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FlexibleSUSY = spectrum generator generator

FlexibleSUSY

EsSSM MSSM ussm

3/18



Generating a spectrum generator

mNodeI definition
L(t,b,&.....8yf ")

SARAH

4
Mz, X3, B - -
(Mathematica)

FlexibleSUSY

4
spectrum generator

(C++)
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Tower of EFTs

My
MSSM
Msplit
Split-MSSM
Ms
SM
M
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NMSSM variants available in FlexibleSUSY

Zz-symmetric NMSSM (called NMSSM in FlexibleSUSY):
Wz, = ye(HaL)E + ya(HaQ)D + yu(QH,)U
AS(HgHy) + 253
Esoft,Z3 = ﬁsoft,MSSM(B:U’ = O)
A
— m?|s]® - ()\A/\s(hdhu) +E0ng3 h.c.)

3
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NMSSM variants available in FlexibleSUSY

X3-NMSSM (called SMSSM in FlexibleSUSY):
We, = ye(HyL)E + ya(HgQ)D + yu(QH.)U
HFAS(HgH,) + 253
I
+u(HgHy) + €6S + 552
Loty = Lsoft,Mssm(Bu = 0)
— mZ|s? - </\A/\5(hdhu) + K;\”f - h.c.>

/2

— €55 — m7552 — Bu(hghy,) + h.c.
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NMSSM parameters (DR scheme)

Z3 (NMSSM) X5 (SMSsM)
fixed by SM 8y, 82, 83, Yu, Yd, Ye: Vu, Vd &Y. 82, 83, Yu, Yd, Ye: Vu, Vd
fixed by EWSB &, |vs|, m? |, By, &
User input mg, mﬁé mf,, mf, mg, mﬁ, mﬁ, mﬁ,sz, mg,
(general) Mp,, Mp,, mp,, m,, m3,

Ae, Ad, Au, A)u Arcy Ae, Ad, Au, A)u Afm

My, Ma, M3, M1, Ma, M3,

A, sign vs A, sign ,u,

K, Vs, i, m2, &F
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NMSSM parameters (DR scheme)

Z3 (NUTNMSSM)

X3 (NUTSMSSM)

fixed by SM

8Y, 82, 83y Yu, Yd: Yer Vu, Vd

8Y, 82, 83y Yu, Yd: Ye, Vu, Vd

fixed by EWSB

2 2 2
Mp, Mp,, Ms

2 2 2
My, Mp,, Ms

User input
(general)

2 2 2 2 2
mg, my, my, m;, mg,

R,
Ae, Ad, Au, A)u Arcy
My, Ma, Ms,

A, sign vs

2 2 2 2 2
mg, my, my, mg, mg,

lul?, Bu, &,

Ae, Ad, Au, A)u Afm
My, Ma, M3,

A, sign,u,

K, Vs, M ms ' gF
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Physical problem statement for the Z3-NMSSM

Energy
scale
y 1 GUT BCs
X m%, M,', A,'
A
RGEs
\
Input: A, sign vs
Ms EWSB: &, |vs|, m?
A
RGEs
4
Matching to SM
M
4 8i, Yr. vV
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Algorithm to calculate the model parameters consistent
with all BCs

Energy
scale

Mx 1

Ms

RGEs

Start

Set

m%, M,‘, A,'

RGEs

\

Set A, sign v

EWSB: &, |vs|, m? I

DR masses
= pole masses

RGEs

\

Calculate

8i Yf. vV
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Calculation of gPR(My)

Input: ol (M) = 0.1185

%
5),MS
s T T T Nagsm(Mz) — Aas(Myz)
with
s 2 m
Aassm(p) =5 {—3| g/j]
Qg 1 my¢
Aas(u) = % 5 — Z Tf IOg —
SUSY particle f K
=
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Calculation of yPR(M;)

V2mPR(Mz)
Vu(Mz)

where the running top mass is calculated from the pole mass M; as

PR(Mz) =

mPR () = M, + Re X5 (Me) + M, | Re TE(M,)

+ Re TR (M) + Am{P)gtven 4 Amgz%g'wn}
Arn(lL),quon o g32

2
my
oo 5[y (7)

2
Arni(‘LQL),quon _ (AmglL),gluon)

4 2 2

&3 2 [ My mi

—-— | — | — 14761 —
16084 [396 og <M2> 6og<u2>

— 48¢(3) + 2011 + 1672(1 + log 4)} 13/ 18




Calculation of v, and vy

The VEVs are calculated from the running Z mass at p = My:

BR 2m97R(I\/IZ) sin 3

R
M-) =
Vu ( Z) T’% —|—g22
v(?iR(MZ) _ 2mBR(MZ) cos 3
[ 2 2
gy T8

DR 1L
mBR(Mz) = /M3 + 13D (p2 = 2 = M2)

v, R and v(?iR evolve under RG running according to
[Sperling, Stockinger, AV, 2013, 2014]
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Calculation of the Higgs pole mass

For each i =1,...,3: find p? = M,%I_ which satisfies
0 = det [p2 —mi - Am,z,’:“_ — Am,z,’m_]

where

1L
Ampy =T (p? = M2, = Ms)

Ami2772|_ - O(Oés(at + Oéb), p2 - 0) NMSSM [Degrassi, Slavich, Nucl. Phys. B 825]
+ O((at + ap)® + a2, p?> =0) MSSM
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FlexibleSUSY vs. NMSSM-SoftSUSY

NMSSM-SoftSUSY

FlexibleSUSY

Z3— and Z3—NMSSM
GUT boundary conditions

complete AL and BCL) (incl. family mixing)

complete T(11)(p?) V particles

genuine NMSSM 2-loop Higgs mass corrections O(as(ar + ap), p? = 0)
2-loop MSSM Higgs mass corrections O((a: + ap)? + a2, p> = 0)

Differences

Decay interface for NMSDECAY
optimized couplings

3 EWSB variants

BCs via C++

fast pole masses

stable code basis

few dependencies

G, input

no sfermion flavour violation
relic density via micrOMEGAS
real parameters

FlexibleDecay (currently in development)
automatically generated couplings

user-defined

BCs via Mathematica or C++

fast RG running

automatically generated

requires Mathematica, SARAH, Boost, Eigen, GSL
G, or My input

sfermion flavour violation possible

complex parameters (development finished, currently in testing)
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Features and restrictions

Restrictions:
e gauge group restricted to SU(3). x SU(2)L x U(1)y x G
e currently only MSSM- and NMSSM Higgs 2-loop corrections
e currently no decays

Features:

e automatically generate spectrum generator for MSSM,
NMSSM, USSM, MRSSM, E¢SSM, pvSSM, SM, THDM-II

e aim to be as precise as SoftSUSY
e modular C++ code — extensible and reusable

e easy to build towers of EFTs
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Comming soon

e decays via FlexibleDecay

° (g— 2)#
e more precise Higgs pole mass calculation via EFT approach
(large log resummation)

e automated creation of tower of EFTs
e alternative BVP solvers (lattice solver, semi-analytic solver)
e prediction of My in all models

e complex parameters = CP violation

18/ 18



Backup



FlexibleSUSY's Weltanschauung

e Model is defined in terms of Lagrangian parameters:

gi, Yij» Vir - . .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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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

FlexibleSUSY SLHA configuration options

0

0 N O O W

10

11

12

13
14

le-04
0

= NN NDDNO

le-11

#

HOH H H OH H HH HHHHHHHH R

Block FlexibleSUSY

precision goal

max. iterations (0 = automatic)
calculate SM pole masses

pole mass loop order

EWSB loop order

beta-functions loop order
threshold corrections loop order
Higgs 2-loop corrections
0(alpha_t alpha_s)

Higgs 2-loop corrections
O(alpha_b alpha_s)

Higgs 2-loop corrections
0((alpha_t + alpha_b)"2)

Higgs 2-loop corrections
0(alpha_tau~2)

force output

Top quark 2-loop corrections QCD
beta-function zero threshold
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