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Most line bundles on ¥ cannot be made
equivariant.
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The Gauge Bundle

De ne thesetwo rank 2 vector bundles

Vi = 20e( 1+ 2)  20e( 1+ 2)=

= 2 20)@( 1+ )

Vo & Oe(1 20 (W)

We de ne the rank 4 bundle V nally asa
generic extension

0

LV, 'V IV 10

hep-th/0501070: A Heterotic Standard Model
hep-th/0502155: A Standard Model from the Eg  E g Heterotic Superstring
hep-th/0505041: Vector Bundle Extensions,Sheaf Cohomology, and the Heterotic Standard Model
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Particle Spectrum

3 families of quarks and leptons.
Zero anti-families.
4 Higgs (twice MSSM).

Doublets and triplets are completely split,
all triplets are projected out.

Hidden pure E; or Spin(12)with 2 matter
elds.

6 geometric moduli, 19 vector bundle
moduli, somehidden Eg bundle moduli.

hep-th/0509051: Heterotic Standard Model Moduli
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The Lagrangian

Of course,we do not know the Kahler
potential. What can we learn from the
superpotential W?

| Higgs -terms H H
I Yukawa couplings QiH Q; + Q;H Q
Field | Name

Conclusion

Vector bundle moduli

H | Higgs

H | Higgs-conjugate

Qi | Quarks & leptons of the i-th family
Qi Anti-Qi

A Heterotic Standard Model / University of North Carolina at Chapel Hill

31/ 54



Introduction

The Calabi-Yau

The Vector Bundle

A First Heterotic
Standard Model

v The GaugeBundle
v Particle Spectrum
v The Lagrangian

v The String Miracle

Spectral Sequences

A New Heterotic
Standard Model

Conclusion

The String Miracle

Compactifying on (¥; V)=G, we found

A Heterotic Standard Model / University of North Carolina at Chapel Hill

32/ 54



Introduction

The Calabi-Yau

The Vector Bundle

A First Heterotic
Standard Model

v The GaugeBundle
v Particle Spectrum
v The Lagrangian

v The String Miracle

Spectral Sequences

A New Heterotic
Standard Model

Conclusion

The String Miracle

Compactifying on (¥; V)=G, we found

Higgs -terms H H with 4 out of the 19
vector bundle moduli.

hep-th/0510142: Moduli Dependent -Termsin a Heterotic Standard Model

A Heterotic Standard Model / University of North Carolina at Chapel Hill 32/ 54



Introduction

The Calabi-Yau

The Vector Bundle

A First Heterotic
Standard Model

v The GaugeBundle
v Particle Spectrum
v The Lagrangian

v The String Miracle

Spectral Sequences

A New Heterotic
Standard Model

Conclusion

The String Miracle

Compactifying on (¥; V)=G, we found

Higgs -terms H H with 4 out of the 19
vector bundle moduli.

No Yukawa couplings.

hep-th/0510142: Moduli Dependent -Termsin a Heterotic Standard Model

A Heterotic Standard Model / University of North Carolina at Chapel Hill 32/ 54



Introduction

The Calabi-Yau

The Vector Bundle

A First Heterotic
Standard Model

v The GaugeBundle
v Particle Spectrum
v The Lagrangian

v The String Miracle

Spectral Sequences

A New Heterotic
Standard Model

Conclusion

The String Miracle

Compactifying on (¥; V)=G, we found

Higgs -terms H H with 4 out of the 19
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No Yukawa couplings.

Yukawa textures
without symmetries!?!
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2

R ,

Compute HP(Bq;

2 2 o(W)
2 2 (W)

2 W

2 1 )W Og,( fo)

HY ®;~2v = HI %X;2 5, (W)

) by two more Leray SS...

Degrees O

A New Heterotic _ 2 2 2 2

Standard Model q=1 0 2 2 1 2 2 2 1 2 2 2 1 2 1 0

Conclusi P.d —
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Leray Degrees

The two brations

dimc = 3 ). "‘;);)
dimc =2 Bl;));) -Bz
dime = 1 Y opt

allow usto re ne the cohomology degree

accordingto # of legsin the . ber, the base,

and the , ber direction.
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Leray Degree Table

Field Cohomology | Fiber1 Base Fiber?2
Qi, Q HY X;V O O 1

Hy, Ho  HI@;A2y 0 1 0
Hy, Ho  HI @Ay 0 0 1
it o4 HY RV V- 1 0 0
500 19 HY XV V- 0 0 1
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Leray Degrees

Field Cohomology | Fiber1l Base Fiber 2
Q1, Q1 HY X%,V 1 0 0
Q2,Q3,Q2, Qs H' X,V 0 0 1
Hi, Hi HL X;n2v 0 1 0
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I No -terms,H;”™ H;=0.
I Yukawa couplings.
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Summary

The “new” Heterotic Standard Model has

3 families of quarks and leptons.
Zero anti-families.

1 Higgs—Higgsconjugate pair
(exact MSSM).

Doublets and triplets are completely split,
all triplets are projected out.

Yukawa couplings.

No Higgs -terms, but can get those from
D-terms.
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Important Lessons

Discrete symmetries are important
F Doublet-triplet splitting.
F  Moduli reduction, e.g.

hti ¥ =19 I 3= htY{(X)
Not at a specialpoint in moduli space

) no enhancedspectrum.

Unique solution?
Equivariant actions are the key.
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