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Getting Started

Requirements: Mathmatica 7.0 or higher
1. Download SARAH from
http://sarah.hepforge.org/
(Choose either version 3.3.1 or the 4b.0.0.1)
2. Copy the tar-file to
/home/ [USER] / .Mathematica/Applications/
3. Extract the tar file via
tar -xf SARAH-3.3.1.tar.gz
4. Do load SARAH in Mathematica use
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First part: SARAH commands
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Important Commands

>
>
>
>
>
>
>
>
>
| 4
>
>
>
>

ShowModels: Returns a list with installed models
Start[’’Model’’]: Starts the given model

CheckModel: Performs checks of a model implementation
MassMatrix[Particle]: Returns the mass matrix
TadpoleEquation[Particle]: Returns the tadpole equation
Vertex[Particles]: Calculates the vertex for given states
MakeVertexList [Options]: Calculates all vertices
CalcRGEs [Options]: Calculates the RGEs

MakeFeynArts [Options]: Writes FeynArts model files
MakeCHep [Options]: Writes CalcHep/CompHep model files
MakeWHIZARD [Options]: Writes WHIZARD model files
MakeUFO[Options]: Writes model files in the UFO format
MakeTeX [Options]: Writes IATEX files

MakeSPheno [Options]: Writes source code for SPheno

Florian Staub BCTP Bonn E 4/18



In the first part of the tutorial we use the MSSM and test those
commands in SARAH.

See Playing with the MSSM.nb
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Second part: SARAH model files
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In this part of the tutorial we extend the MSSM model file to
implement another model. We have to choices:

1. Easy: we want to get the NMSSM
2. Advanced: we go for the B-L-SSM
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The NMSSM in SARAH
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T
From MSSM to NMSSM in SARAH

» The gauge sector hasn't to be changed

Gauge[[111={B, U[1], hypercharge, gl,False};
Gauge[[2]11={WB, SU[2], left, g2,True};
Gauge[[311={G, SU[3], color, g3,False};
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From MSSM to NMSSM in SARAH

» The gauge sector hasn’t to be changed

» Add singlet superfield
Fields[[1]] = {{uL,dL}, 3, q, 1/6, 2, 3};

1;‘::Le.;1ds [[5]]

= {conjldRl, 3, 4, 1/3, 1, -3};
Fields[[6]1] = {conj[uR]l, 3, u, -2/3, 1, -3};
Fields[[7]] = {conjleR], 3, e, 1, 1, 1};
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From MSSM to NMSSM in SARAH

» The gauge sector hasn’t to be changed

» Add singlet superfield
Fields[[1]] = {{uL,dL}, 3, q, 1/6, 2, 3};

l;iélds [[5]]

= {conjldRl, 3, 4, 1/3, 1, -3};
Fields[[6]1] = {conj[uR]l, 3, u, -2/3, 1, -3};
Fields[[7]] = {conjleR], 3, e, 1, 1, 1};
Fields[[8]] = {Sing, 1, S, 0, 1, 1};
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From MSSM to NMSSM in SARAH

» The gauge sector hasn't to be changed
» Add singlet superfield

» Change superpotential

SuperPotential = {{{Yu,1},{q, Hu, u}},
{{yd,-1},{q, Hd, d}},{{Ye,~1},{1, Hd, e}},
{{n,1},{Hu, Hd}}};
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From MSSM to NMSSM in SARAH

» The gauge sector hasn't to be changed

» Add singlet superfield

» Change superpotential

SuperPotential = {{{Yu,1},{q, Hu, u}},
{{vd,-1},{q, Hd, d}},{{Ye,-1},{1, H4, e}},
{{\,1},{Hu, H4, S}},

{{r,1/3},{8,8,8}}};
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From MSSM to NMSSM in SARAH

» The gauge sector hasn’t to be changed
» Add singlet superfield
» Change superpotential

» Give VEV to scalar singlet

DEFINITION[EWSB] [VEVs]=
{{sHdO, {vd, 1/v/2}, {sigmad, I/v/2},{phid, 1/v2}},
{SHuO, {vu, 1/\/5}, {sigmau, I/\/i},{phiu, 1/\/5}}};
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From MSSM to NMSSM in SARAH

» The gauge sector hasn’t to be changed
» Add singlet superfield
» Change superpotential

» Give VEV to scalar singlet

DEFINITION[EWSB] [VEVs]=

{{sHdo, {vd, 1/v/2}, {sigmad, I/v/2},{phid, 1/v/2}},
{SHuO, {vu, 1/\/5}, {sigmau, I/\/i},{phiu, 1/\/5}},
{ssing, {vS,1/v2},{sigmaS,1/v2},{phiS,1/v2}}};
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» The gauge sector hasn’t to be changed

>

Add singlet superfield

v

Change superpotential

v

Give VEV to scalar singlet

v

Change particle mixings

DEFINITION[EWSB] [MatterSector]=
{{{sdL, sdr}, {sd, zD}},

{{phiu, phid}, {h, ZH}},
{{sigmau, sigmad}, {Ah, ZA}},
{{£B, £WO0, FHAO, FHuO}, {LO, ZN}},

{{{fWm, FHdm}, {fWwp, FHup}}, {{Lm,Um}, {Lp,Up}}}}
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» The gauge sector hasn’t to be changed

v

Add singlet superfield

v

Change superpotential

v

Give VEV to scalar singlet

v

Change particle mixings

DEFINITION[EWSB] [MatterSector]=
{{{sdL, sdr}, {sd, zD}},

{{phiu, phid,phiS}, {h, ZH}},
{{sigmau, sigmad,sigmaS}, {Ah, ZA}},
{{£B, WO, FHdO, FHuO,FSing}, {LO, ZN}},

{{{fWm, FHdm}, {fWwp, FHup}}, {{Lm,Um}, {Lp,Up}}}}

Florian Staub BCTP Bonn b 9 /18



1\
atbo N\~ .

£ L B

From MSSM to NMSSM in SARAH

» The gauge sector hasn’t to be changed

v

Add singlet superfield

v

Change superpotential

v

Give VEV to scalar singlet

v

Change particle mixings

v

Define properties of parameters

{k,{LaTex -> "\\kappa",
Real -> True,
LesHouches -> {EXTPAR,62} }}
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The B-L-SSM and SARAH
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The Model

Particle content

SF | Spin 0 | Spin 3 | Generations | (U(1)y ® SU(2)r ® SUB)c ® U(1)p—r)
Q Q Q 3 (5:2,3,3)
D de de 3 (3,1,3,—%)
U ac u® 3 (-2,1,3,-})
IL L L 3 (-%,2,1,-1)
E e e 3 (1,1,1,1)
b e e 3 (0,1,1, g)
Hy Hy H, 1 (-3,2,1,0)
H, ;M o, 1 (3,2,1,0)
7 n 7 1 (0,1,1,-1)
7 7 7 1 0,1,1,1)

The superpotential is given by

W =Y/ Uinf{u —Ydijf)inﬁd —Y;ijEif/jﬁd +pH, Hy
+ YA L H, 0 — i i + Y i1 0
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U(l) L (1)B—L

The anomalous dimension matrix is not diagonal

33 2
BT
].67'(2 6\/% 9
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U(1)y % Ul

The anomalous dimension matrix is not diagonal

3 g, /2 Induces in general
_ 1 B 5 — non-vanishin
) g
7T 1on2 2 Y mB-L
6\/; 9 F/—“/F —L,pv
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U(l)y X U(l)B_L

The anomalous dimension matrix is not diagonal

1 33 6\/5 Induces in general
v = > 5 — non-vanishing
1672 6\/% 9 FY FB—L,H,V
puv

Both Abelian gauge groups mix. HFBL;FB_L’IW can be absorbed in
a non canonical covariant derivative

AY
D =0, —il0Y B—L(QYY QYB)( M)
b= 0= U@, Q7 9dBY 9BB AB

12 /18
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U(l)y X U(l)B_L

The anomalous dimension matrix is not diagonal

1 33 6\/> Induces in general
v = — non-vanishing
1672
6\/7 FY, pB-Lpw

Both Abelian gauge groups mix. RFLFB_L”“’ can be absorbed in
a non canonical covariant derivative

D, = 8, —i(Q¥,Q5 ") ( gvy 9vB ) ( ilz )
n

gBY UBB

We choose gpy = 0 and gyp =

bz
:
o

9d9yyY9dBB — 9Y BIBY
—  ——— ,9BL

gl = _ 9vBY9BB + 9BYIYY
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Gauge symmetry breaking and physical states
The gauge symmetry is broken by

(Hg) = va, (Hy) = v, (7) = vy, (n) = vy

with tan 8 = Z—’; and tan 3 = Z_Z’
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Gauge symmetry breaking and physical states

The gauge symmetry is broken by

<H3> = Ud, <H3> = Uy, (ﬁ) = Vg, (77> = Uy
with tan 8 = z—’; and tan g/ = &2

Un

|
The gauge bosons (B, B, W3) mix to (v, Z, Z')
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Gauge symmetry breaking and physical states
The gauge symmetry is broken by

(HY) = va, (Hy) = v, (7) = vg, (n) = vy

with tan 3 = 7= and tan ' = Z—Z

|
The gauge bosons (B, B, W3) mix to (v, Z, Z')

The CP even and CP odd sneutrinos split because of Yggjﬁmﬁj

. 1 R R SV
U = 75 (9 +99}) Vi = 75 (0 +10%)
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Summary of mass eigenstates

v

4 CP even Higgs fields
2 CP odd Higgs fields, 2 neutral Goldstones
7 neutralinos

v

v

» 6 CP even sneutrinos, 6 CP odd sneutrinos

v

6 neutrinos

v

3 neutral gauge bosons

v

(s)quarks, charges (s)leptons as in the MSSM

v

charged Higgs and gauge bosons as in the MSSM
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Summary of mass eigenstates

v

4 CP even Higgs fields
2 CP odd Higgs fields, 2 neutral Goldstones

7 neutralinos

v

v

» 6 CP even sneutrinos, 6 CP odd sneutrinos

v

6 neutrinos

v

3 neutral gauge bosons

v

(s)quarks, charges (s)leptons as in the MSSM
» charged Higgs and gauge bosons as in the MSSM

|
— Getting all vertices and RGEs would be a tedious work
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From MSSM to B-L-SSM in SARAH
» Adding the new gauge group

Gauge[[111={B, U[1], hypercharge, gl,False};
Gauge[[2]11={WB, SU[2], left, g2,True};
Gauge[[311={G, SU[3], color, g3,False};
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From MSSM to B-L-SSM in SARAH
» Adding the new gauge group

Gauge[[111={B, U[1], hypercharge, gl,False};
Gauge[[2]11={WB, SU[2], left, g2,True};
Gauge[[311={G, SU[3], color, g3,False};
Gauge[[4]11={Bp, U[1], BminusL, glp,False};
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From MSSM to B-L-SSM in SARAH
> Adding the new gauge group

> Add the new quantum numbers and superfields
Fields[[1]] = {{uL,dL}, 3, q, 1/6, 2, 3};

fiélds [[51]

= {conjldRl, 3, d, 1/3, 1, -3};
Fields[[61] = {conj[uR]l, 3, u, -2/3, 1, -3};
Fields[[7]1] = {conjleR]l, 3, e, 1, 1, 1};
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From MSSM to B-L-SSM in SARAH

» Adding the new gauge group
» Add the new quantum numbers and superfields

1\
alDU N\ 5 L2

Fields[[1]] = {{uL,dL}, 3, q, 1/6, 2, 3, 1/6};

Fields[[6]] = {conj[drl, 3, 4, 1/3, 1, -3, -1/6};
Fields[[6]] = {conj[uRl, 3, u, -2/3, 1, -3, -1/6};
Fields[[7]1] = {conjleR]l, 3, e, 1, 1, 1, 1/2};
Fields[[8]] = {conj[vR]l, 3, vR, 0, 1, 1, 1/2};
Fields[[9]] {et, 1, eta, 0, 1, 1, -1};
Fields[[10]] = {etb, 1, etaB, 0, 1, 1, 1};
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From MSSM to B-L-SSM in SARAH
» Adding the new gauge group

» Add the new quantum numbers and superfields

» Change superpotential

SuperPotential = {{{1,Yu},{q, Hu, u}},
{{-1.Yd,},{q, Hd, da}},{{-1,Ye},{1, Hd, e}},
{{1,p},{Hu, Hd}}};
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From MSSM to B-L-SSM in SARAH
> Adding the new gauge group

> Add the new quantum numbers and superfields
» Change superpotential

SuperPotential = {{{1, Yu},{q, Hu, u}},
{{-1, vd,}.{q, Hd, d}},{{-1, Ye,},{1, Hd, e}},
{{t,p},{Hu, Hd}}, {{1, Yv},{1,Hu,vR}}

{{-1, MuP},{eta, etaB}}, {{1, Yx},{vR, eta,vR}}
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From MSSM to B-L-SSM in SARAH

» Adding the new gauge group

N\~ e

» Add the new quantum numbers and superfields
» Change superpotential

» Decompose Higgs fields and sneutrinos
DEFINITION [EWSB] [VEVs]=

{{sHdo, {vd, 1/v/2}, {sigmad, I/v/2},{phid, 1/v/2}},
{SHuO, {vu, 1/\/5}, {sigmau, I/\/i},{phiu, 1/\/5}}};
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From MSSM to B-L-SSM in SARAH

Adding the new gauge group

Add the new quantum numbers and superfields
Change superpotential

Decompose Higgs fields and sneutrinos

DONN AN ' "y

vV vyYyysy

DEFINITION [EWSB] [VEVs]=

{{sHdo, {vd, 1/v/2}, {sigmad, I/v/2},{phid,1/v2}},
{SHuO, {vu, 1/v/2}, {sigmau, I/v/2},{phiu,1/v2}},
{Set,{vEta,1/\/5},{sigmaEta,I/ﬂ},{phiEta,l/ﬁ}},
{Setb, {vEtaB,1/+/2},{sigmaEtaB,I/v/2},{phiEtaB,1/v/2}},
{SvR,{0 ,0 },{sigmaR,I/v/2},{phiR,1/v/2}},

{svL,{0, 0},{sigmal,I/v/2},{phil,1/v2}} ;
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From MSSM to B-L-SSM in SARAH
» Adding the new gauge group

v

Add the new quantum numbers and superfields

v

Change superpotential

v

Decompose Higgs fields and sneutrinos

v

Mixing of gauge bosons

DEFINITION [EWSB] [GaugeSector] = {
{{vB,vwB(31},{VP,VZ},ZZ},

’
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From MSSM to B-L-SSM in SARAH
» Adding the new gauge group

v

Add the new quantum numbers and superfields

v

Change superpotential

v

Decompose Higgs fields and sneutrinos

v

Mixing of gauge bosons
DEFINITION [EWSB] [GaugeSector] = {

{{vB,VvwB[3],VBp},{VP,VZ,VZp},ZZ},

’
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From MSSM to B-L-SSM in SARAH
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Adding the new gauge group

Add the new quantum numbers and superfields
Change superpotential

Decompose Higgs fields and sneutrinos

Mixing of gauge bosons

Change particle mixings

DEFINITION [EWSB] [MatterSector]=
{{{sdL, sdaRr}, {sd, zb}},

{{phiu, phid}, {h, ZH}},
{{sigmau, sigmad}, {Ah, ZA}},
{{£B, £WO0, FHdO, FHuO}, {LO, ZN}},
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From MSSM to B-L-SSM in SARAH
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Adding the new gauge group

Add the new quantum numbers and superfields
Change superpotential

Decompose Higgs fields and sneutrinos

Mixing of gauge bosons

Change particle mixings

DEFINITION [EWSB] [MatterSector]=
{{{sdL, sdaRr}, {sd, zb}},

{{phiu, phid,phiEta,phiEtaB}, {h, ZH}},
{{sigmau, sigmad,sigmaEta,sigmaEtaB}, {Ah, ZA}},
{{£B, WO, FHAO, FHuO,fBp,Fet,Fetb}, {LO, ZN}},
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From MSSM to B-L-SSM in SARAH
» Adding the new gauge group

NS
alDU N\ 2 B

» Add the new quantum numbers and superfields
» Change superpotential

» Decompose Higgs fields and sneutrinos

» Mixing of gauge bosons

» Change particle mixings

» Possibility go give additional information: new PDGs,
IATEXcode, properties of parameter, ...
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From MSSM to B-L-SSM in SARAH
» Adding the new gauge group

» Add the new quantum numbers and superfields
» Change superpotential

» Decompose Higgs fields and sneutrinos

» Mixing of gauge bosons

» Change particle mixings

» Possibility go give additional information: new PDGs,
IATEXcode, properties of parameter, ...

{Yx,{LaTeX -> "Y x",

Real -> False,
LesHouches -> YX }}
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From MSSM to B-L-SSM in SARAH

>

>

Initializing the model in Mathematica

Adding the new gauge group

Add the new quantum numbers and superfields
Change superpotential

Decompose Higgs fields and sneutrinos

Mixing of gauge bosons

Change particle mixings

Possibility go give additional information: new PDGs,
IATEXcode, properties of parameter, ...

<< $PATH/SARAH.m;
Start[¢‘B-L-SSM’’];
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SARAH and SPheno
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Seven steps to get a new spectrum generator

Run in Mathematica:

1. << [SARAH]/SARAH.m*°
2. Start[’’B-L-8SSM’°’];
3. MakeSPheno[];

and in the terminal
4. mkdir [SPHENO]/BLSSM/
5. cp [SARAH]/Output/EWSB/SPheno/* [SPHENO]/BLSSM/
6. cd [SPHENO]
7. make Model=BLSSM

([SPHENO] and [SARAH] are the paths to your local SPheno and SARAH installations)
This creates a new executable bin/SPhenoBLSSM which can be fed
by LesHouches.in.BLSSM
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Setting up the SPheno properties

The basic properties of SPheno are defined in a separate input file
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Setting up the SPheno properties

The basic properties of SPheno are defined in a separate input file
» The input parameters

MINPAR={ {1,m0},
{2,m12},
{3,TanBeta},
{4,8ignumMu},
{5,Azero},
{6,TanBetaP},
{7,SignumMuP},
{s.mzp} s
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Setting up the SPheno properties

The basic properties of SPheno are defined in a separate input file
» The input parameters

» Definition for GUT scale

ConditionGUTscale =
(gl*glp-glglp*glpgl) /Sqrt [glp~2+glpgl~2] == g2;
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Setting up the SPheno properties

The basic properties of SPheno are defined in a separate input file
> The input parameters
» Definition for GUT scale
» The boundary conditions

BoundaryHighScale= {
{g1g1p, 0}, {glpgl, O},
{MassB, m12},..., {MassBp, mi12}, {MassBBp, O},
{mq2, DIAGONAL m0~2}, ...
{mEta2, m0~2}, {mEtaB2, m0~2},
{T[Yel, Azerox*Ye}, ...
{TLYx], Azero*Yx}, {T[Yv],Azero*Yv}};
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Setting up the SPheno properties

The basic properties of SPheno are defined in a separate input file
» The input parameters
» Definition for GUT scale
» The boundary conditions

» The parameters fixed by the tadpole equations

ParametersToSolveTadpoles = {B[Mul,Mu,B[MuP], MuP};
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Setting up the SPheno properties

The basic properties of SPheno are defined in a separate input file
» The input parameters

Definition for GUT scale

The boundary conditions

The parameters fixed by the tadpole equations

v

v

v

The renormalization scale

v

RenormalizationScale = MSul[1]#*MSu[6];
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Setting up the SPheno properties

The basic properties of SPheno are defined in a separate input file

>

>

>

The input parameters

Definition for GUT scale

The boundary conditions

The parameters fixed by the tadpole equations
The renormalization scale

Particles, for which the decays should be calculated

ListDecayParticles = Automatic;
ListDecayParticles3B = Automatic;

(Automatic: All Non-SM fields)
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Setting up the SPheno properties

The basic properties of SPheno are defined in a separate input file
» The input parameters
» Definition for GUT scale

The boundary conditions

The parameters fixed by the tadpole equations

v

v

The renormalization scale
Particles, for which the decays should be calculated

MakeSPheno []

Starts all necessary calculations (masses, RGEs, vertices,...) and
writes the source code.

v

v
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