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SU(4) Heterotic Compactification:

V , G = SU(4)
“slope” stable

D = 6X, “Schoen” CY 

W , F = Z3 × Z3R4

N = 1 SUSY

G = SU(4)⇒ E8 → Spin(10)

R4 Theory Gauge Group:

Choose the               Wilson lines to be Z3 × Z3

χT3R = eiYT3R
2π
3 , χB−L = eiYB−L

2π
3



where
2(H1 + H2 + H3) = 3(B − L)YB−L =

H4 + H5 = 2(Y − 1
2
(B − L)) = 2T3RYT3R =

arise “naturally” and is called the “canonical basis”. ⇒
Spin(10)→ SU(3)C × SU(2)L× U(1)T3R × U(1)B−L

R4 Theory Spectrum:

nr = (h1(X, UR(V ))⊗R)Z3×Z3 .⇒ of quarks/leptons3 families 

and 1 pair of Higgs-Higgs conjugate fields

under



That is



We can prove a theorem that

Sequential Wilson Line Breaking:

π1

�
X/(Z3 × Z3)

�
= Z3 × Z3⇒ 2 independent classes of 

non-contractible curves.⇒ each Wilson line has a mass scale 
MχT3R

,MχB−L . Three possibilities

MχT3R
�MχB−L , MχB−L > MχT3R

MχT3R
> MχB−L

.
,

There are many pairs of  U(1)XU(1) generators with these two

properties--such as . So why have we chosen the canonical

basis? Answer--kinetic mixing.



●



MI

MB−L

V

ν̃ ⇒ U(1)T3R × U(1)B−L → U(1)Y

SU(3)C × SU(2)L × U(1)Y MSSM with⇒
, ,

(= MZ� =
√

2 |mν̃ |)

�ν̃� spontaneously breaks R − parity

Third family sneutrino:

m2
ν̃ = −|mν̃ |2

R = (−1)3(B−L)+2s ⇒ R|ν̃ = −1⇒



MB−L

MSUSY ≡
�

t̃1t̃2

MEW ≡MZ = 91.2GeV

mh0

⇒

= 125.36± 0.82 GeV

leading log improved version of

> 2.5 TeV



We will enforce gauge coupling unification using the experimental

determine both MI, αu in terms of MSUSY and MB−L

values at MEW . This allows us to 

For example, in the left-right case taking

andMu .

⇒



In addition, we will enforce that all sparticle masses exceed their

present experimental bounds. These are given by

Finally, we will require that the physical Higgs mass be within 2σ

of the ATLAS measured value. That is,

mh0 = 125.36± 0.82 GeV



Of more than 100 soft SUSY breaking dimensionful parameters,  
experimental constraints, such as flavor changing neutral currents,

reduce the number to 24.  We will statistically scatter all 24
at      around a chosen “average” mass M.MI

That is,

for m = msoft, Mgaugino, Acubic
M

f
< m < Mf

M and f are chosen as follows.

initial massive parameters

for some dimensionless number f

We

.



The result is

The number a valid accessible points is maximized approximately at

M = 2.7 TeV , f = 3.3

which we use henceforth.



We first consider the prevalence of B-L symmetry breaking. 
Defining

which determine this breaking, we find



B-L symmetry breaking with⇒ MZ� > 2.5 TeV is abundant and
does not require universal soft masses or other special choices of 

the intital parameters. For example

show the largest and smallest amount of splitting of the initial soft
masses leading to physically acceptable B-L breaking (as well as

satisfying all other physical constraints).



“Main Scan”:  Choose M = 2.7 TeV , f = 3.3 and scan
10,000,000 points ⇒

• break U(1)3R × U(1)B−L → U(1)Y

• break SU(2)L × U(1)Y → U(1)EM with MZ = 91.2 GeV

58,096 points

with MZ� > 2.5 TeV 919,117 points

722,750 points

276,676 points

• mh0 = 125.36± 0.82 GeV

• satisfy all sparticle lower mass bounds



One can analyze the mass spectrum over the 58,096 acceptable 
(black) points. For example

Note that ⇒ Z � is potentially observable 
at the LHC.  Although statistically the largest number of left-handed
sleptons have mass of order 2.5 TeV,  they can be < 500GeV.

2.5 TeV < MZ� < 6 TeV



Similarly, for left- and right-handed squarks

(a) (b)

(c)



For a given acceptable point, one can calculate and plot the 
sparticle spectrum. For example 

.

(a)

and (b) have a neutralino and admixture stop LSP respectively.(a)

(b)



The phenomenologically acceptable vacua can have different LSP’s.

Statistically, over the 58,096 good points we fiind

These include B̃, ν̃, τ̃ , t̃, . . . . Note that they now can be charged 
and colored since they decay sufficiently quickly due to RPV 
interactions.



with mixing angle 0 < θt < 90◦ .  Generically, t̃1 decays via RPV

interactions as a “leptoquark” ⇒

The left and right stops diagonalize to mass eigenstates mt̃1 < mt̃2

Some low energy “physics”: 

Pick black points with a stop LSP.

For an “admixture” LSP , the dominant channel is(θt � 80◦)



Conclusion:  The VEV of the right-handed third-family sneutrino

b) Majorana masses for the neutrinos via a “see-saw” mechanism.

a) The partial widths of the stop LSP decays via RPV interactions.

⇒

⇒ Relationship between stop LSP decays and the 

neutrino mass hierarchy!

After analyzing the partial widths for the LSP decay under the 

the assumption of “prompt” decays, and the associated neutrino 

mass matrix one determines the following.

Let us analyze the case for an “admixture” stop LSP.  The 

result is



Defining and using 

⇒



Using previous leptoquark searches at the LHC, one can put
lower bounds on the LSP stop. We find that


