential for the Moduli

There exist metastable de Sitter solutions for the scalar potential IF for

some i , 0 < i ≤ b3
X , we have to the leading order in αHS :

λ

A
T01T02T03e∑i(2π/P−2π/(Ni/Ñi))Ni si

=

Ni/Ñi

P
< 1

We introduce a new notation:

Ni

Ñi

= n +O(αHS)

We will see that n
P becomes a relevant parameter in parametrizing the

space of solutions.
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A Framework with U(1) and Yukawa

Moduli VEV’s in a de Sitter Vacuum

⟨si ⟩ = ai
Niηi

3P

4π

1

P/n − 1
ln (P

n

λ

A
T01T02T03)

⟨T aTa

VX
⟩ = n/P

1 − n/P (1 + (9/14 − n/P)f (n/P)) ,

✓ Moduli get vev’s in a SUGRA-valid regime, i.e. VX > 1 or si > 1.
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A Framework with U(1) and Yukawa

Gauge coupling in the Hidden Sector in a de Sitter Vacuum

αHS = 2π

ηP

1

2

1 − n/P
n/P × (1+ n/P

1 + g(n/P)(
14

9
+ 5

9
(9/14− n/P)f (n/P)))

−1

,

P = 10
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Phenomenology

Stabilized Volumes

✓ There are two volumes, as homogeneous functions of the moduli,
which control the low scale Phenomenology.

VX (si) ∼
b3
X

∏
i=1

saii ∼ αHS
−7/3 , Vγ3(si) ∼

b3
X

∑
i=1

Ni si = αHS
−1
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Phenomenology: Fundamental Scales

Gravitino Mass

m3/2 = mP ⋅ eK/(2m
2
P) ∣W /m3

P ∣

m3/2 = mP
Ac−3/2

8π1/2 (1 − n/P)(1 + η n/P
1 − n/P

αHS ⋅ P
2π

)α7/2
HS e

T aTa/2VX−2π/αHS ⋅P
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Phenomenology: Fundamental Scales

Moduli Masses

mIJ =
∂2V (ϕ)
∂ϕI∂ϕJ

∣
@min

Depends on the details of the compactification manifold
However, for an explicit example, we found

msi ∼ O(m3/2)
mTa ∼ O(m3/2)
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Phenomenology: the MSSM Spectrum @ the GUT scale

Gaugino Masses

ma = mtree
1/2 +mthreshold

a (η) +manomaly
a (γ),

mtree
1/2 = n/P

1 − n/P
αHS ⋅ P

2π
(2

3

1

1 + ∑a T aTa

3VX

1

1 − n/P −
5

21
−1

7

n/P
1 − n/P ∑a

VX
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)m3/2
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Phenomenology: the MSSM Spectrum @ the GUT scale

Gaugino Masses
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Phenomenology: the MSSM Spectrum @ the GUT scale

Scalar Masses

m2
αβ̄

= (m2
3/2 +V0 −∑

I ,J̄

eK
HS+U1

F IF J̄∂I∂J̄ ln K̃VS)δαβ̄

m0 = [1 + 1 − γ
3
∑
a

T aTa

VX
(4

3
+ n/P

1 − n/P
VX

T aTa

− 7

9

1

1 + ∑a T aTa

3VX

3 − n/P
1 − n/P

− 7

9

1
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3VX

T aTa
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)]

1/2
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Phenomenology: the MSSM Spectrum @ the EW scale

Gaugino Masses: Wino or Bino LSP
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Conclusions

We’ve studied a more general framework in G2 construction.

▶ Utilizing a pure gauge theory in HS which undergoes strong dynamics
at low energies and a U(1) sector with charged matter we could

✓ Stabilize ALL the moduli in a SUGRA-valid approximation,
✓ Spontaneously break SUSY in a dS vacuum,
✓ Spontaneously break extra U(1) gauge symmetries,
✓ Generate Hierarchical Scales.

A general prediction for ALL these vacua:
→ Gaugino masses are suppressed relative to the gravitino mass.
→ Scalars are as heavy as gravitino.

mPl > m11 ≳ mGUT > mSUSY ⋙ m3/2 ∼ mmod ∼ m0 ≫ m1/2

,
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