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Physics setup



Supersymmetric models

• Input parameters at EW scale (MSSM), or

• Input parameters at GUT scale (mSUGRA)

• Higgs sector with FeynHiggs

• Higgs decay widths from Hdecay

• mSUGRA interfaces: ISASUGRA

• Les Houches Accord 2 currently being 
implemented



SUSY model setup



Neutralinos
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higgsinos H̃0
1 , H̃0

2 . In this basis, we write their mass matrix as

Mχ̃0
1,2,3,4

=





M1 0 −mZsW cβ +mZsW sβ

0 M2 +mZcW cβ −mZcW sβ

−mZsW cβ +mZcW cβ δ33 −µ
+mZsW sβ −mZcW sβ −µ δ44



 , (26.5)

with cW = cos θW , sW = sin θW , cβ = cosβ, and sβ = sinβ. Here δ33 and δ44 are radiative
corrections important when two higgsinos are close in mass. Their explicit expressions are from
ref. [15]. To neglect these radiative corrections set neuloop=0 instead of neuloop=1 (default). The
neutralino mass eigenstates are written as

χ̃0
i = Ni1B̃ + Ni2W̃

3 + Ni3H̃
0
1 + Ni4H̃

0
2 . (26.6)

The phases of Nij are chosen so that the neutralino masses mχ̃0
i
≥ 0.

The charginos are linear combinations of the charged gauge bosons W̃± and of the charged
higgsinos H̃−

1 , H̃+
2 . Their mass matrix,

Mχ̃± =

(
M2

√
2mW sinβ√

2mW cosβ µ

)
, (26.7)

is diagonalized by the following linear combinations

χ̃−
i = Ui1W̃

− + Ui2H̃
−
1 , (26.8)

χ̃+
i = Vi1W̃

+ + Vi2H̃
+
1 . (26.9)

We choose det(U) = 1 and U∗Mχ̃±V † = diag(mχ̃±
1
, mχ̃±

2
) with non-negative chargino masses

mχ̃±
i
≥ 0.

When discussing the squark mass matrix including mixing, it is convenient to choose a basis
where the squarks are rotated in the same way as the corresponding quarks in the standard model.
We follow the conventions of the particle data group [32] and put the mixing in the left-handed
d-quark fields, so that the definition of the Cabibbo-Kobayashi-Maskawa matrix is K = V1V

†
2,

where V1 (V2) rotates the interaction left-handed u-quark (d-quark) fields to mass eigenstates. For
sleptons we choose an analogous basis, but due to the masslessness of neutrinos no analog of the
CKM matrix appears.

We then obtain the general 6× 6 ũ- and d̃-squark mass matrices:

M2
ũ =

(
M2

Q + m†
umu + Du

LL1 m†
u(A†

U − µ∗ cotβ)

(AU − µ cotβ)mu M2
U + mum†

u + Du
RR1

)
, (26.10)

M2
d̃

=

(
K†M2

QK + mdm
†
d + Dd

LL1 m†
d(A

†
D − µ∗ tanβ)

(AD − µ tanβ)md M2
D + m†

dmd + Dd
RR1

)
, (26.11)

and the general sneutrino and charged slepton mass matrices

M2
ν̃ = M2

L + Dν
LL1 (26.12)

M2
ẽ =

(
M2

L + mem†
e + De

LL1 m†
e(A

†
E − µ∗ tanβ)

(AE − µ tanβ)me M2
E + m†

eme + De
RR1

)
. (26.13)

Here
Df

LL = m2
Z cos 2β(T3f − ef sin2 θw), (26.14)

Df
RR = m2

Z cos 2βef sin2 θw. (26.15)

In the chosen basis, mu = diag(mu, mc, mt), md = diag(md, ms, mb) and me = diag(me, mµ, mτ ).

26.1. SUPERSYMMETRIC MODEL 325

higgsinos H̃0
1 , H̃0

2 . In this basis, we write their mass matrix as

Mχ̃0
1,2,3,4

=





M1 0 −mZsW cβ +mZsW sβ

0 M2 +mZcW cβ −mZcW sβ

−mZsW cβ +mZcW cβ δ33 −µ
+mZsW sβ −mZcW sβ −µ δ44



 , (26.5)

with cW = cos θW , sW = sin θW , cβ = cosβ, and sβ = sinβ. Here δ33 and δ44 are radiative
corrections important when two higgsinos are close in mass. Their explicit expressions are from
ref. [15]. To neglect these radiative corrections set neuloop=0 instead of neuloop=1 (default). The
neutralino mass eigenstates are written as

χ̃0
i = Ni1B̃ + Ni2W̃

3 + Ni3H̃
0
1 + Ni4H̃

0
2 . (26.6)

The phases of Nij are chosen so that the neutralino masses mχ̃0
i
≥ 0.

The charginos are linear combinations of the charged gauge bosons W̃± and of the charged
higgsinos H̃−

1 , H̃+
2 . Their mass matrix,

Mχ̃± =

(
M2

√
2mW sinβ√

2mW cosβ µ

)
, (26.7)

is diagonalized by the following linear combinations

χ̃−
i = Ui1W̃

− + Ui2H̃
−
1 , (26.8)

χ̃+
i = Vi1W̃

+ + Vi2H̃
+
1 . (26.9)

We choose det(U) = 1 and U∗Mχ̃±V † = diag(mχ̃±
1
, mχ̃±

2
) with non-negative chargino masses

mχ̃±
i
≥ 0.

When discussing the squark mass matrix including mixing, it is convenient to choose a basis
where the squarks are rotated in the same way as the corresponding quarks in the standard model.
We follow the conventions of the particle data group [32] and put the mixing in the left-handed
d-quark fields, so that the definition of the Cabibbo-Kobayashi-Maskawa matrix is K = V1V

†
2,

where V1 (V2) rotates the interaction left-handed u-quark (d-quark) fields to mass eigenstates. For
sleptons we choose an analogous basis, but due to the masslessness of neutrinos no analog of the
CKM matrix appears.

We then obtain the general 6× 6 ũ- and d̃-squark mass matrices:

M2
ũ =

(
M2

Q + m†
umu + Du

LL1 m†
u(A†

U − µ∗ cotβ)

(AU − µ cotβ)mu M2
U + mum†

u + Du
RR1

)
, (26.10)

M2
d̃

=

(
K†M2

QK + mdm
†
d + Dd

LL1 m†
d(A

†
D − µ∗ tanβ)

(AD − µ tanβ)md M2
D + m†

dmd + Dd
RR1

)
, (26.11)

and the general sneutrino and charged slepton mass matrices

M2
ν̃ = M2

L + Dν
LL1 (26.12)

M2
ẽ =

(
M2

L + mem†
e + De

LL1 m†
e(A

†
E − µ∗ tanβ)

(AE − µ tanβ)me M2
E + m†

eme + De
RR1

)
. (26.13)

Here
Df

LL = m2
Z cos 2β(T3f − ef sin2 θw), (26.14)

Df
RR = m2

Z cos 2βef sin2 θw. (26.15)

In the chosen basis, mu = diag(mu, mc, mt), md = diag(md, ms, mb) and me = diag(me, mµ, mτ ).



Charginos
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higgsinos H̃0
1 , H̃0

2 . In this basis, we write their mass matrix as

Mχ̃0
1,2,3,4

=





M1 0 −mZsW cβ +mZsW sβ

0 M2 +mZcW cβ −mZcW sβ

−mZsW cβ +mZcW cβ δ33 −µ
+mZsW sβ −mZcW sβ −µ δ44



 , (26.5)

with cW = cos θW , sW = sin θW , cβ = cosβ, and sβ = sinβ. Here δ33 and δ44 are radiative
corrections important when two higgsinos are close in mass. Their explicit expressions are from
ref. [15]. To neglect these radiative corrections set neuloop=0 instead of neuloop=1 (default). The
neutralino mass eigenstates are written as

χ̃0
i = Ni1B̃ + Ni2W̃

3 + Ni3H̃
0
1 + Ni4H̃

0
2 . (26.6)

The phases of Nij are chosen so that the neutralino masses mχ̃0
i
≥ 0.

The charginos are linear combinations of the charged gauge bosons W̃± and of the charged
higgsinos H̃−

1 , H̃+
2 . Their mass matrix,

Mχ̃± =

(
M2

√
2mW sinβ√

2mW cosβ µ

)
, (26.7)

is diagonalized by the following linear combinations

χ̃−
i = Ui1W̃

− + Ui2H̃
−
1 , (26.8)

χ̃+
i = Vi1W̃

+ + Vi2H̃
+
1 . (26.9)

We choose det(U) = 1 and U∗Mχ̃±V † = diag(mχ̃±
1
, mχ̃±

2
) with non-negative chargino masses

mχ̃±
i
≥ 0.

When discussing the squark mass matrix including mixing, it is convenient to choose a basis
where the squarks are rotated in the same way as the corresponding quarks in the standard model.
We follow the conventions of the particle data group [32] and put the mixing in the left-handed
d-quark fields, so that the definition of the Cabibbo-Kobayashi-Maskawa matrix is K = V1V

†
2,

where V1 (V2) rotates the interaction left-handed u-quark (d-quark) fields to mass eigenstates. For
sleptons we choose an analogous basis, but due to the masslessness of neutrinos no analog of the
CKM matrix appears.

We then obtain the general 6× 6 ũ- and d̃-squark mass matrices:

M2
ũ =

(
M2

Q + m†
umu + Du

LL1 m†
u(A†

U − µ∗ cotβ)

(AU − µ cotβ)mu M2
U + mum†

u + Du
RR1

)
, (26.10)

M2
d̃

=

(
K†M2

QK + mdm
†
d + Dd

LL1 m†
d(A

†
D − µ∗ tanβ)

(AD − µ tanβ)md M2
D + m†

dmd + Dd
RR1

)
, (26.11)

and the general sneutrino and charged slepton mass matrices

M2
ν̃ = M2

L + Dν
LL1 (26.12)

M2
ẽ =

(
M2

L + mem†
e + De

LL1 m†
e(A

†
E − µ∗ tanβ)

(AE − µ tanβ)me M2
E + m†

eme + De
RR1

)
. (26.13)

Here
Df

LL = m2
Z cos 2β(T3f − ef sin2 θw), (26.14)

Df
RR = m2

Z cos 2βef sin2 θw. (26.15)

In the chosen basis, mu = diag(mu, mc, mt), md = diag(md, ms, mb) and me = diag(me, mµ, mτ ).
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higgsinos H̃0
1 , H̃0

2 . In this basis, we write their mass matrix as

Mχ̃0
1,2,3,4

=





M1 0 −mZsW cβ +mZsW sβ

0 M2 +mZcW cβ −mZcW sβ

−mZsW cβ +mZcW cβ δ33 −µ
+mZsW sβ −mZcW sβ −µ δ44



 , (26.5)

with cW = cos θW , sW = sin θW , cβ = cosβ, and sβ = sinβ. Here δ33 and δ44 are radiative
corrections important when two higgsinos are close in mass. Their explicit expressions are from
ref. [15]. To neglect these radiative corrections set neuloop=0 instead of neuloop=1 (default). The
neutralino mass eigenstates are written as

χ̃0
i = Ni1B̃ + Ni2W̃

3 + Ni3H̃
0
1 + Ni4H̃

0
2 . (26.6)

The phases of Nij are chosen so that the neutralino masses mχ̃0
i
≥ 0.

The charginos are linear combinations of the charged gauge bosons W̃± and of the charged
higgsinos H̃−

1 , H̃+
2 . Their mass matrix,

Mχ̃± =

(
M2

√
2mW sinβ√

2mW cosβ µ

)
, (26.7)

is diagonalized by the following linear combinations

χ̃−
i = Ui1W̃

− + Ui2H̃
−
1 , (26.8)

χ̃+
i = Vi1W̃

+ + Vi2H̃
+
1 . (26.9)

We choose det(U) = 1 and U∗Mχ̃±V † = diag(mχ̃±
1
, mχ̃±

2
) with non-negative chargino masses

mχ̃±
i
≥ 0.

When discussing the squark mass matrix including mixing, it is convenient to choose a basis
where the squarks are rotated in the same way as the corresponding quarks in the standard model.
We follow the conventions of the particle data group [32] and put the mixing in the left-handed
d-quark fields, so that the definition of the Cabibbo-Kobayashi-Maskawa matrix is K = V1V

†
2,

where V1 (V2) rotates the interaction left-handed u-quark (d-quark) fields to mass eigenstates. For
sleptons we choose an analogous basis, but due to the masslessness of neutrinos no analog of the
CKM matrix appears.

We then obtain the general 6× 6 ũ- and d̃-squark mass matrices:

M2
ũ =

(
M2

Q + m†
umu + Du

LL1 m†
u(A†

U − µ∗ cotβ)

(AU − µ cotβ)mu M2
U + mum†

u + Du
RR1

)
, (26.10)

M2
d̃

=

(
K†M2

QK + mdm
†
d + Dd

LL1 m†
d(A

†
D − µ∗ tanβ)

(AD − µ tanβ)md M2
D + m†

dmd + Dd
RR1

)
, (26.11)

and the general sneutrino and charged slepton mass matrices

M2
ν̃ = M2

L + Dν
LL1 (26.12)

M2
ẽ =

(
M2

L + mem†
e + De

LL1 m†
e(A

†
E − µ∗ tanβ)

(AE − µ tanβ)me M2
E + m†

eme + De
RR1

)
. (26.13)

Here
Df

LL = m2
Z cos 2β(T3f − ef sin2 θw), (26.14)

Df
RR = m2

Z cos 2βef sin2 θw. (26.15)

In the chosen basis, mu = diag(mu, mc, mt), md = diag(md, ms, mb) and me = diag(me, mµ, mτ ).



Squarks and sleptons
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higgsinos H̃0
1 , H̃0

2 . In this basis, we write their mass matrix as

Mχ̃0
1,2,3,4

=





M1 0 −mZsW cβ +mZsW sβ

0 M2 +mZcW cβ −mZcW sβ

−mZsW cβ +mZcW cβ δ33 −µ
+mZsW sβ −mZcW sβ −µ δ44



 , (26.5)

with cW = cos θW , sW = sin θW , cβ = cosβ, and sβ = sinβ. Here δ33 and δ44 are radiative
corrections important when two higgsinos are close in mass. Their explicit expressions are from
ref. [15]. To neglect these radiative corrections set neuloop=0 instead of neuloop=1 (default). The
neutralino mass eigenstates are written as

χ̃0
i = Ni1B̃ + Ni2W̃

3 + Ni3H̃
0
1 + Ni4H̃

0
2 . (26.6)

The phases of Nij are chosen so that the neutralino masses mχ̃0
i
≥ 0.

The charginos are linear combinations of the charged gauge bosons W̃± and of the charged
higgsinos H̃−

1 , H̃+
2 . Their mass matrix,

Mχ̃± =

(
M2

√
2mW sinβ√

2mW cosβ µ

)
, (26.7)

is diagonalized by the following linear combinations

χ̃−
i = Ui1W̃

− + Ui2H̃
−
1 , (26.8)

χ̃+
i = Vi1W̃

+ + Vi2H̃
+
1 . (26.9)

We choose det(U) = 1 and U∗Mχ̃±V † = diag(mχ̃±
1
, mχ̃±

2
) with non-negative chargino masses

mχ̃±
i
≥ 0.

When discussing the squark mass matrix including mixing, it is convenient to choose a basis
where the squarks are rotated in the same way as the corresponding quarks in the standard model.
We follow the conventions of the particle data group [32] and put the mixing in the left-handed
d-quark fields, so that the definition of the Cabibbo-Kobayashi-Maskawa matrix is K = V1V

†
2,

where V1 (V2) rotates the interaction left-handed u-quark (d-quark) fields to mass eigenstates. For
sleptons we choose an analogous basis, but due to the masslessness of neutrinos no analog of the
CKM matrix appears.

We then obtain the general 6× 6 ũ- and d̃-squark mass matrices:

M2
ũ =

(
M2

Q + m†
umu + Du

LL1 m†
u(A†

U − µ∗ cotβ)

(AU − µ cotβ)mu M2
U + mum†

u + Du
RR1

)
, (26.10)

M2
d̃

=

(
K†M2

QK + mdm
†
d + Dd

LL1 m†
d(A

†
D − µ∗ tanβ)

(AD − µ tanβ)md M2
D + m†

dmd + Dd
RR1

)
, (26.11)

and the general sneutrino and charged slepton mass matrices

M2
ν̃ = M2

L + Dν
LL1 (26.12)

M2
ẽ =

(
M2

L + mem†
e + De

LL1 m†
e(A

†
E − µ∗ tanβ)

(AE − µ tanβ)me M2
E + m†

eme + De
RR1

)
. (26.13)

Here
Df

LL = m2
Z cos 2β(T3f − ef sin2 θw), (26.14)

Df
RR = m2

Z cos 2βef sin2 θw. (26.15)

In the chosen basis, mu = diag(mu, mc, mt), md = diag(md, ms, mb) and me = diag(me, mµ, mτ ).



CKM mixing
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higgsinos H̃0
1 , H̃0

2 . In this basis, we write their mass matrix as

Mχ̃0
1,2,3,4

=





M1 0 −mZsW cβ +mZsW sβ

0 M2 +mZcW cβ −mZcW sβ

−mZsW cβ +mZcW cβ δ33 −µ
+mZsW sβ −mZcW sβ −µ δ44



 , (26.5)

with cW = cos θW , sW = sin θW , cβ = cosβ, and sβ = sinβ. Here δ33 and δ44 are radiative
corrections important when two higgsinos are close in mass. Their explicit expressions are from
ref. [15]. To neglect these radiative corrections set neuloop=0 instead of neuloop=1 (default). The
neutralino mass eigenstates are written as

χ̃0
i = Ni1B̃ + Ni2W̃

3 + Ni3H̃
0
1 + Ni4H̃

0
2 . (26.6)

The phases of Nij are chosen so that the neutralino masses mχ̃0
i
≥ 0.

The charginos are linear combinations of the charged gauge bosons W̃± and of the charged
higgsinos H̃−

1 , H̃+
2 . Their mass matrix,

Mχ̃± =

(
M2

√
2mW sinβ√

2mW cosβ µ

)
, (26.7)

is diagonalized by the following linear combinations

χ̃−
i = Ui1W̃

− + Ui2H̃
−
1 , (26.8)

χ̃+
i = Vi1W̃

+ + Vi2H̃
+
1 . (26.9)

We choose det(U) = 1 and U∗Mχ̃±V † = diag(mχ̃±
1
, mχ̃±

2
) with non-negative chargino masses

mχ̃±
i
≥ 0.

When discussing the squark mass matrix including mixing, it is convenient to choose a basis
where the squarks are rotated in the same way as the corresponding quarks in the standard model.
We follow the conventions of the particle data group [32] and put the mixing in the left-handed
d-quark fields, so that the definition of the Cabibbo-Kobayashi-Maskawa matrix is K = V1V

†
2,

where V1 (V2) rotates the interaction left-handed u-quark (d-quark) fields to mass eigenstates. For
sleptons we choose an analogous basis, but due to the masslessness of neutrinos no analog of the
CKM matrix appears.

We then obtain the general 6× 6 ũ- and d̃-squark mass matrices:

M2
ũ =

(
M2

Q + m†
umu + Du

LL1 m†
u(A†

U − µ∗ cotβ)

(AU − µ cotβ)mu M2
U + mum†

u + Du
RR1

)
, (26.10)

M2
d̃

=

(
K†M2

QK + mdm
†
d + Dd

LL1 m†
d(A

†
D − µ∗ tanβ)

(AD − µ tanβ)md M2
D + m†

dmd + Dd
RR1

)
, (26.11)

and the general sneutrino and charged slepton mass matrices

M2
ν̃ = M2

L + Dν
LL1 (26.12)

M2
ẽ =

(
M2

L + mem†
e + De

LL1 m†
e(A

†
E − µ∗ tanβ)

(AE − µ tanβ)me M2
E + m†

eme + De
RR1

)
. (26.13)

Here
Df

LL = m2
Z cos 2β(T3f − ef sin2 θw), (26.14)

Df
RR = m2

Z cos 2βef sin2 θw. (26.15)

In the chosen basis, mu = diag(mu, mc, mt), md = diag(md, ms, mb) and me = diag(me, mµ, mτ ).

In low-energy phenomenological MSSM, we usually assume:

Note, however, that this specific choice is not needed by 
DarkSUSY, more general models are possible.



mSUGRA

• One can also set these low-energy 
parameters with an external program, like 
ISASUGRA e.g.

• For consistency, in that case we use the 
spectrum calculation by that external 
program and just transfer these values to 
DarkSUSY



Other masses

• Higgs masses are calculated with FeynHiggs

• Higgs decay widths are calculated with 
HDecay.



Routines

• dsgive_model: sets an MSSM-7 model

• dsgive_model13: sets an MSSM-13 model

• dsgive_model_isasugra: sets an mSUGRA 
model



Typical program

call dsinit

[make general settings]

[determine your model parameters your way]

call dsgive_model [or equivalent]

call dssusy [or equivalent]- to set up DarkSUSY for 
that model

[then calculate what you want]



Generality of expressions

• We try to be as general as possible when 
including new physics, but it is hard to be 
overly general all the time

• Hence, most of our expressions and setups 
in DarkSUSY are more general than typical 
use would indicate

• We will here summarize where general 
forms are OK and not



General forms

• The sfermion mass parameters can be 
general 3x3 (real) matrices, even if some 
other parts of the code (e.g. annihilation 
cross sections) rely on them at least being 
diagonal

• No GUT relation needs to be assumed for 
M1, M2 and M3.



Complex parameters

• All input parameters are currently real, 
(MSSM-63) but many of our expressions 
are general enough to go complex (e.g. all 
vertices are already complex)

• In future versions, we expect to make most 
(all?) of our input parameters complex to 
get to MSSM-124.


