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FlexibleSUSY = spectrum generator generator

FlexibleSUSY
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FlexibleSUSY’s physical problem statement

Matching to SM
αem, αs, MZ , . . .

Electroweak
symmetry breaking

Grand Unified Theory
(GUT)

RGEs

RGEs

Energy
scale Q

MX

MS

MZ
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FlexibleSUSY’s Weltanschauung

• Model is defined in terms of Lagrangian parameters:
gi , yij , v , . . . in the MS/DR scheme

• Input parameters:
α

(5),MS
em,SM(MZ ), α(5),MS

s,SM (MZ ), MZ , Mt , GF , . . .

• Output parameters:
mh, Mh, Zh, . . .
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Generating a spectrum generator

model definition
L(t̃, b̃, g̃ , . . . ; gi , yf , . . .)

Mt̃ , Σt̃ , βv1 , . . .
(Mathematica)

spectrum generator
(C++)

SARAH

FlexibleSUSY

L = |Dµt̃i |2

−
(
t̃∗1 t̃∗2

)(· ·
· ·

)(
t̃1
t̃2

)
+ · · ·

Mt̃ =

(
· ·
· ·

)

Σt̃ = + · · ·

βv1 =
v1

16π2
( 3
10g2

1 +
3
2g2

2

)
+ · · ·

Matrix <2,2> get_mass_matrix_St () {
Matrix <2,2> mass_matrix ;

mass_matrix (0 ,0) = ...;
mass_matrix (0 ,1) = ...;
mass_matrix (1 ,0) = ...;
mass_matrix (1 ,1) = ...;

return mass_matrix ;
}

complex <double > self_energy_St () {
complex <double > self_energy ;

self_energy += ...;
self_energy += ...;
self_energy += ...;

return self_energy ;
}

double beta_v1 () {
double beta_v1 ;

beta_v1 = v1 *(0.3* Sqr(g1)
+ 1.5* Sqrt(g2)) /(16.* Sqr(Pi) + ...;

return beta_v1 ;
}
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FlexibleSUSY features

• Precision
β

(1L)
i , β(2L)

i , Σ
(1L)
i , t(1)

hi

rMSSM: Σ
(2L,αtαs +(αt +αb)2)
hi

, t(2L,αtαs +(αt +αb)2)
hi

rNMSSM: Σ
(2L,αtαs +(αt +αb)2)
hi

, t(2L,αtαs +(αt +αb)2)
hi

• Tower of EFTs

• Modular, well readable C++ code

• High speed

• Multiple BVP solvers
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Split-MSSM Lagrangian

Lsplit = Lkin + Lyuk + LHiggs + LHiggsino

LHiggs = m2H†H − 1
2λ(H†H)2

LHiggsino = −µH̃T
u εH̃d

− M3
2 g̃Ag̃A − M2

2 W̃ aW̃ a − M1
2 B̃B̃

− H†√
2

(
g̃2uσ

aW̃ a + g̃1uB̃
)

H̃u

− HT ε√
2

(
−g̃2dσ

aW̃ a + g̃1d B̃
)

H̃d + h.c.

Fixed by matching conditions: λ, g̃1u, g̃2u, g̃1d , g̃2d
Fixed by EWSB: m2

Input at MZ : µ, M1, M2, M2
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Physical problem statement

Matching to SM
gi , yf , v

EWSB: m2

Calculation of Mh

Matching to MSSM
λ, g̃iu, g̃id

RGEs

RGEs

Energy
scale Q

MS

Mt

MZ
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Algorithm to calculate the pole mass spectrum

Start
Calculate
gi , yf , v

EWSB ⇒ m2

Calculate
λ, g̃iu, g̃id

MS masses
⇒ pole masses

RGEs

RGEs

RGEs

Energy-
scale

MS

Mt

MZ
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Results [preliminary]
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Future plans

• cross-checking the implementation with Split-Suspect
• add leading Σ

(2)
h

• study CMSSM-like scenarions
→ requires complete matching to the MSSM for

µ, Mi , At , m2
q,m2

u,m2
d ,m2

l ,m2
e

? implementation into FeynHiggs
? generalization of the threshold corrections to general SUSY
models
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Thank you!
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Backup
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Calculation of λ, g̃1u, g̃2u, g̃1d , g̃2d

Matching conditions Split-MSSM ↔ MSSM lead to

g̃1u =
3
5g1 sinβ + ∆g̃1u

g̃1d =
3
5g1 cos β + ∆g̃1d

g̃2u = g2 sinβ + ∆g̃2u

g̃2d = g2 cos β + ∆g̃2d

λ =
1
4

[
g2
2 +

3
5g2

1

]
cos2 2β + ∆λ

The corrections ∆g̃iu, ∆g̃id , ∆λ are functions of

gi , yt ,At , µ,mA, tanβ,m2
q,m2

u,m2
d ,m2

l ,m2
e
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Calculation of gDR
3 (MZ )

Input: α
(5),MS
s,SM (MZ ) = 0.1185

→

αDRs (MZ ) =
α

(5),MS
s,SM (MZ )

1−∆αs,SM(MZ )−∆αs(MZ )

with

∆αs,SM(µ) =
αs
2π

[
−2
3 log mt

µ

]

∆αs(µ) =
αs
2π

1
2 −

∑
SUSY particle f

Tf log
mf
µ


⇒

gDR
3 (MZ ) =

√
4παDRs (MZ )
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Calculation of yDR
t (MZ )

Input: mpole
t

→
mDR

t,susy(µ) = mpole
t + ReΣS

t (mpole
t )

+ mpole
t
[
ReΣL

t (mpole
t ) + ReΣR

t (mpole
t )

+ ∆m(1),qcd
t + ∆m(2),qcd

t
]

∆m(1),qcd
t = − g2

3
12π2

[
5− 3 log

(
m2

t
µ2

)]

∆m(2),qcd
t =

(
∆m(1),qcd

t
)2

− g4
3

4608π4

[
396 log2

(
m2

t
µ2

)
− 1476 log

(
m2

t
µ2

)

− 48ζ(3) + 2011 + 16π2(1 + log 4)

]
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Split-MSSM EWSB condition

0 =
∂V (1)

eff
∂v

=
∂Vtree
∂v − t(1)

h (mi )

=
√
2v
(
−m2 + v2λ

)
− t(1)

h (mi )

→ solve iteratively for m2
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Calculation of the Higgs pole mass

Solve for M2
h at p2 = M2

h :

0 = p2 −mh + Σ̂h(p2)

where

mh = −m2 + 3λv2

and

Σ̂h(p2) = Σh(p2)− δm2
h + (p2 −m2

h)δZh

δm2
h = Σh(p2)

∣∣∣
∆

δZh = − Σ′h(p2)
∣∣∣
∆
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NMSSM-Spektrumgenerator in FlexibleSUSY
1. Get the source code from https://flexiblesusy.hepforge.org

2. Create a NMSSM spectrum generator:
$ ./ install -sarah # if not already installed
$ ./ createmodel --name=NMSSM
$ ./ configure --with - models =NMSSM
$ make

3. Calculate spectrum for given parameter point (SLHA format):
$ ./ models /NMSSM/ run_NMSSM .x \

--slha -input -file= models /NMSSM/ LesHouches .in.NMSSM

Block MASS
1000021 5.05906233 E+02 # Glu
1000024 1.46609728 E+02 # Cha_1
1000037 3.99399367 E+02 # Cha_2

37 4.33363816 E+02 # Hpm_2
...
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Definition of SplitMSSM boundary conditions

FSModelName = " SplitMSSM ";

MINPAR = { {3, TanBeta } };

EXTPAR = { {0, MS},
{1, MT},
{2, MuInput },
{3, M1Input },
{4, M2Input },
{5, M3Input },
{6, mAInput } };

EWSBOutputParameters = { m2 };

HighScale = MS;
SUSYScale = MT;
LowScale = SM[MZ ];

LowScaleInput = { {v, Sqrt [2] MZDRbar / Sqrt [gY ^2 + g2 ^2]} ,
{\[ Mu], MuInput },
{M1 , M1Input },
{M2 , M2Input },
{M3 , M3Input } };
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Generated SplitMSSM spectrum generator C++ code

typedef Two_scale T; // or Lattice
SplitMSSM <T> split ;
SplitMSSM_input_parameters input ;
QedQcd qedqcd ;

// create BCs
std :: vector < Constraint <T>*> constraints = {

new SplitMSSM_low_scale_constraint <T >( input , qedqcd ),
new SplitMSSM_susy_scale_constraint <T >( input ),
new SplitMSSM_high_scale_constraint <T >( input )

};

// solve RG eqs. with the above BCs
RGFlow <T> solver ;
solver . add_model (& split , constraints );
solver . solve ();

split . calculate_spectrum ();
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