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General structure of supersymmetric models

L = Lgauge + Lmatter −
√

2g(Φ∗T aψ)λa −
√

2g(ψ∗T aΦ)λa + Lsoft

Gauge part of the lagrangian:

Lgauge = −1
4

F a
µνF a µν + iλ†aσ̄µ∇µλ

a

Part of lagrangian with matter:

Lmatter = iψ†i σ̄µDµψi − DµΦ∗iDµΦi −
1
2

M ijψiψj −
1
2

M∗ij ψ
†iψ†j−

− 1
2

y ijk Φiψjψk −
1
2

y∗ijk Φ†iψ†jψ†k − V (Φ,Φ†)

Superpotential:

W = Li Φi +
1
2

M ij Φi Φj +
1
6

y ijk Φi Φj Φk

Scalar potential:

V = VF + VD = W k W ∗
k +

1
2

g2(Φ†T aΦ)2
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SUSY Breaking

Soft SUSY breaking

Lsoft = −(
1
2

Maλ
aλa+

1
6

aijk ΦiΦjΦk +
1
2

bijΦiΦj+t iΦi)+cc−(m2)i
jΦ

j∗Φi

Gauge mediated SUSY breaking
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MSSM Content
SU(3) SU(2) U(1)

Q � � 1
6

ū �̄ - −2
3

d̄ �̄ - 1
3

L - � −1
2

ν̄ - - -
ē - - 1

Hu - � 1
2

Hd - � −1
2

WMSSM = Y ij
u ūiQjHu − Y ij

d d̄iQjHd − Y ij
e ēiLjHd + µHuHd

W∆L=1 =
1
2
λijkLiLj ēk +

1
2
λ′ijkLiQj d̄k + µ′iLiHu

W∆B=1 =
1
2
λ′′ijk ūi d̄j d̄k
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λ′′ijk ūi d̄j d̄k

D. Karateev (Chalmers University) Analysis of Chiral EMSSM Munich, 2012 5 / 12



Content of Chiral EMSSM
SU(3) SU(2) U(1) U ′(1)

Q � � 1
6 q1i

ū �̄ - −2
3 q2i

d̄ �̄ - 1
3 q3i

L - � −1
2 q4i

ν̄ - - - q5i
ē - - 1 q6i

Hu - � 1
2 q7i

Hd - � −1
2 q8i

S - - - q9i

WEMSSM =
3∑
i

3∑
j

[Y ij
u ūjQiH

j
u − Y ij

d d̄jQiH
j
d + Y ij

ν ν̄jLiH
j
u−

− Y ij
e ējLiH

j
d ] +

3∑
i

(κiSiH i
uH i

d ) + λS1S2S3
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Anomalies and Yukawa constraints

There are 9 · 3 = 27 unknown charges.
There are 4 linear equations coming from anomalies, like:

SU(3)SU(3)U ′(1)⇒
3∑

i=1

(2q1i + q2i + q3i) = 0,

There 2 non-linear equations coming from anomalies, like:

U(1)U ′(1)U ′(1)⇒
3∑

i=1

(q2
1i − 2q2

2i + q2
3i − q2

4i + q2
6i + q2

7i − q2
8i) = 0,

Linear constraints from the form of superpotential, like:

κiSiH i
uH i

d ⇒ q7i + q8i + q9i = 0
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Chiral extension
One particular solution is present on the table.

qai i = 1 i = 2 i = 3
Q 1

6
1
6

1
6

ū 1
3 − s 1

3 + s 1
3

d̄ −1
3 −1

3 −4
3

L −1
2 −1

2 −1
2

ν̄ 1− s 1 + s 1
ē 1

3
1
3 −2

3

Hu −1
2 + s −1

2 − s −1
2

Hd
1
6

1
6

7
6

S 1
3 − s 1

3 + s −2
3

Table: U ′(1) charges of EMSSM for each family, where s ≡ 1√
3
.
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EW Breaking
Covariant derivative:

Dµ = ∂µ − ig2Aa
µτ

a − ig1Y Bµ − ig′1qB′µ.

Kinetic terms of Higgs fields and singlets:

(DµΦi)†DµΦi →
1
2

g2
2v2

1 W +
µ W−µ +

(
A3
µ Bµ B′µ

)
M2

 A3µ

Bµ

B′µ


Eigenvalues of the mass matrix:

m2
A = 0,

1
2

m2
Z =

1
4

v2
1 (g2

1 + g2
2)(1 + g̃′21 ),

1
2

m2
Z ′ = g′21 (v2

3 −
v4

2

v2
1

).

Mass eigenstates:

Aµ =
1√

g2
1 + g2

2

(g1A3
µ + g2Bµ), Z 0

µ =
1√

g2
1 + g2

2

(g2A3
µ − g1Bµ)

Zµ = Z 0
µ − g̃′1B′µ, Z ′µ = B′µ + g̃′1Z 0

µ .
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Running Coupling Constants
Running coupling constants gi in terms of αi ≡

g2
i

4π up to one loop:

α−1
i (t) = α−1

i (EW )− bi

2π
t ,

where t = ln Λ, Λ-energy scale and bi model dependent constants:

b1 = 2ng +
3

10
nh, b2 = −6 + 2ng +

1
2

nh, b3 = −9 + 2ng .
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Radiative corrections of the masses

Masses of the sfermions arise from the one-loop diagrams:

m2
f̃

=
g2

Z̃ ′m
2
Z̃ ′

4π2 ln
(

Λ

mZ̃ ′

)

Masses of the gauginos arise from the two-loop diagrams:

mλ̃ =
mZ̃ ′g2

λg2
Z̃ ′

64π4 ln
(

Λ

mZ̃ ′

)

D. Karateev (Chalmers University) Analysis of Chiral EMSSM Munich, 2012 11 / 12



Forthcoming work

Analysis of different sets of U ′(1) charges
CP-violation from the Higgs sector

V ⊃ −κ1λ
∗H01

u H01
d S∗2S∗3−κ2λ

∗H02
u H02

d S∗1S∗3−κ3λ
∗H03

u H03
d S∗1S∗2−

− b1S1H01
u H01

d − b2S2H02
u H02

d − b3S3H03
u H03

d + aS1S2S3 + cc.

We can redefine fields to make a, λ and κi to be real, bi are always
real, i.e. we have 3 extra phases in Higgs sector

Bounds on the coupling constants
Dark matter candidates
Phenomenology
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