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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

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.



⇒, (Hi|Hj) = δij the “Killing” bracket

(YT3R |YB−L) = 0 ⇒ Tr(YT3RYB−L)so(10) = 0 ⇒ no initial mixing

Canonical Kinetic Mixing:

For arbitrary U(1)1 × U(1)2

For U(1)T3R × U(1)B−L

Furthermore, for the canonical basis

Tr(YT3RYB−L)16 = 0 Tr(YY3RYB−L)HH̄ = 0, 

This is not true for any other pair of generators--such as .



What about non-canonical bases? 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

.
,



●



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

> 2.3 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 .

⇒



We will enforce that all sparticle masses exceed their present
experimental bounds. For example, LSP independent bounds are

For, let us say, a stop LSP some bounds are

Finally, we will statistically scatter all initial massive parameters
at       around a chosen “average” mass M.MI That is,

for m = msoft, Mgaugino, Acubic

Also demand gaugino mass unification at Mu .

M

f
< m < Mf



Typical “run”:    Choose

• 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

• satisfy all sparticle experimental lower bounds

and scan

10,000,000 points ⇒

45,000 points

M = 2280 GeV , f = 4

with MZ� > 2.3 TeV

• mh0 = 125.36± 0.82 GeV



One can analyze the mass spectrum over the 45,000 acceptable 

(black) points. For example

Note that 2.3 TeV < MZ� < 6 TeV ⇒ 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.

The phenomenologically acceptable vacua can have different LSP’s.



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

interactions. Here we will consider third family stop LSP’s since

they are exotic and are directly and copiously produced at the LHC.

For example, at one acceptable point the sparticle spectrum is 

MZ�

MSUSY

MEW



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



where

Furthermore, demanding that these decays be “prompt”, 

that is, the decay length be less than 1mm in the chamber⇒
10−4 GeV < �i(=

1√
2
Yνi3vR) < 1 GeV

For an “admixture” LSP , the dominant channel is

with partial widths

(θt � 80◦)

Inserting these (and other constraints) into the neutralino 

mass matrix ⇒



•

•
One order TeV and two light “sterile” right-handed neutrinos. 

Three left-handed neutrinos with Majorana mass matrix

A,B,C are complicated flavor independent functions of all

parameters.

Independently of A,B,C we find det mνij = 0

one massless eigenstate. ⇒ The left-handed neutrino masses 

must either be in a “normal hierarchy” (NH) with

with only

or in an “inverted hierarchy” (IH) with

We inserted the zero mass and used the atmospheric/solar data.



Additionally, when diagonalizing the mass matrix one must fix 

many parameters so that the experimental results for the

mixing angles

are satisfied. This gives two sets of fixed parameters, one for the

NH and one for the IH, each of which has two subsets due to

the ambiguity in θ23 . This leaves all parameters discussed above to be

scanned over as well as statistically scattering

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!



Defining and using 

⇒



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


