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Introduction
Data to define a heterotic line bundle model we need: 

- A Calabi-Yau 3-fold X

- vanishing slopes µ(La) ≡ c1(La) ∧ J2 !
= 0

- A line bundle sum                      on    ,
              , so structure group is           .  

XV = L1 ⊕ · · ·⊕ L5

c1(V ) = 0 S(U(1)5)

- Anomaly:                                   
  in practice:                      

c2(TX)− c2(V )− c2(Ṽ ) = [C]
c2(V ) ≤ c2(TX)
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Introduction
Data to define a heterotic line bundle model we need: 

- freely acting symmetry   on   , so 
  is smooth and non simply-connected

Γ X X̂ = X/Γ

- bundle   needs to be equivariant so it
  descends to a bundle    on 

V
X̂V̂

- complete bundle           with Wilson line
  to break GUT group

WV̂ ⊕W
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c2(V ) ≤ c2(TX)

N=1, D=4 GUT with
gauge group

and matter in 
SU(5)× S(U(1)5)

10, 1̄0, 5̄,5,1

Wednesday, July 4, 2012



Introduction
Data to define a heterotic line bundle model we need: 

- freely acting symmetry   on   , so 
  is smooth and non simply-connected

Γ X X̂ = X/Γ

- bundle   needs to be equivariant so it
  descends to a bundle    on 

V
X̂V̂

- complete bundle           with Wilson line
  to break GUT group

WV̂ ⊕W

- A Calabi-Yau 3-fold X

- vanishing slopes µ(La) ≡ c1(La) ∧ J2 !
= 0

- A line bundle sum                      on    ,
              , so structure group is           .  

XV = L1 ⊕ · · ·⊕ L5

c1(V ) = 0 S(U(1)5)

- Anomaly:                                   
  in practice:                      

c2(TX)− c2(V )− c2(Ṽ ) = [C]
c2(V ) ≤ c2(TX)

N=1, D=4 GUT with
gauge group

and matter in 
SU(5)× S(U(1)5)

10, 1̄0, 5̄,5,1

standard-like model
(hopefully) with
gauge group
GSM × S(U(1)5)
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Why line bundle models:
 Line bundles are classified by their first Chern class.
c1(La) = kiaJi
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Why line bundle models:
 Line bundles are classified by their first Chern class.
c1(La) = kiaJi

 Gauge fields are Abelian and bundle is a sum of line
    bundles -> much easier to handle technically

H
1(X,V ) =

�

a

H
1(X,La)

H
1(X,∧2

V ) =
�

a<b

H
1(X,La ⊗ Lb)

    multiplets: 10

   multiplets: 5̄
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Why line bundle models:
 Line bundles are classified by their first Chern class.

 Abelian bundles still carries many of the properties
   of the generic non-Abelian bundles.

 But we have to remember they are usually part of a 
    moduli space of non-Abelian bundles. 

 Additional U(1)s are usually Green-Schwarz anomalous,        
   hence, associated vector bosons are massive.

c1(La) = kiaJi

 Gauge fields are Abelian and bundle is a sum of line
    bundles -> much easier to handle technically

H
1(X,V ) =

�

a

H
1(X,La)

H
1(X,∧2

V ) =
�

a<b

H
1(X,La ⊗ Lb)

    multiplets: 10

   multiplets: 5̄

10a

5̄a,b
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Label           repr. by integer vectors                  with
identification        iff                        .    

S(U(1)5) q = (q1, . . . , q5)

q ∼ q̃ q− q̃ ∈ Z (1, 1, 1, 1, 1)

Recall: 4d gauge group is SU(5)× S(U(1)5) ∼= SU(5)× U(1)4

Describe Wilson line by two    representations    and    .   Γ W W̃
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Label           repr. by integer vectors                  with
identification        iff                        .    

S(U(1)5) q = (q1, . . . , q5)

q ∼ q̃ q− q̃ ∈ Z (1, 1, 1, 1, 1)

Recall: 4d gauge group is SU(5)× S(U(1)5) ∼= SU(5)× U(1)4

Describe Wilson line by two    representations    and    .   Γ W W̃

SU(5) repr. GSM repr. name cohomology

10ea (3,2)1 Qa h
1(X,La,χa ⊗W

∗ ⊗ W̃
∗)

(3̄,1)−4 ua h
1(X,La,χa ⊗W

∗ ⊗W
∗)

(1,1)6 ea h
1(X,La,χa ⊗ W̃

∗ ⊗ W̃
∗)

1̄0−ea (3̄,2)−1 Q̄a h
2(X,La,χa ⊗W

∗ ⊗ W̃
∗)

(3,1)4 ūa h
2(X,La,χa ⊗W

∗ ⊗W
∗)

(1,1)−6 ēa h
2(X,La,χa ⊗ W̃

∗ ⊗ W̃
∗)

5̄ea+eb (3̄,1)2 da,b, Ta,b h
1(La ⊗ Lb,χa ⊗ χb ⊗W )

(1,2)−3 La,b, Ha,b h
1(La ⊗ Lb,χa ⊗ χb ⊗ W̃ )

5−ea−eb (3,1)−2 T̄a,b h
2(La ⊗ Lb,χa ⊗ χb ⊗W )

(1,2)3 H̄a,b h
2(La ⊗ Lb,χa ⊗ χb ⊗ W̃ )

1ea−eb (1,1)0 Sa,b h
1(La ⊗ L

∗
b ,χa ⊗ χ∗

b)

1
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= 0 (no Higgs tripl.)
> 0 (Higgs doublet)

3 {
0{
{3
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Label           repr. by integer vectors                  with
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bundle moduli
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Search for promising models: on complete intersection CYs (CICYs)

for example: quintic               or bi-cubic  X ∼
�
P4|5

�
X ∼

�
P2

P2

����
3
3

�
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Search for promising models: on complete intersection CYs (CICYs)

for example: quintic               or bi-cubic  X ∼
�
P4|5

�
X ∼

�
P2

P2

����
3
3

�

(Hubsch, Green, Lutken, Candelas 1987)
Complete classification of about 8000 spaces

Classification of freely-acting discrete symmetries
(Braun, 2010)

Line bundle cohomology can be computed.
(Anderson, He, Lukas, 2008)
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�
P4|5

�
X ∼
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�

line bundle sums: integer matrix      , where                 (kia) ka ∼ c1(La)

(Hubsch, Green, Lutken, Candelas 1987)
Complete classification of about 8000 spaces

Classification of freely-acting discrete symmetries
(Braun, 2010)

Line bundle cohomology can be computed.
(Anderson, He, Lukas, 2008)

Wednesday, July 4, 2012



Search for promising models: on complete intersection CYs (CICYs)

for example: quintic               or bi-cubic  X ∼
�
P4|5

�
X ∼

�
P2

P2

����
3
3

�

line bundle sums: integer matrix      , where                 (kia) ka ∼ c1(La)

Have scanned CICYs with freely-acting symmetries and
(60 spaces) and line bundle sums                                       . 

h1,1(X) ≤ 5
−9 + h1,1(X) ≤ kia ≤ 0− h1,1(X)

(Hubsch, Green, Lutken, Candelas 1987)
Complete classification of about 8000 spaces

Classification of freely-acting discrete symmetries
(Braun, 2010)

Line bundle cohomology can be computed.
(Anderson, He, Lukas, 2008)
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On CICYs with                 we find
        standard models.*

h1,1(X) = 4, 5

∼ 2000

*standard model: SM gauge group times (anomalous) U(1)s, exact MSSM
matter spectrum, one or more pairs of Higgs doublets, no exotics charged
under standard model group. 
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http://www-thphys.physics.ox.ac.uk/projects/CalabiYau/linebundlemodels/index.html

These models and their details are available at:
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http://www-thphys.physics.ox.ac.uk/projects/CalabiYau/linebundlemodels/index.html

These models and their details are available at:

On CICYs with                 we find
        standard models.*

h1,1(X) = 4, 5

∼ 2000

*standard model: SM gauge group times (anomalous) U(1)s, exact MSSM
matter spectrum, one or more pairs of Higgs doublets, no exotics charged
under standard model group. 

There will be many more! 
(L. Anderson, A. Constantin, J. Gray, AL, E. Palti, in progress)
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Four-dimensional effective theory

gauge group

GSM × S(U(1)5)

charges                   with  q = (q1, . . . , q5) q ∼ q̃ ⇔ q− q̃ ∈ Z(1, 1, 1, 1, 1)
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Four-dimensional effective theory

gauge group

GSM × S(U(1)5)

charges                   with  q = (q1, . . . , q5) q ∼ q̃ ⇔ q− q̃ ∈ Z(1, 1, 1, 1, 1)

matter

(10p) = (Qp
, u

p
, e

p), (5̄p) = (dp, Lp), H, H̄, S
α (p = 1, 2, 3)

Q(10p) = eap Q(5̄p) = ebp + ecp

Q(H) = eh + eg Q(H̄) = −eh̄ − eḡ

Q(Sα) = edα − efα
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Four-dimensional effective theory

gauge group

GSM × S(U(1)5)

charges                   with  q = (q1, . . . , q5) q ∼ q̃ ⇔ q− q̃ ∈ Z(1, 1, 1, 1, 1)
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(10p) = (Qp
, u

p
, e

p), (5̄p) = (dp, Lp), H, H̄, S
α (p = 1, 2, 3)

Q(10p) = eap Q(5̄p) = ebp + ecp

Q(H) = eh + eg Q(H̄) = −eh̄ − eḡ

Q(Sα) = edα − efα

10ap 5̄bp,cp

Hh,g H̄h̄,ḡ

Sdα,fα
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Four-dimensional effective theory

gauge group

GSM × S(U(1)5)

charges                   with  q = (q1, . . . , q5) q ∼ q̃ ⇔ q− q̃ ∈ Z(1, 1, 1, 1, 1)

matter

(10p) = (Qp
, u

p
, e

p), (5̄p) = (dp, Lp), H, H̄, S
α (p = 1, 2, 3)

Q(10p) = eap Q(5̄p) = ebp + ecp

Q(H) = eh + eg Q(H̄) = −eh̄ − eḡ

Q(Sα) = edα − efα

No exotics charged under SM group, no vector-like pairs etc.

10ap 5̄bp,cp

Hh,g H̄h̄,ḡ

Sdα,fα
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moduli
S = s+ iσ, T i = ti + 2iχi, Z, · · ·

δaχ
i = −kia δaσ = −kiaβi
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moduli
S = s+ iσ, T i = ti + 2iχi, Z, · · ·

δaχ
i = −kia δaσ = −kiaβi

U(1) masses
Mab = kT

aGkb

(number of massless U(1)s) = 4− rank(kia)

Wednesday, July 4, 2012



moduli
S = s+ iσ, T i = ti + 2iχi, Z, · · ·

δaχ
i = −kia δaσ = −kiaβi

U(1) masses
Mab = kT

aGkb

(number of massless U(1)s) = 4− rank(kia)

D-terms

4d U(1)s bundle

U(1)4 S(U(1)5)

Da = kiati −
�

α

Qa(S
α)|Sα|2

all          : Sα = 0
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moduli
S = s+ iσ, T i = ti + 2iχi, Z, · · ·

δaχ
i = −kia δaσ = −kiaβi

U(1) masses
Mab = kT

aGkb

(number of massless U(1)s) = 4− rank(kia)

> 4− ( number of T i)

D-terms

4d U(1)s bundle

U(1)4 S(U(1)5)

Da = kiati −
�

α

Qa(S
α)|Sα|2

all          : Sα = 0
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moduli
S = s+ iσ, T i = ti + 2iχi, Z, · · ·

δaχ
i = −kia δaσ = −kiaβi

U(1) masses
Mab = kT

aGkb

(number of massless U(1)s) = 4− rank(kia)

> 4− ( number of T i)

D-terms

4d U(1)s bundle

U(1)4 S(U(1)5)

Da = kiati −
�

α

Qa(S
α)|Sα|2

all          : Sα = 0

U(1)f−1 S(U(n1)× · · ·× U(nf ))some          :Sα �= 0
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t1

t2

Sa,b     small, can be described
in 4d theory 

     large, need to construct
non-Abelian bundle
Sa,b

Sa,b = 0, kiati = 0 , Abelian
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t1

t2

Sa,b     small, can be described
in 4d theory 

     large, need to construct
non-Abelian bundle
Sa,b

Sa,b = 0, kiati = 0 , Abelian

Example: S4,5 �= 0

4d U(1)s: U(1)4 → U(1)3

structure group: S(U(1)5) → S(U(1)3 × U(2))

bundle: V = L1 ⊕ · · ·⊕ L5 → V = L1 ⊕ L2 ⊕ L3 ⊕ U

0 → L4 → U → L5 → 0 , Ext1(L5, L4) ∼= H
1(X,L4 ⊗ L

∗
5) � S4,5
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Constraints from          , e.g. superpotential: S(U(1)5)

W = µ(S,Z)HH̄ + Y
(d)
pq (S,Z)H5̄p10q + Y

(u)
pq (S,Z)H̄10p10q
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Constraints from          , e.g. superpotential: S(U(1)5)

µ = µ0 + µ1,αS
α + µ2,αβS

αSβ + . . .

0 0 for vector-
like H, H̄

constrained by U(1)s

W = µ(S,Z)HH̄ + Y
(d)
pq (S,Z)H5̄p10q + Y

(u)
pq (S,Z)H̄10p10q
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Constraints from          , e.g. superpotential: S(U(1)5)

µ = µ0 + µ1,αS
α + µ2,αβS

αSβ + . . .

0 0 for vector-
like H, H̄

constrained by U(1)s

Y = Y0 + Y1,αS
α + Y2,αβS

αSβ + . . .

Texture at each order in Sα

W = µ(S,Z)HH̄ + Y
(d)
pq (S,Z)H5̄p10q + Y

(u)
pq (S,Z)H̄10p10q
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Constraints from          , e.g. superpotential: S(U(1)5)

µ = µ0 + µ1,αS
α + µ2,αβS

αSβ + . . .

0 0 for vector-
like H, H̄

constrained by U(1)s

Y = Y0 + Y1,αS
α + Y2,αβS

αSβ + . . .

Texture at each order in Sα

W = µ(S,Z)HH̄ + Y
(d)
pq (S,Z)H5̄p10q + Y

(u)
pq (S,Z)H̄10p10q

How to get fermion masses?

rk(Y0) > 0 rk(Y0) = 0, 2, 3top Yukawa:              but only                   possible: 

            but       since H̄a,b10a10b a �= b ∧2V =
�

a<b

La ⊗ Lb
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Two possible ways out:

1) Non-trivial equivariant blocks of line bundles -> analogue
   of F-theory monodromy.
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Two possible ways out:

1) Non-trivial equivariant blocks of line bundles -> analogue
   of F-theory monodromy.

2) Large singlet VEV, so bundle becomes non-Abelian, e.g.

S(U(1)5) → S(U(1)3 ⊗ U(2))

V =
5�

a=1

La → V = L1 ⊕ L2 ⊕ L3 ⊕ U

∧2U∗ �= 0 ⇒ charge − 2e4
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Two possible ways out:

1) Non-trivial equivariant blocks of line bundles -> analogue
   of F-theory monodromy.

2) Large singlet VEV, so bundle becomes non-Abelian, e.g.

S(U(1)5) → S(U(1)3 ⊗ U(2))

V =
5�

a=1

La → V = L1 ⊕ L2 ⊕ L3 ⊕ U

∧2U∗ �= 0 ⇒ charge − 2e4

Note:                    constrained by U(1)s as well e−niT
i

× (matter)

How to generate other masses: 
If some    small: Froggat-Nielsen mechanism Sα

If all    large: non-perturbative effects Sα

... or combination of both
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Phenomenological issues and example
ü Cicy 6777,  Symmetry 1

X =

1 1 0 0
0 0 0 2
0 0 2 0
2 0 0 0
1 1 1 1

hHXL = -64 h1,1HXL = 5 h2,1HXL = 37 c2HTXL = 824, 24, 24, 24, 56<

k = 12 t1 t2 t3+12 t1 t2 t4+12 t1 t3 t4+12 t2 t3 t4+24 t1 t2 t5+24 t1 t3 t5+12 t2 t3 t5+24 t1 t4 t5+24 t2 t4 t5+24 t3 t4 t5+24 t1 t5
2+12 t2 t5

2+12 t3 t5
2+24 t4 t5

2+8 t5
3

symmetry: 1 order: 2

Abelian: True block diagonal: True factors: 82<

Action on coordinates: :

-1 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0
0 0 -1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 -1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 -1 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 -1 0 0 0
0 0 0 0 0 0 0 0 0 -1 0 0
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 1

>

Action on polynomials: :

-1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 -1

>

ü Model number 13,   Identifier {6777, 2, 1}
ü Basic properties

standard model? True massless UH1L: 0 number of 5 5 pairs: 1 c2HVL = 88, 6, 6, 14, 24<

V: HkiaL =

1 1 0 0 -2
0 -1 1 -1 1
0 -2 1 1 0
-1 0 1 0 0
0 1 -1 0 0

Cohomology of V:

L2 = 81, -1, -2, 0, 1< h@L2D = 80, 4, 0, 0< h@L2,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L5 = 8-2, 1, 0, 0, 0< h@L5D = 80, 2, 0, 0< h@L5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L2µL4 = 81, -2, -1, 0, 1< h@L2µL4D = 80, 4, 0, 0< h@L2µL4,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL5 = 8-1, 0, -2, 0, 1< h@L2µL5D = 80, 1, 1, 0< h@L2µL5,RD = 880, 0<, 81, 0<, 81, 0<, 80, 0<<
L4µL5 = 8-2, 0, 1, 0, 0< h@L4µL5D = 80, 2, 0, 0< h@L4µL5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L1µL2* = 80, 1, 2, -1, -1< h@L1µL2*D = 80, 0, 4, 0< h@L1µL2*,RD = 880, 0<, 80, 0<, 82, 2<, 80, 0<<
L1µL5* = 83, -1, 0, -1, 0< h@L1µL5*D = 80, 0, 8, 0< h@L1µL5*,RD = 880, 0<, 80, 0<, 84, 4<, 80, 0<<
L2µL3* = 81, -2, -3, -1, 2< h@L2µL3*D = 80, 4, 0, 0< h@L2µL3*,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL4* = 81, 0, -3, 0, 1< h@L2µL4*D = 80, 12, 0, 0< h@L2µL4*,RD = 880, 0<, 86, 6<, 80, 0<, 80, 0<<
L2µL5* = 83, -2, -2, 0, 1< h@L2µL5*D = 80, 11, 3, 0< h@L2µL5*,RD = 880, 0<, 8-2 + r1, 13 - r1<, 8-6 + r1, 9 - r1<, 80, 0<<
L4µL5* = 82, -2, 1, 0, 0< h@L4µL5*D = 80, 6, 0, 0< h@L4µL5*,RD = 880, 0<, 83, 3<, 80, 0<, 80, 0<<

Wilson line: 880<, 81<< Equivariant structure: 880<, 80<, 80<, 80<, 81<< Higgs pairs: 1

Downstairs spectrum: :2 102, 105, 2 52,4, 54,5, H2,5, H2,5, 2 S2,1, 4 S5,1, 2 S2,3, 6 S2,4, H13- r1LS2,5, H9- r1LS5,2, 3 S4,5> Phys. Higgs: :H2,5, H2,5>

Legend: 9r1Ø rk1AH2AN*µl2µl5*, 2E, H2@l2µl5*, 2DE=

Transfer format: 886, 1, 1, 4, 6, 5, 5, 9, 8, 10, 12, 18, 1, 7, 13<, 86, 6, -1, -1, -1, -1<<

rkHYHuLL = 82, 3< rkHYHdLLL = 80, 0< dim. 4 operators absent: 8True, True< dim. 5 operators absent: 8True, True<

CY data:
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Phenomenological issues and example
ü Cicy 6777,  Symmetry 1

X =

1 1 0 0
0 0 0 2
0 0 2 0
2 0 0 0
1 1 1 1

hHXL = -64 h1,1HXL = 5 h2,1HXL = 37 c2HTXL = 824, 24, 24, 24, 56<

k = 12 t1 t2 t3+12 t1 t2 t4+12 t1 t3 t4+12 t2 t3 t4+24 t1 t2 t5+24 t1 t3 t5+12 t2 t3 t5+24 t1 t4 t5+24 t2 t4 t5+24 t3 t4 t5+24 t1 t5
2+12 t2 t5

2+12 t3 t5
2+24 t4 t5

2+8 t5
3

symmetry: 1 order: 2

Abelian: True block diagonal: True factors: 82<

Action on coordinates: :

-1 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0
0 0 -1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 -1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 -1 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 -1 0 0 0
0 0 0 0 0 0 0 0 0 -1 0 0
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 1

>

Action on polynomials: :

-1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 -1

>

ü Model number 13,   Identifier {6777, 2, 1}
ü Basic properties

standard model? True massless UH1L: 0 number of 5 5 pairs: 1 c2HVL = 88, 6, 6, 14, 24<

V: HkiaL =

1 1 0 0 -2
0 -1 1 -1 1
0 -2 1 1 0
-1 0 1 0 0
0 1 -1 0 0

Cohomology of V:

L2 = 81, -1, -2, 0, 1< h@L2D = 80, 4, 0, 0< h@L2,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L5 = 8-2, 1, 0, 0, 0< h@L5D = 80, 2, 0, 0< h@L5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L2µL4 = 81, -2, -1, 0, 1< h@L2µL4D = 80, 4, 0, 0< h@L2µL4,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL5 = 8-1, 0, -2, 0, 1< h@L2µL5D = 80, 1, 1, 0< h@L2µL5,RD = 880, 0<, 81, 0<, 81, 0<, 80, 0<<
L4µL5 = 8-2, 0, 1, 0, 0< h@L4µL5D = 80, 2, 0, 0< h@L4µL5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L1µL2* = 80, 1, 2, -1, -1< h@L1µL2*D = 80, 0, 4, 0< h@L1µL2*,RD = 880, 0<, 80, 0<, 82, 2<, 80, 0<<
L1µL5* = 83, -1, 0, -1, 0< h@L1µL5*D = 80, 0, 8, 0< h@L1µL5*,RD = 880, 0<, 80, 0<, 84, 4<, 80, 0<<
L2µL3* = 81, -2, -3, -1, 2< h@L2µL3*D = 80, 4, 0, 0< h@L2µL3*,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL4* = 81, 0, -3, 0, 1< h@L2µL4*D = 80, 12, 0, 0< h@L2µL4*,RD = 880, 0<, 86, 6<, 80, 0<, 80, 0<<
L2µL5* = 83, -2, -2, 0, 1< h@L2µL5*D = 80, 11, 3, 0< h@L2µL5*,RD = 880, 0<, 8-2 + r1, 13 - r1<, 8-6 + r1, 9 - r1<, 80, 0<<
L4µL5* = 82, -2, 1, 0, 0< h@L4µL5*D = 80, 6, 0, 0< h@L4µL5*,RD = 880, 0<, 83, 3<, 80, 0<, 80, 0<<

Wilson line: 880<, 81<< Equivariant structure: 880<, 80<, 80<, 80<, 81<< Higgs pairs: 1

Downstairs spectrum: :2 102, 105, 2 52,4, 54,5, H2,5, H2,5, 2 S2,1, 4 S5,1, 2 S2,3, 6 S2,4, H13- r1LS2,5, H9- r1LS5,2, 3 S4,5> Phys. Higgs: :H2,5, H2,5>

Legend: 9r1Ø rk1AH2AN*µl2µl5*, 2E, H2@l2µl5*, 2DE=

Transfer format: 886, 1, 1, 4, 6, 5, 5, 9, 8, 10, 12, 18, 1, 7, 13<, 86, 6, -1, -1, -1, -1<<

rkHYHuLL = 82, 3< rkHYHdLLL = 80, 0< dim. 4 operators absent: 8True, True< dim. 5 operators absent: 8True, True<

CY data:

definition of CY in (P1)×4 × P3
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Phenomenological issues and example
ü Cicy 6777,  Symmetry 1

X =

1 1 0 0
0 0 0 2
0 0 2 0
2 0 0 0
1 1 1 1

hHXL = -64 h1,1HXL = 5 h2,1HXL = 37 c2HTXL = 824, 24, 24, 24, 56<

k = 12 t1 t2 t3+12 t1 t2 t4+12 t1 t3 t4+12 t2 t3 t4+24 t1 t2 t5+24 t1 t3 t5+12 t2 t3 t5+24 t1 t4 t5+24 t2 t4 t5+24 t3 t4 t5+24 t1 t5
2+12 t2 t5

2+12 t3 t5
2+24 t4 t5

2+8 t5
3

symmetry: 1 order: 2

Abelian: True block diagonal: True factors: 82<

Action on coordinates: :

-1 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0
0 0 -1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 -1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 -1 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 -1 0 0 0
0 0 0 0 0 0 0 0 0 -1 0 0
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 1

>

Action on polynomials: :

-1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 -1

>

ü Model number 13,   Identifier {6777, 2, 1}
ü Basic properties

standard model? True massless UH1L: 0 number of 5 5 pairs: 1 c2HVL = 88, 6, 6, 14, 24<

V: HkiaL =

1 1 0 0 -2
0 -1 1 -1 1
0 -2 1 1 0
-1 0 1 0 0
0 1 -1 0 0

Cohomology of V:

L2 = 81, -1, -2, 0, 1< h@L2D = 80, 4, 0, 0< h@L2,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L5 = 8-2, 1, 0, 0, 0< h@L5D = 80, 2, 0, 0< h@L5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L2µL4 = 81, -2, -1, 0, 1< h@L2µL4D = 80, 4, 0, 0< h@L2µL4,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL5 = 8-1, 0, -2, 0, 1< h@L2µL5D = 80, 1, 1, 0< h@L2µL5,RD = 880, 0<, 81, 0<, 81, 0<, 80, 0<<
L4µL5 = 8-2, 0, 1, 0, 0< h@L4µL5D = 80, 2, 0, 0< h@L4µL5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L1µL2* = 80, 1, 2, -1, -1< h@L1µL2*D = 80, 0, 4, 0< h@L1µL2*,RD = 880, 0<, 80, 0<, 82, 2<, 80, 0<<
L1µL5* = 83, -1, 0, -1, 0< h@L1µL5*D = 80, 0, 8, 0< h@L1µL5*,RD = 880, 0<, 80, 0<, 84, 4<, 80, 0<<
L2µL3* = 81, -2, -3, -1, 2< h@L2µL3*D = 80, 4, 0, 0< h@L2µL3*,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL4* = 81, 0, -3, 0, 1< h@L2µL4*D = 80, 12, 0, 0< h@L2µL4*,RD = 880, 0<, 86, 6<, 80, 0<, 80, 0<<
L2µL5* = 83, -2, -2, 0, 1< h@L2µL5*D = 80, 11, 3, 0< h@L2µL5*,RD = 880, 0<, 8-2 + r1, 13 - r1<, 8-6 + r1, 9 - r1<, 80, 0<<
L4µL5* = 82, -2, 1, 0, 0< h@L4µL5*D = 80, 6, 0, 0< h@L4µL5*,RD = 880, 0<, 83, 3<, 80, 0<, 80, 0<<

Wilson line: 880<, 81<< Equivariant structure: 880<, 80<, 80<, 80<, 81<< Higgs pairs: 1

Downstairs spectrum: :2 102, 105, 2 52,4, 54,5, H2,5, H2,5, 2 S2,1, 4 S5,1, 2 S2,3, 6 S2,4, H13- r1LS2,5, H9- r1LS5,2, 3 S4,5> Phys. Higgs: :H2,5, H2,5>

Legend: 9r1Ø rk1AH2AN*µl2µl5*, 2E, H2@l2µl5*, 2DE=

Transfer format: 886, 1, 1, 4, 6, 5, 5, 9, 8, 10, 12, 18, 1, 7, 13<, 86, 6, -1, -1, -1, -1<<

rkHYHuLL = 82, 3< rkHYHdLLL = 80, 0< dim. 4 operators absent: 8True, True< dim. 5 operators absent: 8True, True<

CY data:

topological data

definition of CY in (P1)×4 × P3
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Phenomenological issues and example
ü Cicy 6777,  Symmetry 1

X =

1 1 0 0
0 0 0 2
0 0 2 0
2 0 0 0
1 1 1 1

hHXL = -64 h1,1HXL = 5 h2,1HXL = 37 c2HTXL = 824, 24, 24, 24, 56<

k = 12 t1 t2 t3+12 t1 t2 t4+12 t1 t3 t4+12 t2 t3 t4+24 t1 t2 t5+24 t1 t3 t5+12 t2 t3 t5+24 t1 t4 t5+24 t2 t4 t5+24 t3 t4 t5+24 t1 t5
2+12 t2 t5

2+12 t3 t5
2+24 t4 t5

2+8 t5
3

symmetry: 1 order: 2

Abelian: True block diagonal: True factors: 82<

Action on coordinates: :

-1 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0
0 0 -1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 -1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 -1 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 -1 0 0 0
0 0 0 0 0 0 0 0 0 -1 0 0
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 1

>

Action on polynomials: :

-1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 -1

>

ü Model number 13,   Identifier {6777, 2, 1}
ü Basic properties

standard model? True massless UH1L: 0 number of 5 5 pairs: 1 c2HVL = 88, 6, 6, 14, 24<

V: HkiaL =

1 1 0 0 -2
0 -1 1 -1 1
0 -2 1 1 0
-1 0 1 0 0
0 1 -1 0 0

Cohomology of V:

L2 = 81, -1, -2, 0, 1< h@L2D = 80, 4, 0, 0< h@L2,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L5 = 8-2, 1, 0, 0, 0< h@L5D = 80, 2, 0, 0< h@L5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L2µL4 = 81, -2, -1, 0, 1< h@L2µL4D = 80, 4, 0, 0< h@L2µL4,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL5 = 8-1, 0, -2, 0, 1< h@L2µL5D = 80, 1, 1, 0< h@L2µL5,RD = 880, 0<, 81, 0<, 81, 0<, 80, 0<<
L4µL5 = 8-2, 0, 1, 0, 0< h@L4µL5D = 80, 2, 0, 0< h@L4µL5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L1µL2* = 80, 1, 2, -1, -1< h@L1µL2*D = 80, 0, 4, 0< h@L1µL2*,RD = 880, 0<, 80, 0<, 82, 2<, 80, 0<<
L1µL5* = 83, -1, 0, -1, 0< h@L1µL5*D = 80, 0, 8, 0< h@L1µL5*,RD = 880, 0<, 80, 0<, 84, 4<, 80, 0<<
L2µL3* = 81, -2, -3, -1, 2< h@L2µL3*D = 80, 4, 0, 0< h@L2µL3*,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL4* = 81, 0, -3, 0, 1< h@L2µL4*D = 80, 12, 0, 0< h@L2µL4*,RD = 880, 0<, 86, 6<, 80, 0<, 80, 0<<
L2µL5* = 83, -2, -2, 0, 1< h@L2µL5*D = 80, 11, 3, 0< h@L2µL5*,RD = 880, 0<, 8-2 + r1, 13 - r1<, 8-6 + r1, 9 - r1<, 80, 0<<
L4µL5* = 82, -2, 1, 0, 0< h@L4µL5*D = 80, 6, 0, 0< h@L4µL5*,RD = 880, 0<, 83, 3<, 80, 0<, 80, 0<<

Wilson line: 880<, 81<< Equivariant structure: 880<, 80<, 80<, 80<, 81<< Higgs pairs: 1

Downstairs spectrum: :2 102, 105, 2 52,4, 54,5, H2,5, H2,5, 2 S2,1, 4 S5,1, 2 S2,3, 6 S2,4, H13- r1LS2,5, H9- r1LS5,2, 3 S4,5> Phys. Higgs: :H2,5, H2,5>

Legend: 9r1Ø rk1AH2AN*µl2µl5*, 2E, H2@l2µl5*, 2DE=

Transfer format: 886, 1, 1, 4, 6, 5, 5, 9, 8, 10, 12, 18, 1, 7, 13<, 86, 6, -1, -1, -1, -1<<

rkHYHuLL = 82, 3< rkHYHdLLL = 80, 0< dim. 4 operators absent: 8True, True< dim. 5 operators absent: 8True, True<

CY data:

topological data

volume

definition of CY in (P1)×4 × P3
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Phenomenological issues and example
ü Cicy 6777,  Symmetry 1

X =

1 1 0 0
0 0 0 2
0 0 2 0
2 0 0 0
1 1 1 1

hHXL = -64 h1,1HXL = 5 h2,1HXL = 37 c2HTXL = 824, 24, 24, 24, 56<

k = 12 t1 t2 t3+12 t1 t2 t4+12 t1 t3 t4+12 t2 t3 t4+24 t1 t2 t5+24 t1 t3 t5+12 t2 t3 t5+24 t1 t4 t5+24 t2 t4 t5+24 t3 t4 t5+24 t1 t5
2+12 t2 t5

2+12 t3 t5
2+24 t4 t5

2+8 t5
3

symmetry: 1 order: 2

Abelian: True block diagonal: True factors: 82<

Action on coordinates: :

-1 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0
0 0 -1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 -1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 -1 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 -1 0 0 0
0 0 0 0 0 0 0 0 0 -1 0 0
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 1

>

Action on polynomials: :

-1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 -1

>

ü Model number 13,   Identifier {6777, 2, 1}
ü Basic properties

standard model? True massless UH1L: 0 number of 5 5 pairs: 1 c2HVL = 88, 6, 6, 14, 24<

V: HkiaL =

1 1 0 0 -2
0 -1 1 -1 1
0 -2 1 1 0
-1 0 1 0 0
0 1 -1 0 0

Cohomology of V:

L2 = 81, -1, -2, 0, 1< h@L2D = 80, 4, 0, 0< h@L2,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L5 = 8-2, 1, 0, 0, 0< h@L5D = 80, 2, 0, 0< h@L5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L2µL4 = 81, -2, -1, 0, 1< h@L2µL4D = 80, 4, 0, 0< h@L2µL4,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL5 = 8-1, 0, -2, 0, 1< h@L2µL5D = 80, 1, 1, 0< h@L2µL5,RD = 880, 0<, 81, 0<, 81, 0<, 80, 0<<
L4µL5 = 8-2, 0, 1, 0, 0< h@L4µL5D = 80, 2, 0, 0< h@L4µL5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L1µL2* = 80, 1, 2, -1, -1< h@L1µL2*D = 80, 0, 4, 0< h@L1µL2*,RD = 880, 0<, 80, 0<, 82, 2<, 80, 0<<
L1µL5* = 83, -1, 0, -1, 0< h@L1µL5*D = 80, 0, 8, 0< h@L1µL5*,RD = 880, 0<, 80, 0<, 84, 4<, 80, 0<<
L2µL3* = 81, -2, -3, -1, 2< h@L2µL3*D = 80, 4, 0, 0< h@L2µL3*,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL4* = 81, 0, -3, 0, 1< h@L2µL4*D = 80, 12, 0, 0< h@L2µL4*,RD = 880, 0<, 86, 6<, 80, 0<, 80, 0<<
L2µL5* = 83, -2, -2, 0, 1< h@L2µL5*D = 80, 11, 3, 0< h@L2µL5*,RD = 880, 0<, 8-2 + r1, 13 - r1<, 8-6 + r1, 9 - r1<, 80, 0<<
L4µL5* = 82, -2, 1, 0, 0< h@L4µL5*D = 80, 6, 0, 0< h@L4µL5*,RD = 880, 0<, 83, 3<, 80, 0<, 80, 0<<

Wilson line: 880<, 81<< Equivariant structure: 880<, 80<, 80<, 80<, 81<< Higgs pairs: 1

Downstairs spectrum: :2 102, 105, 2 52,4, 54,5, H2,5, H2,5, 2 S2,1, 4 S5,1, 2 S2,3, 6 S2,4, H13- r1LS2,5, H9- r1LS5,2, 3 S4,5> Phys. Higgs: :H2,5, H2,5>

Legend: 9r1Ø rk1AH2AN*µl2µl5*, 2E, H2@l2µl5*, 2DE=

Transfer format: 886, 1, 1, 4, 6, 5, 5, 9, 8, 10, 12, 18, 1, 7, 13<, 86, 6, -1, -1, -1, -1<<

rkHYHuLL = 82, 3< rkHYHdLLL = 80, 0< dim. 4 operators absent: 8True, True< dim. 5 operators absent: 8True, True<

CY data:

topological data

volume

symmetryZ2

definition of CY in (P1)×4 × P3
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bundle data: 

ü Cicy 6777,  Symmetry 1

X =

1 1 0 0
0 0 0 2
0 0 2 0
2 0 0 0
1 1 1 1

hHXL = -64 h1,1HXL = 5 h2,1HXL = 37 c2HTXL = 824, 24, 24, 24, 56<

k = 12 t1 t2 t3+12 t1 t2 t4+12 t1 t3 t4+12 t2 t3 t4+24 t1 t2 t5+24 t1 t3 t5+12 t2 t3 t5+24 t1 t4 t5+24 t2 t4 t5+24 t3 t4 t5+24 t1 t5
2+12 t2 t5

2+12 t3 t5
2+24 t4 t5

2+8 t5
3

symmetry: 1 order: 2

Abelian: True block diagonal: True factors: 82<

Action on coordinates: :

-1 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0
0 0 -1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 -1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 -1 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 -1 0 0 0
0 0 0 0 0 0 0 0 0 -1 0 0
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 1

>

Action on polynomials: :

-1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 -1

>

ü Model number 13,   Identifier {6777, 2, 1}
ü Basic properties

standard model? True massless UH1L: 0 number of 5 5 pairs: 1 c2HVL = 88, 6, 6, 14, 24<

V: HkiaL =

1 1 0 0 -2
0 -1 1 -1 1
0 -2 1 1 0
-1 0 1 0 0
0 1 -1 0 0

Cohomology of V:

L2 = 81, -1, -2, 0, 1< h@L2D = 80, 4, 0, 0< h@L2,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L5 = 8-2, 1, 0, 0, 0< h@L5D = 80, 2, 0, 0< h@L5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L2µL4 = 81, -2, -1, 0, 1< h@L2µL4D = 80, 4, 0, 0< h@L2µL4,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL5 = 8-1, 0, -2, 0, 1< h@L2µL5D = 80, 1, 1, 0< h@L2µL5,RD = 880, 0<, 81, 0<, 81, 0<, 80, 0<<
L4µL5 = 8-2, 0, 1, 0, 0< h@L4µL5D = 80, 2, 0, 0< h@L4µL5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L1µL2* = 80, 1, 2, -1, -1< h@L1µL2*D = 80, 0, 4, 0< h@L1µL2*,RD = 880, 0<, 80, 0<, 82, 2<, 80, 0<<
L1µL5* = 83, -1, 0, -1, 0< h@L1µL5*D = 80, 0, 8, 0< h@L1µL5*,RD = 880, 0<, 80, 0<, 84, 4<, 80, 0<<
L2µL3* = 81, -2, -3, -1, 2< h@L2µL3*D = 80, 4, 0, 0< h@L2µL3*,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL4* = 81, 0, -3, 0, 1< h@L2µL4*D = 80, 12, 0, 0< h@L2µL4*,RD = 880, 0<, 86, 6<, 80, 0<, 80, 0<<
L2µL5* = 83, -2, -2, 0, 1< h@L2µL5*D = 80, 11, 3, 0< h@L2µL5*,RD = 880, 0<, 8-2 + r1, 13 - r1<, 8-6 + r1, 9 - r1<, 80, 0<<
L4µL5* = 82, -2, 1, 0, 0< h@L4µL5*D = 80, 6, 0, 0< h@L4µL5*,RD = 880, 0<, 83, 3<, 80, 0<, 80, 0<<

Wilson line: 880<, 81<< Equivariant structure: 880<, 80<, 80<, 80<, 81<< Higgs pairs: 1

Downstairs spectrum: :2 102, 105, 2 52,4, 54,5, H2,5, H2,5, 2 S2,1, 4 S5,1, 2 S2,3, 6 S2,4, H13- r1LS2,5, H9- r1LS5,2, 3 S4,5> Phys. Higgs: :H2,5, H2,5>

Legend: 9r1Ø rk1AH2AN*µl2µl5*, 2E, H2@l2µl5*, 2DE=

Transfer format: 886, 1, 1, 4, 6, 5, 5, 9, 8, 10, 12, 18, 1, 7, 13<, 86, 6, -1, -1, -1, -1<<

rkHYHuLL = 82, 3< rkHYHdLLL = 80, 0< dim. 4 operators absent: 8True, True< dim. 5 operators absent: 8True, True<
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bundle data: 

ü Cicy 6777,  Symmetry 1

X =

1 1 0 0
0 0 0 2
0 0 2 0
2 0 0 0
1 1 1 1

hHXL = -64 h1,1HXL = 5 h2,1HXL = 37 c2HTXL = 824, 24, 24, 24, 56<

k = 12 t1 t2 t3+12 t1 t2 t4+12 t1 t3 t4+12 t2 t3 t4+24 t1 t2 t5+24 t1 t3 t5+12 t2 t3 t5+24 t1 t4 t5+24 t2 t4 t5+24 t3 t4 t5+24 t1 t5
2+12 t2 t5

2+12 t3 t5
2+24 t4 t5

2+8 t5
3

symmetry: 1 order: 2

Abelian: True block diagonal: True factors: 82<

Action on coordinates: :

-1 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0
0 0 -1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 -1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 -1 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 -1 0 0 0
0 0 0 0 0 0 0 0 0 -1 0 0
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 1

>

Action on polynomials: :

-1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 -1

>

ü Model number 13,   Identifier {6777, 2, 1}
ü Basic properties

standard model? True massless UH1L: 0 number of 5 5 pairs: 1 c2HVL = 88, 6, 6, 14, 24<

V: HkiaL =

1 1 0 0 -2
0 -1 1 -1 1
0 -2 1 1 0
-1 0 1 0 0
0 1 -1 0 0

Cohomology of V:

L2 = 81, -1, -2, 0, 1< h@L2D = 80, 4, 0, 0< h@L2,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L5 = 8-2, 1, 0, 0, 0< h@L5D = 80, 2, 0, 0< h@L5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L2µL4 = 81, -2, -1, 0, 1< h@L2µL4D = 80, 4, 0, 0< h@L2µL4,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL5 = 8-1, 0, -2, 0, 1< h@L2µL5D = 80, 1, 1, 0< h@L2µL5,RD = 880, 0<, 81, 0<, 81, 0<, 80, 0<<
L4µL5 = 8-2, 0, 1, 0, 0< h@L4µL5D = 80, 2, 0, 0< h@L4µL5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L1µL2* = 80, 1, 2, -1, -1< h@L1µL2*D = 80, 0, 4, 0< h@L1µL2*,RD = 880, 0<, 80, 0<, 82, 2<, 80, 0<<
L1µL5* = 83, -1, 0, -1, 0< h@L1µL5*D = 80, 0, 8, 0< h@L1µL5*,RD = 880, 0<, 80, 0<, 84, 4<, 80, 0<<
L2µL3* = 81, -2, -3, -1, 2< h@L2µL3*D = 80, 4, 0, 0< h@L2µL3*,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL4* = 81, 0, -3, 0, 1< h@L2µL4*D = 80, 12, 0, 0< h@L2µL4*,RD = 880, 0<, 86, 6<, 80, 0<, 80, 0<<
L2µL5* = 83, -2, -2, 0, 1< h@L2µL5*D = 80, 11, 3, 0< h@L2µL5*,RD = 880, 0<, 8-2 + r1, 13 - r1<, 8-6 + r1, 9 - r1<, 80, 0<<
L4µL5* = 82, -2, 1, 0, 0< h@L4µL5*D = 80, 6, 0, 0< h@L4µL5*,RD = 880, 0<, 83, 3<, 80, 0<, 80, 0<<

Wilson line: 880<, 81<< Equivariant structure: 880<, 80<, 80<, 80<, 81<< Higgs pairs: 1

Downstairs spectrum: :2 102, 105, 2 52,4, 54,5, H2,5, H2,5, 2 S2,1, 4 S5,1, 2 S2,3, 6 S2,4, H13- r1LS2,5, H9- r1LS5,2, 3 S4,5> Phys. Higgs: :H2,5, H2,5>

Legend: 9r1Ø rk1AH2AN*µl2µl5*, 2E, H2@l2µl5*, 2DE=

Transfer format: 886, 1, 1, 4, 6, 5, 5, 9, 8, 10, 12, 18, 1, 7, 13<, 86, 6, -1, -1, -1, -1<<

rkHYHuLL = 82, 3< rkHYHdLLL = 80, 0< dim. 4 operators absent: 8True, True< dim. 5 operators absent: 8True, True<

integer matrix defining line bundle sum
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bundle data: 

ü Cicy 6777,  Symmetry 1

X =

1 1 0 0
0 0 0 2
0 0 2 0
2 0 0 0
1 1 1 1

hHXL = -64 h1,1HXL = 5 h2,1HXL = 37 c2HTXL = 824, 24, 24, 24, 56<

k = 12 t1 t2 t3+12 t1 t2 t4+12 t1 t3 t4+12 t2 t3 t4+24 t1 t2 t5+24 t1 t3 t5+12 t2 t3 t5+24 t1 t4 t5+24 t2 t4 t5+24 t3 t4 t5+24 t1 t5
2+12 t2 t5

2+12 t3 t5
2+24 t4 t5

2+8 t5
3

symmetry: 1 order: 2

Abelian: True block diagonal: True factors: 82<

Action on coordinates: :

-1 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0
0 0 -1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 -1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 -1 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 -1 0 0 0
0 0 0 0 0 0 0 0 0 -1 0 0
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 1

>

Action on polynomials: :

-1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 -1

>

ü Model number 13,   Identifier {6777, 2, 1}
ü Basic properties

standard model? True massless UH1L: 0 number of 5 5 pairs: 1 c2HVL = 88, 6, 6, 14, 24<

V: HkiaL =

1 1 0 0 -2
0 -1 1 -1 1
0 -2 1 1 0
-1 0 1 0 0
0 1 -1 0 0

Cohomology of V:

L2 = 81, -1, -2, 0, 1< h@L2D = 80, 4, 0, 0< h@L2,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L5 = 8-2, 1, 0, 0, 0< h@L5D = 80, 2, 0, 0< h@L5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L2µL4 = 81, -2, -1, 0, 1< h@L2µL4D = 80, 4, 0, 0< h@L2µL4,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL5 = 8-1, 0, -2, 0, 1< h@L2µL5D = 80, 1, 1, 0< h@L2µL5,RD = 880, 0<, 81, 0<, 81, 0<, 80, 0<<
L4µL5 = 8-2, 0, 1, 0, 0< h@L4µL5D = 80, 2, 0, 0< h@L4µL5,RD = 880, 0<, 81, 1<, 80, 0<, 80, 0<<
L1µL2* = 80, 1, 2, -1, -1< h@L1µL2*D = 80, 0, 4, 0< h@L1µL2*,RD = 880, 0<, 80, 0<, 82, 2<, 80, 0<<
L1µL5* = 83, -1, 0, -1, 0< h@L1µL5*D = 80, 0, 8, 0< h@L1µL5*,RD = 880, 0<, 80, 0<, 84, 4<, 80, 0<<
L2µL3* = 81, -2, -3, -1, 2< h@L2µL3*D = 80, 4, 0, 0< h@L2µL3*,RD = 880, 0<, 82, 2<, 80, 0<, 80, 0<<
L2µL4* = 81, 0, -3, 0, 1< h@L2µL4*D = 80, 12, 0, 0< h@L2µL4*,RD = 880, 0<, 86, 6<, 80, 0<, 80, 0<<
L2µL5* = 83, -2, -2, 0, 1< h@L2µL5*D = 80, 11, 3, 0< h@L2µL5*,RD = 880, 0<, 8-2 + r1, 13 - r1<, 8-6 + r1, 9 - r1<, 80, 0<<
L4µL5* = 82, -2, 1, 0, 0< h@L4µL5*D = 80, 6, 0, 0< h@L4µL5*,RD = 880, 0<, 83, 3<, 80, 0<, 80, 0<<

Wilson line: 880<, 81<< Equivariant structure: 880<, 80<, 80<, 80<, 81<< Higgs pairs: 1

Downstairs spectrum: :2 102, 105, 2 52,4, 54,5, H2,5, H2,5, 2 S2,1, 4 S5,1, 2 S2,3, 6 S2,4, H13- r1LS2,5, H9- r1LS5,2, 3 S4,5> Phys. Higgs: :H2,5, H2,5>

Legend: 9r1Ø rk1AH2AN*µl2µl5*, 2E, H2@l2µl5*, 2DE=

Transfer format: 886, 1, 1, 4, 6, 5, 5, 9, 8, 10, 12, 18, 1, 7, 13<, 86, 6, -1, -1, -1, -1<<

rkHYHuLL = 82, 3< rkHYHdLLL = 80, 0< dim. 4 operators absent: 8True, True< dim. 5 operators absent: 8True, True<

integer matrix defining line bundle sum

spectrum: 102,102,105, 5̄2,45̄2,4, 5̄4,5, H2,5, H̄2,5,

S5,1, S2,3, S2,4, S2,5, S5,2, S4,5
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allowed operators (1): 
ü Operators
basic superpotential terms:

H10p10q: YHuL =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5

2 S5,2
2 , S2,4 S2,5 S4,5 S5,2

2 = 9S2,5, S2,4 S4,5, S2,5
2 S5,2, S2,4 S2,5 S4,5 S5,2, S2,4

2 S4,5
2 S5,2, S2,5

3 S5,2
2 =

H5p10q: YHdL =
H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

HH: m = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

Wsing = 9S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

R-parity violating terms in superpotential:

HLp: r =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4, S2,4 S2,5 S5,2, S2,4
2 S4,5 S5,2, S2,4 S2,5

2 S5,2
2 =

10p5q5r: l = 88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<

Dimension 5 operators in superpotential:

5p10q10r10s: l' = 888880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<<

D-terms:

FI-terms: kiaki =

-4 t1 t2 - 4 t1 t3 + 4 t2 t4 + 4 t3 t4 - 8 t1 t5 + 8 t4 t5
4 t1 t3 + 8 t2 t3 - 4 t1 t4 + 4 t2 t4 + 8 t3 t4 - 8 t1 t5 + 8 t2 t5 + 12 t3 t5 + 4 t5

2

-4 t2 t4 - 4 t3 t4 + 8 t1 t5 + 4 t2 t5 + 4 t3 t5 + 8 t5
2

4 t1 t2 - 4 t1 t3 + 4 t2 t4 - 4 t3 t4 + 4 t2 t5 - 4 t3 t5
4 t1 t3 - 8 t2 t3 + 4 t1 t4 - 8 t2 t4 - 4 t3 t4 + 8 t1 t5 - 16 t2 t5 - 12 t3 t5 - 8 t4 t5 - 12 t5

2

singlet D-terms: qaaSaS
b
=

-S2,1 S†2,1 -S5,1 S†5,1
S2,1 S†2,1 +S2,3 S†2,3 +S2,4 S†2,4 +S2,5 S†2,5 -S5,2 S†5,2

-S2,3 S†2,3
-S2,4 S†2,4 +S4,5 S†4,5

-S2,5 S†2,5 -S4,5 S†4,5 +S5,1 S†5,1 +S5,2 S†5,2

Kinetic terms:

GM term: m
è
= 9S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S5,2 S†5,1, S2,4 S4,5 S†2,5, S5,1 S†2,1 S†5,2, S2,1 S†2,5 S†5,1, S2,5 S†2,4 S†4,5, S†2,4 S†4,5 S†5,2=

5p5q †: KH5L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

::S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

10p10q †: KH10L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1,

S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>, ::S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>,

:S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

LpH†: r
`
=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4, S2,5 S†4,5, S2,1 S†4,5 S†5,1, S2,4 S2,5 S5,2, S2,4 S†2,5 S†5,2=
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allowed operators (1): 
ü Operators
basic superpotential terms:

H10p10q: YHuL =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5

2 S5,2
2 , S2,4 S2,5 S4,5 S5,2

2 = 9S2,5, S2,4 S4,5, S2,5
2 S5,2, S2,4 S2,5 S4,5 S5,2, S2,4

2 S4,5
2 S5,2, S2,5

3 S5,2
2 =

H5p10q: YHdL =
H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

HH: m = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

Wsing = 9S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

R-parity violating terms in superpotential:

HLp: r =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4, S2,4 S2,5 S5,2, S2,4
2 S4,5 S5,2, S2,4 S2,5

2 S5,2
2 =

10p5q5r: l = 88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<

Dimension 5 operators in superpotential:

5p10q10r10s: l' = 888880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<<

D-terms:

FI-terms: kiaki =

-4 t1 t2 - 4 t1 t3 + 4 t2 t4 + 4 t3 t4 - 8 t1 t5 + 8 t4 t5
4 t1 t3 + 8 t2 t3 - 4 t1 t4 + 4 t2 t4 + 8 t3 t4 - 8 t1 t5 + 8 t2 t5 + 12 t3 t5 + 4 t5

2

-4 t2 t4 - 4 t3 t4 + 8 t1 t5 + 4 t2 t5 + 4 t3 t5 + 8 t5
2

4 t1 t2 - 4 t1 t3 + 4 t2 t4 - 4 t3 t4 + 4 t2 t5 - 4 t3 t5
4 t1 t3 - 8 t2 t3 + 4 t1 t4 - 8 t2 t4 - 4 t3 t4 + 8 t1 t5 - 16 t2 t5 - 12 t3 t5 - 8 t4 t5 - 12 t5

2

singlet D-terms: qaaSaS
b
=

-S2,1 S†2,1 -S5,1 S†5,1
S2,1 S†2,1 +S2,3 S†2,3 +S2,4 S†2,4 +S2,5 S†2,5 -S5,2 S†5,2

-S2,3 S†2,3
-S2,4 S†2,4 +S4,5 S†4,5

-S2,5 S†2,5 -S4,5 S†4,5 +S5,1 S†5,1 +S5,2 S†5,2

Kinetic terms:

GM term: m
è
= 9S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S5,2 S†5,1, S2,4 S4,5 S†2,5, S5,1 S†2,1 S†5,2, S2,1 S†2,5 S†5,1, S2,5 S†2,4 S†4,5, S†2,4 S†4,5 S†5,2=

5p5q †: KH5L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

::S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

10p10q †: KH10L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1,

S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>, ::S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>,

:S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

LpH†: r
`
=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4, S2,5 S†4,5, S2,1 S†4,5 S†5,1, S2,4 S2,5 S5,2, S2,4 S†2,5 S†5,2=

2   Untitled-2

rank 2 for �Sα� = 0

Wednesday, July 4, 2012



allowed operators (1): 
ü Operators
basic superpotential terms:

H10p10q: YHuL =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5

2 S5,2
2 , S2,4 S2,5 S4,5 S5,2

2 = 9S2,5, S2,4 S4,5, S2,5
2 S5,2, S2,4 S2,5 S4,5 S5,2, S2,4

2 S4,5
2 S5,2, S2,5

3 S5,2
2 =

H5p10q: YHdL =
H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

HH: m = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

Wsing = 9S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

R-parity violating terms in superpotential:

HLp: r =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4, S2,4 S2,5 S5,2, S2,4
2 S4,5 S5,2, S2,4 S2,5

2 S5,2
2 =

10p5q5r: l = 88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<

Dimension 5 operators in superpotential:

5p10q10r10s: l' = 888880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<<

D-terms:

FI-terms: kiaki =

-4 t1 t2 - 4 t1 t3 + 4 t2 t4 + 4 t3 t4 - 8 t1 t5 + 8 t4 t5
4 t1 t3 + 8 t2 t3 - 4 t1 t4 + 4 t2 t4 + 8 t3 t4 - 8 t1 t5 + 8 t2 t5 + 12 t3 t5 + 4 t5

2

-4 t2 t4 - 4 t3 t4 + 8 t1 t5 + 4 t2 t5 + 4 t3 t5 + 8 t5
2

4 t1 t2 - 4 t1 t3 + 4 t2 t4 - 4 t3 t4 + 4 t2 t5 - 4 t3 t5
4 t1 t3 - 8 t2 t3 + 4 t1 t4 - 8 t2 t4 - 4 t3 t4 + 8 t1 t5 - 16 t2 t5 - 12 t3 t5 - 8 t4 t5 - 12 t5

2

singlet D-terms: qaaSaS
b
=

-S2,1 S†2,1 -S5,1 S†5,1
S2,1 S†2,1 +S2,3 S†2,3 +S2,4 S†2,4 +S2,5 S†2,5 -S5,2 S†5,2

-S2,3 S†2,3
-S2,4 S†2,4 +S4,5 S†4,5

-S2,5 S†2,5 -S4,5 S†4,5 +S5,1 S†5,1 +S5,2 S†5,2

Kinetic terms:

GM term: m
è
= 9S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S5,2 S†5,1, S2,4 S4,5 S†2,5, S5,1 S†2,1 S†5,2, S2,1 S†2,5 S†5,1, S2,5 S†2,4 S†4,5, S†2,4 S†4,5 S†5,2=

5p5q †: KH5L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

::S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

10p10q †: KH10L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1,

S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>, ::S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>,

:S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

LpH†: r
`
=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4, S2,5 S†4,5, S2,1 S†4,5 S†5,1, S2,4 S2,5 S5,2, S2,4 S†2,5 S†5,2=
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allowed operators (1): 
ü Operators
basic superpotential terms:

H10p10q: YHuL =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5

2 S5,2
2 , S2,4 S2,5 S4,5 S5,2

2 = 9S2,5, S2,4 S4,5, S2,5
2 S5,2, S2,4 S2,5 S4,5 S5,2, S2,4

2 S4,5
2 S5,2, S2,5

3 S5,2
2 =

H5p10q: YHdL =
H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

HH: m = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

Wsing = 9S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

R-parity violating terms in superpotential:

HLp: r =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4, S2,4 S2,5 S5,2, S2,4
2 S4,5 S5,2, S2,4 S2,5

2 S5,2
2 =

10p5q5r: l = 88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<

Dimension 5 operators in superpotential:

5p10q10r10s: l' = 888880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<<

D-terms:

FI-terms: kiaki =

-4 t1 t2 - 4 t1 t3 + 4 t2 t4 + 4 t3 t4 - 8 t1 t5 + 8 t4 t5
4 t1 t3 + 8 t2 t3 - 4 t1 t4 + 4 t2 t4 + 8 t3 t4 - 8 t1 t5 + 8 t2 t5 + 12 t3 t5 + 4 t5

2

-4 t2 t4 - 4 t3 t4 + 8 t1 t5 + 4 t2 t5 + 4 t3 t5 + 8 t5
2

4 t1 t2 - 4 t1 t3 + 4 t2 t4 - 4 t3 t4 + 4 t2 t5 - 4 t3 t5
4 t1 t3 - 8 t2 t3 + 4 t1 t4 - 8 t2 t4 - 4 t3 t4 + 8 t1 t5 - 16 t2 t5 - 12 t3 t5 - 8 t4 t5 - 12 t5

2

singlet D-terms: qaaSaS
b
=

-S2,1 S†2,1 -S5,1 S†5,1
S2,1 S†2,1 +S2,3 S†2,3 +S2,4 S†2,4 +S2,5 S†2,5 -S5,2 S†5,2

-S2,3 S†2,3
-S2,4 S†2,4 +S4,5 S†4,5

-S2,5 S†2,5 -S4,5 S†4,5 +S5,1 S†5,1 +S5,2 S†5,2

Kinetic terms:

GM term: m
è
= 9S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S5,2 S†5,1, S2,4 S4,5 S†2,5, S5,1 S†2,1 S†5,2, S2,1 S†2,5 S†5,1, S2,5 S†2,4 S†4,5, S†2,4 S†4,5 S†5,2=

5p5q †: KH5L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

::S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

10p10q †: KH10L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1,

S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>, ::S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>,

:S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

LpH†: r
`
=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4, S2,5 S†4,5, S2,1 S†4,5 S†5,1, S2,4 S2,5 S5,2, S2,4 S†2,5 S†5,2=
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allowed operators (1): 
ü Operators
basic superpotential terms:

H10p10q: YHuL =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5

2 S5,2
2 , S2,4 S2,5 S4,5 S5,2

2 = 9S2,5, S2,4 S4,5, S2,5
2 S5,2, S2,4 S2,5 S4,5 S5,2, S2,4

2 S4,5
2 S5,2, S2,5

3 S5,2
2 =

H5p10q: YHdL =
H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

HH: m = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

Wsing = 9S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

R-parity violating terms in superpotential:

HLp: r =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4, S2,4 S2,5 S5,2, S2,4
2 S4,5 S5,2, S2,4 S2,5

2 S5,2
2 =

10p5q5r: l = 88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<

Dimension 5 operators in superpotential:

5p10q10r10s: l' = 888880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<<

D-terms:

FI-terms: kiaki =

-4 t1 t2 - 4 t1 t3 + 4 t2 t4 + 4 t3 t4 - 8 t1 t5 + 8 t4 t5
4 t1 t3 + 8 t2 t3 - 4 t1 t4 + 4 t2 t4 + 8 t3 t4 - 8 t1 t5 + 8 t2 t5 + 12 t3 t5 + 4 t5

2

-4 t2 t4 - 4 t3 t4 + 8 t1 t5 + 4 t2 t5 + 4 t3 t5 + 8 t5
2

4 t1 t2 - 4 t1 t3 + 4 t2 t4 - 4 t3 t4 + 4 t2 t5 - 4 t3 t5
4 t1 t3 - 8 t2 t3 + 4 t1 t4 - 8 t2 t4 - 4 t3 t4 + 8 t1 t5 - 16 t2 t5 - 12 t3 t5 - 8 t4 t5 - 12 t5

2

singlet D-terms: qaaSaS
b
=

-S2,1 S†2,1 -S5,1 S†5,1
S2,1 S†2,1 +S2,3 S†2,3 +S2,4 S†2,4 +S2,5 S†2,5 -S5,2 S†5,2

-S2,3 S†2,3
-S2,4 S†2,4 +S4,5 S†4,5

-S2,5 S†2,5 -S4,5 S†4,5 +S5,1 S†5,1 +S5,2 S†5,2

Kinetic terms:

GM term: m
è
= 9S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S5,2 S†5,1, S2,4 S4,5 S†2,5, S5,1 S†2,1 S†5,2, S2,1 S†2,5 S†5,1, S2,5 S†2,4 S†4,5, S†2,4 S†4,5 S†5,2=

5p5q †: KH5L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

::S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

10p10q †: KH10L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1,

S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>, ::S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>,

:S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

LpH†: r
`
=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4, S2,5 S†4,5, S2,1 S†4,5 S†5,1, S2,4 S2,5 S5,2, S2,4 S†2,5 S†5,2=
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allowed operators (1): 
ü Operators
basic superpotential terms:

H10p10q: YHuL =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5

2 S5,2
2 , S2,4 S2,5 S4,5 S5,2

2 = 9S2,5, S2,4 S4,5, S2,5
2 S5,2, S2,4 S2,5 S4,5 S5,2, S2,4

2 S4,5
2 S5,2, S2,5

3 S5,2
2 =

H5p10q: YHdL =
H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

HH: m = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

Wsing = 9S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

R-parity violating terms in superpotential:

HLp: r =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4, S2,4 S2,5 S5,2, S2,4
2 S4,5 S5,2, S2,4 S2,5

2 S5,2
2 =

10p5q5r: l = 88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<

Dimension 5 operators in superpotential:

5p10q10r10s: l' = 888880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<<

D-terms:

FI-terms: kiaki =

-4 t1 t2 - 4 t1 t3 + 4 t2 t4 + 4 t3 t4 - 8 t1 t5 + 8 t4 t5
4 t1 t3 + 8 t2 t3 - 4 t1 t4 + 4 t2 t4 + 8 t3 t4 - 8 t1 t5 + 8 t2 t5 + 12 t3 t5 + 4 t5

2

-4 t2 t4 - 4 t3 t4 + 8 t1 t5 + 4 t2 t5 + 4 t3 t5 + 8 t5
2

4 t1 t2 - 4 t1 t3 + 4 t2 t4 - 4 t3 t4 + 4 t2 t5 - 4 t3 t5
4 t1 t3 - 8 t2 t3 + 4 t1 t4 - 8 t2 t4 - 4 t3 t4 + 8 t1 t5 - 16 t2 t5 - 12 t3 t5 - 8 t4 t5 - 12 t5

2

singlet D-terms: qaaSaS
b
=

-S2,1 S†2,1 -S5,1 S†5,1
S2,1 S†2,1 +S2,3 S†2,3 +S2,4 S†2,4 +S2,5 S†2,5 -S5,2 S†5,2

-S2,3 S†2,3
-S2,4 S†2,4 +S4,5 S†4,5

-S2,5 S†2,5 -S4,5 S†4,5 +S5,1 S†5,1 +S5,2 S†5,2

Kinetic terms:

GM term: m
è
= 9S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S5,2 S†5,1, S2,4 S4,5 S†2,5, S5,1 S†2,1 S†5,2, S2,1 S†2,5 S†5,1, S2,5 S†2,4 S†4,5, S†2,4 S†4,5 S†5,2=

5p5q †: KH5L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

::S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

10p10q †: KH10L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1,

S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>, ::S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>,

:S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

LpH†: r
`
=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4, S2,5 S†4,5, S2,1 S†4,5 S†5,1, S2,4 S2,5 S5,2, S2,4 S†2,5 S†5,2=
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allowed operators (1): 
ü Operators
basic superpotential terms:

H10p10q: YHuL =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5

2 S5,2
2 , S2,4 S2,5 S4,5 S5,2

2 = 9S2,5, S2,4 S4,5, S2,5
2 S5,2, S2,4 S2,5 S4,5 S5,2, S2,4

2 S4,5
2 S5,2, S2,5

3 S5,2
2 =

H5p10q: YHdL =
H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

HH: m = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

Wsing = 9S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

R-parity violating terms in superpotential:

HLp: r =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4, S2,4 S2,5 S5,2, S2,4
2 S4,5 S5,2, S2,4 S2,5

2 S5,2
2 =

10p5q5r: l = 88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<

Dimension 5 operators in superpotential:

5p10q10r10s: l' = 888880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<<

D-terms:

FI-terms: kiaki =

-4 t1 t2 - 4 t1 t3 + 4 t2 t4 + 4 t3 t4 - 8 t1 t5 + 8 t4 t5
4 t1 t3 + 8 t2 t3 - 4 t1 t4 + 4 t2 t4 + 8 t3 t4 - 8 t1 t5 + 8 t2 t5 + 12 t3 t5 + 4 t5

2

-4 t2 t4 - 4 t3 t4 + 8 t1 t5 + 4 t2 t5 + 4 t3 t5 + 8 t5
2

4 t1 t2 - 4 t1 t3 + 4 t2 t4 - 4 t3 t4 + 4 t2 t5 - 4 t3 t5
4 t1 t3 - 8 t2 t3 + 4 t1 t4 - 8 t2 t4 - 4 t3 t4 + 8 t1 t5 - 16 t2 t5 - 12 t3 t5 - 8 t4 t5 - 12 t5

2

singlet D-terms: qaaSaS
b
=

-S2,1 S†2,1 -S5,1 S†5,1
S2,1 S†2,1 +S2,3 S†2,3 +S2,4 S†2,4 +S2,5 S†2,5 -S5,2 S†5,2

-S2,3 S†2,3
-S2,4 S†2,4 +S4,5 S†4,5

-S2,5 S†2,5 -S4,5 S†4,5 +S5,1 S†5,1 +S5,2 S†5,2

Kinetic terms:

GM term: m
è
= 9S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S5,2 S†5,1, S2,4 S4,5 S†2,5, S5,1 S†2,1 S†5,2, S2,1 S†2,5 S†5,1, S2,5 S†2,4 S†4,5, S†2,4 S†4,5 S†5,2=

5p5q †: KH5L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

::S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

10p10q †: KH10L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1,

S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>, ::S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>,

:S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

LpH†: r
`
=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4, S2,5 S†4,5, S2,1 S†4,5 S†5,1, S2,4 S2,5 S5,2, S2,4 S†2,5 S†5,2=
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allowed operators (2): 

ü Operators
basic superpotential terms:

H10p10q: YHuL =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5

2 S5,2
2 , S2,4 S2,5 S4,5 S5,2

2 = 9S2,5, S2,4 S4,5, S2,5
2 S5,2, S2,4 S2,5 S4,5 S5,2, S2,4

2 S4,5
2 S5,2, S2,5

3 S5,2
2 =

H5p10q: YHdL =
H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

HH: m = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

Wsing = 9S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

R-parity violating terms in superpotential:

HLp: r =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4, S2,4 S2,5 S5,2, S2,4
2 S4,5 S5,2, S2,4 S2,5

2 S5,2
2 =

10p5q5r: l = 88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<

Dimension 5 operators in superpotential:

5p10q10r10s: l' = 888880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<<

D-terms:

FI-terms: kiaki =

-4 t1 t2 - 4 t1 t3 + 4 t2 t4 + 4 t3 t4 - 8 t1 t5 + 8 t4 t5
4 t1 t3 + 8 t2 t3 - 4 t1 t4 + 4 t2 t4 + 8 t3 t4 - 8 t1 t5 + 8 t2 t5 + 12 t3 t5 + 4 t5

2

-4 t2 t4 - 4 t3 t4 + 8 t1 t5 + 4 t2 t5 + 4 t3 t5 + 8 t5
2

4 t1 t2 - 4 t1 t3 + 4 t2 t4 - 4 t3 t4 + 4 t2 t5 - 4 t3 t5
4 t1 t3 - 8 t2 t3 + 4 t1 t4 - 8 t2 t4 - 4 t3 t4 + 8 t1 t5 - 16 t2 t5 - 12 t3 t5 - 8 t4 t5 - 12 t5

2

singlet D-terms: qaaSaS
b
=

-S2,1 S†2,1 -S5,1 S†5,1
S2,1 S†2,1 +S2,3 S†2,3 +S2,4 S†2,4 +S2,5 S†2,5 -S5,2 S†5,2

-S2,3 S†2,3
-S2,4 S†2,4 +S4,5 S†4,5

-S2,5 S†2,5 -S4,5 S†4,5 +S5,1 S†5,1 +S5,2 S†5,2

Kinetic terms:

GM term: m
è
= 9S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S5,2 S†5,1, S2,4 S4,5 S†2,5, S5,1 S†2,1 S†5,2, S2,1 S†2,5 S†5,1, S2,5 S†2,4 S†4,5, S†2,4 S†4,5 S†5,2=

5p5q †: KH5L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

::S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

10p10q †: KH10L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1,

S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>, ::S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>,

:S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

LpH†: r
`
=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4 S†2,5, S2,4 S5,2, S2,4 S5,1 S†2,1, S2,5 S5,2 S†4,5=

9S2,4, S2,5 S†4,5, S2,1 S†4,5 S†5,1, S2,4 S2,5 S5,2, S2,4 S†2,5 S†5,2=
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allowed operators (2): 

ü Operators
basic superpotential terms:

H10p10q: YHuL =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 9S5,2, S2,5 S5,2
2 , S2,4 S4,5 S5,2

2 , S2,5
2 S5,2

3 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5

2 S5,2
2 , S2,4 S2,5 S4,5 S5,2

2 = 9S2,5, S2,4 S4,5, S2,5
2 S5,2, S2,4 S2,5 S4,5 S5,2, S2,4

2 S4,5
2 S5,2, S2,5

3 S5,2
2 =

H5p10q: YHdL =
H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

H 0 L H 0 L H 0 L

HH: m = 91, S2,5 S5,2, S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

Wsing = 9S2,4 S4,5 S5,2, S2,5
2 S5,2

2 , S2,4 S2,5 S4,5 S5,2
2 =

R-parity violating terms in superpotential:

HLp: r =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4 S5,2, S2,4 S2,5 S5,2
2 , S2,4

2 S4,5 S5,2
2 =

9S2,4, S2,4 S2,5 S5,2, S2,4
2 S4,5 S5,2, S2,4 S2,5

2 S5,2
2 =

10p5q5r: l = 88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<

Dimension 5 operators in superpotential:

5p10q10r10s: l' = 888880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<,

88880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<, 8880<, 80<, 80<<, 880<, 80<, 80<<, 880<, 80<, 80<<<<<

D-terms:

FI-terms: kiaki =

-4 t1 t2 - 4 t1 t3 + 4 t2 t4 + 4 t3 t4 - 8 t1 t5 + 8 t4 t5
4 t1 t3 + 8 t2 t3 - 4 t1 t4 + 4 t2 t4 + 8 t3 t4 - 8 t1 t5 + 8 t2 t5 + 12 t3 t5 + 4 t5

2

-4 t2 t4 - 4 t3 t4 + 8 t1 t5 + 4 t2 t5 + 4 t3 t5 + 8 t5
2

4 t1 t2 - 4 t1 t3 + 4 t2 t4 - 4 t3 t4 + 4 t2 t5 - 4 t3 t5
4 t1 t3 - 8 t2 t3 + 4 t1 t4 - 8 t2 t4 - 4 t3 t4 + 8 t1 t5 - 16 t2 t5 - 12 t3 t5 - 8 t4 t5 - 12 t5

2

singlet D-terms: qaaSaS
b
=

-S2,1 S†2,1 -S5,1 S†5,1
S2,1 S†2,1 +S2,3 S†2,3 +S2,4 S†2,4 +S2,5 S†2,5 -S5,2 S†5,2

-S2,3 S†2,3
-S2,4 S†2,4 +S4,5 S†4,5

-S2,5 S†2,5 -S4,5 S†4,5 +S5,1 S†5,1 +S5,2 S†5,2

Kinetic terms:

GM term: m
è
= 9S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S5,2 S†5,1, S2,4 S4,5 S†2,5, S5,1 S†2,1 S†5,2, S2,1 S†2,5 S†5,1, S2,5 S†2,4 S†4,5, S†2,4 S†4,5 S†5,2=

5p5q †: KH5L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S2,5, S†5,2, S2,1 S†5,1, S2,4 S4,5, S2,5
2 S5,2, S†2,5 IS†M5,2

2
>>,

::S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=>>

10p10q †: KH10L = ::91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=,

91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
2 S†5,2, S2,5 S5,2

2 >>,

:91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1, S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, 91, S2,5 S5,2, S†2,5 S†5,2, S2,5 S5,1 S†2,1, S2,1 S†2,5 S†5,1,

S2,1 S5,2 S†5,1, S5,1 S†2,1 S†5,2, S2,4 S4,5 S†2,5, S2,5 S†2,4 S†4,5, S2,4 S4,5 S5,2, S†2,4 S†4,5 S†5,2=, :S†2,5, S5,2, S5,1 S†2,1, S†2,4 S†4,5, IS†M2,5
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present) and, for a given model, many choices result in the same spectrum. In our scan, we have only

kept the cases which lead to an acceptable spectrum and we have chosen one representative model per

spectrum generated. This leads to a total of 2122 line bundle standard models which originate from the

202 GUT models. A list of these models is available as a data file at [38]. Upon inspection it turns out

that many of these models are closely related in that they have the same spectrum and are based on the

same (or equivalent) Calabi-Yau manifolds and the same bundle. Two models related in this way look

identical for the purposes of this paper, although, since they are generally based on different symmetries of

the Calabi-Yau manifold, they may differ at a more detailed level. We have eliminated these redundancies

in the explicit printout of the models, in order to keep the size manageable. This results in 407 models

available in the printed lists at [38]. The statistics of phenomenological properties below is based on these

407 models.

The results are summarized in Table 1 below. A few comments on what precisely is being counted

standard no mass- 1 Higgs 2 Higgs 3 Higgs rk(Y (u)
) no proton decay, 1 Higgs, rk(Y (u)

) > 0,

models less U(1) pair pairs pairs > 0 λ = λ�
= 0 λ = λ�

= 0, U(1)s massive

407 237 262 77 63 45 198 13

Table 1: Statistics of basic properties in the standard model database [38].

are in order. The number of massless U(1) vector fields and the number of Higgs pairs is determined

at the Abelian locus Sα
= 0 where all singlet VEVs vanish. As discussed earlier, massless U(1) vector

bosons can acquire a mass when singlet VEVs are switched on. This means that the 170 models with

such a massless vector boson are not necessarily ruled out but have to be analyzed in more detail. A

similar remark applies to models with more than one Higgs pair. The rank of the up Yukawa matrix

Y (u)
in column six of the table has also been determined for vanishing singlet VEVs. It can be shown

that the U(1) symmetries in J never allow an up Yukawa matrix with rank one and, it turns out there

are no examples with rk(Y (u)
) = 3 in our list. This means all 45 models mentioned in column six have

Y (u)
= 2 while all remaining models have an entirely vanishing up Yukawa matrix for vanishing singlet

VEVs. A positive rank for Y (u)
is, of course, desirable since we would like a top Yukawa coupling of

order one, however, it would be preferable to have rk(Y (u)
) = 1. This can, in fact, be achieved for related

constructions, to be discussed in the second part of the paper, which lead to fewer U(1) symmetries in

the low-energy theory.

The second last column in the table gives the number of models for which all proton decay operators

in (2.11) and (2.12) vanish, that is, λpqr = 0 and λ�
pqrs = 0 for all values of the family indices and in the

presence of generic singlet VEVs. Evidently, this is a fairly strong condition which is sufficient but not

necessary to guarantee that such operators do not destabilize the proton. For example, some terms for

the second and third family might be allowed, particularly if they are suppressed by small singlet VEVs.

This has to be studied in detail on a case-by-case basis. At any rate, it is encouraging that we remain

with 13 models even when all conditions are imposed simultaneously, as in the last column of Table 1.

22

Overview of phenomenological properties:
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Moduli stabilization

} typically sum up to 
O(10) - O(100)

          Kahler moduli   h1,1(X) T i

          complex structure moduli    h2,1(X) Za

                 bundle moduli    h1(X,V ⊗ V ∗)

 dilaton    S

Sα
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Moduli stabilization

} typically sum up to 
O(10) - O(100)

          Kahler moduli   h1,1(X) T i

          complex structure moduli    h2,1(X) Za

                 bundle moduli    h1(X,V ⊗ V ∗)

 dilaton    S

Sα

Usually               , so there is room for a hidden bundle c2(V ) < c2(TX) Ṽ

Stabilize moduli by hidden    flux E8

Analogue of IIB stabilization cannot be realized easily:

 Small     difficult to achieve since there are fewer fluxes. W0

     only depends on   , but not on   .    W0 Za S
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 Hidden line bundles        can stabilize (up to) all but one
   of         through FI terms. 

L ⊂ Ṽ
(S, T i)
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Probably need to combine D-terms, matter superpotential 
for     and non-perturbative effects to stabilize all moduli
and break Susy. 

Sα

(B. Dundee, S. Raby, A. Westphal 2010;
 S. Parameswaran, I. Zavala, S. Ramos-Sanchez, 2011)

 Hidden line bundles        can stabilize (up to) all but one
   of         through FI terms. 

L ⊂ Ṽ
(S, T i)

 Hidden non-Abelian bundles (e.g. SU(2)) can stabilize most
   or all complex structure moduli.

 At this stage still a Susy Minkowski vacuum with, say,
              left as moduli.S, T, Sα

 Non-pert. effects can stabilize       in Susy AdS vacuum. S, T
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Conclusion and outlook
 We can “mass-produce” heterotic CY standard models.  

   Many more than the current 2000 models will be found.

 The additional U(1) symmetries of these models constrain
   the 4d theory significantly.

 More detailed model building (proton stability, fermion
   masses) is now possible.

 Moduli stabilization via hidden bundle looks promising.
   Remaining moduli have to be stabilized non-perturbatively,
   with Susy broken -> soft breaking parameters.

 Calculation of superpotential terms feasible but matter
   field Kahler metric remains a problem. 

 Finding discrete symmetries...    (M. Klaput, C. Mishra, AL, in progress)
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Thanks
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