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FlexibleSUSY = spectrum generator generator

FlexibleSUSY

EsSSM MSSM ussm
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FlexibleSUSY's physical problem statement

Energy
scale Q
A
M Grand Unified Theory
X (GUT)
A
RGEs
\
Y, Electroweak
S symmetry breaking
A
RGEs
Y
Matching to SM
M
z Qem, Os, Mz, ...

4/14



FlexibleSUSY's Weltanschauung

e Model is defined in terms of Lagrangian parameters:

gi, Yij» V, -..in the MS/DR scheme

e Input parameters:
MS MS
QSM(MZ) sS)M (Mz), Mz, M, GE, ...

e Output parameters:
mp, My, Zp, ...
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Generating a spectrum generator

mNodeI definition
L(t,b,&....;gf,-.)

SARAH

\
My, X5, By, -
(Mathematica)

FlexibleSUSY

Y
spectrum generator

(C++)
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Generating a spectrum generator
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Generating a spectrum generator

model definition ‘ ..
L(t,b,&,...; 81 Yfs---) My=1

SARAH CTi= ey ot |
' | w (3 , 3 |
M?! va va--- ’//’/“6‘/1:1671'2 (]_Og12+2g22)+"'1
(Mathematica) o S e A .

FlexibleSUSY

Y
spectrum generator

(C++)
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Generating a spectrum generator

nlodeldeﬁniﬂon
L(t,b,g,....81y--.)

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)

SARAH

return mass_matrix;

\
My, X5, By, -
(Mathematica)

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

+

self_energy
self_energy .3
self_energy s

B

+
[}

+

FlexibleSUSY

return self_energy;

Y
-7 double beta_vi() {
speCtrum generator -7 double beta_vil;
(C++) beta_vl = v1%(0.3*Sqr(gl)
+ 1.5xSqrt(g2))/(16.%Sqr(Pi) + ...;
return beta_vil;
} /
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FlexibleSUSY features

e Precision
ﬁlglL), 5,(2”, ZSIL), tf(,,.l)

rMSSM: Z;?L’af%"‘(at-ﬁ-abf), tﬁ?Lvatas-‘r(ar—&-ab)Q)
rNMSSM: szvarasHaﬁabf), ti(h_zL,atw(aﬁab)z)
e Tower of EFTs
e Modular, well readable C++ code
e High speed
e Multiple BVP solvers
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Split-MSSM Lagrangian

Esplit = Ekin + Eyuk + EHiggs + EHiggsino
1
Lhiggs = M*HTH — 5A(HT H)?

EHiggsino = _/LFILTGF"d
M My ~ M =~
SR E W - BB
Hf - o\~
- ﬁ <N2u0—a we + gluB) Hu
HTe . - e -
-5 (—g2daa W + gldB> Fy+he

Fixed by matching conditions: A, g1, 824, &1d, &2d
Fixed by EWSB: m?
Input at Mz: u, My, Mo, M
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Physical problem statement

Energy
scale Q
A
Matching to MSSM
Ms \ B B
, 8iuy 8id
A
RGEs
Y
EWSB: m?
M, SB: m
Calculation of M,
A
RGEs
4
Matching to SM
My &
8i, Yf, V
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Algorithm to calculate the pole mass spectrum

Energy-
scale

Ms

M,

Mz

A

A

RGEs

Calculate
)\v giu: éid

RGEs

Y

EWSB = m?

RGEs

\

MS masses
= pole masses

Start

Calculate
8ir Y. V
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Results [preliminary]
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Future plans

e cross-checking the implementation with Split-Suspect
e add leading 2572)

e study CMSSM-like scenarions
— requires complete matching to the MSSM for
w, M;, A, mz,mz,mfj,m,z,mg
? implementation into FeynHiggs
? generalization of the threshold corrections to general SUSY

models
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Thank you!

MSSM ussm

14
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Calculation of X, g14, &, &1d, &2d

Matching conditions Split-MSSM <+ MSSM lead to
~ 3 ~
8iu = ggl sin 3+ Agiy

. 3 ) N
81d = ;8105 [+ Agrg

&2u = g2sin B+ Ag‘2u

Zoq = g2 €os 3+ Aoy

1 3
A= [g2 + 5g12] c0s? 283 + AN

The corrections Ag;,, Agiq, A are functions of

2

u’

givyhAt«,/lsmA:tanﬂt méam i

m3, m?, m2
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Calculation of gPR(My)

Input: aSS),’\ZTS(MZ):QllSS

%
5),MS
s VT 1 Aagsm(Mz) — Aas(Mz)
with
s 2 m
Aassm(p) =5 {—3| g/j]
as |1 myg
Aas(u) = % 5 — Z Tf IOg —
SUSY particle f K
=
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Calculation of yPR(M;)

Input: m?°'e
%
mPR, (1) = mE'® + Re 7 (mP*")
—|—m?°le[ReZt( pole)+ReZR( pole)
2
A (1))qu — _ I ﬂ
m; 12 5—3log 2

mgz),ch _ (Amg),ch)?

4 2 2

&3 2 [ My my

- 306l0g? |t | — 1476 l0g | &
46087* l e (/ﬂ ) e <u2 )

— 48¢(3) + 2011 + 167%(1 + log 4)]
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Split-MSSM EWSB condition

1

0= a\/e(fF)
ov

8Vree

=V2v (—m2 + v2/\) — tlgl)(m,-)

— solve iteratively for m?
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Calculation of the Higgs pole mass

Solve for I\/l,21 at p® = M,27:
0=p?— my+ Sp(p?)
where
mp = —m? + 3\v?
and

Sh(p?) = Tn(p?) — om} + (p* — m3)3Z,
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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

$ ./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 5.05906233E+02
1000024 1.46609728E+02
1000037 3.99399367E+02
37 4.33363816E+02
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https://flexiblesusy.hepforge.org

Definition of SplitMSSM boundary conditions

FSModelName = "SplitMSSM";
MINPAR = { {3, TanBetal} };
EXTPAR = { {0, MS},

{1, MT},

{2, Mulnput},
{3, MiInput},
{4, M2Input},
{56, M3Input},
{6, mAInput} };

EWSBOutputParameters = { m2 };

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

LowScaleInput = { {v, Sqrt([2] MZDRbar / SqrtlgY~"2 + g2~2]},
{\[Mu], MuInput},
{M1, MiInput},
{M2, M2Input},
{M3, M3Input} };
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Generated SplitMSSM spectrum generator C++ code

typedef Two_scale T;

SplitMSSM<T> split;
SplitMSSM_input_parameters input;
QedQcd qedqcd;

std::vector<Constraint <T>*> constraints = {
new SplitMSSM_low_scale_constraint<T>(input,bqedqcd),
new SplitMSSM_susy_scale_constraint<T>(input),
new SplitMSSM_high_scale_constraint <T>(input)

};

RGFlow<T> solver;
solver.add_model (&split, constraints);
solver.solve () ;

split.calculate_spectrum();
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