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1
Motivations

⇒ Exotic SU(2)-singlet quarks appear in many contexts

• SO(10), E6, U(1)-prime models, NMSSM,...

• Extremely common in semi-realistic string constructions

• Can be perfectly consistent with gauge coupling unification

⇒ A rich laboratory for new physics to explore:

• Mixing

• Leptoquarks

• Diquarks

• Quasi-stable

⇒ Good case study for “what-if” scenarios at the LHC...
even within SUSY contexts!



2
A Framework: E6-based Models

⇒ Why E6?

• Logical coherence
• Smallest (non-anomalous) extension of the MSSM capable of producing all

the above cases
• Long pedigree among model-builders
• Common in string constructions

⇒ Standard Model gauge group typically extended by additional U(1)’s

E6 → SO(10)× U(1)ψ

→ SU(5)× U(1)χ × U(1)ψ

→ SU(3)× SU(2)× U(1)Y × U(1)χ × U(1)ψ,
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We will not consider true E6 GUTs!

• NO additional SU(2) singlets and doublets
• NO Z ′-bosons
• NO additional neutralinos
• NO GUT relations amongst Yukawa couplings



3
Field Content of the Fundamental Representation

⇒ Fundamental 27 → 16 of SO(10) + {D, Dc} ,
{
H, H

}
and singlet S

Field QY 2
√

6Qψ 2
√

10Qχ 2
√

15Qη

Qi 1/6 1 -1 2
uci -2/3 1 -1 2
dci 1/3 1 3 -1
Li -1/2 1 3 -1
eci 1 1 -1 2
νci 0 1 -5 5

(Hu)i 1/2 -2 2 -4
(Hd)i -1/2 -2 -2 -1
Di -1/3 -2 2 -4
Dc
i 1/3 -2 -2 -1

Si 0 4 0 5

⇒ In principle, as many as two surviving U(1)-primes...
In practice, we only consider one combination:

Q′ = Qχ cos θE + Qψ sin θE; U(1)η → θE = 2π − tan−1
√

5/3



4
Superpotential Interactions

⇒ Gauge invariant superpotential for E6 is simply W = λijk27i27j27k

• Allowed couplings when broken into SM gauge group

W = W0 + WLQ + WDQ

= λ1
ijQiu

c
jHu + λ2

ijQid
c
jHd + λ3

ijLie
c
jHd + λ11

ij Liν
c
jHu

+λ4SHdHu + λ5
ijSDiD

c
j + WLQ + WDQ

• Couplings of exotics to Standard Model fields

WLQ = λ6
ijkDiu

c
je
c
k + λ7

ijkD
c
iQjLk + λ8

ijkDid
c
jν
c
k

WDQ = λ9
ijkQiQjDk + λ10

ijkD
c
iu
c
jd
c
k
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⇒ Vacuum expectation value 〈S〉 ≡ s generates supersymmetric mass terms
λ4s ≡ µeff and λ5s ≡ MD

⇒ If both WLQ and WDQ then fast proton decay

• No unambiguous B and L quantum number possible for D, Dc



5
Masses and Charge Assignments

⇒ Will thus assume a conserved B and L and choose B(D) and L(D) values

Leptoquark B(D) = 1/3 and L(D) = 1; only WLQ allowed

Diquark B(D) = −2/3 and L(D) = 0; only WDQ allowed

Standard B(D) = 1/3 and L(D) = 0; both WLQ and WDQ forbidden
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⇒ Scalar mass matrices depend on SUSY breaking and U(1)-prime charges

m2
D̃

=
(

m2
aa m2

ab

m2
ab m2

bb

)

m2
aa = m2

D̃
+ m2

D +
1
3

sin2 θW cos 2βM2
Z + g′ 2Q′D(Q′Ss2 + Q′Huv

2
u + Q′Hdv

2
d)

m2
bb = m2

D̃c
+ m2

D −
1
3

sin2 θW cos 2βM2
Z + g′ 2Q′Dc(Q

′
Ss2 + Q′Huv

2
u + Q′Hdv

2
d)

m2
ab = mD

(
A5 + µeff

(vuvd
s2

))
,



6
Our Benchmark Cases

Sample spectra for the exotic SUSY sector

Parameter A B C D E
MD1/2

300 300 300 600 1000
mD0 400 400 1000 400 400
mDc0

400 400 1000 400 400
A5 350 150 100 600 1050

U(1)η Model
MD1

0
367 441 1024 388 318

MD2
0

587 553 1053 932 1482

(All values are in GeV at the electroweak scale)

⇒ It is convenient to define the mass splitting measurs

∆1 ≡ mD1/2
−mD1

0
; ∆2 ≡ mD1/2

−mD2
0

∆1 < 0 → fermion lightest exotic particle (LEP)




