
Next-to-Minimal SOFTSUSY 
Ben Allanach, Peter Athron, Lewis Tunstall,  

Alexander Voigt,  Anthony Williams 



Contents 

• Motivation 

• NMSSM model 

• NMSSM Spectrum calculation 

• Code structure 

• Download and install 

• Running the code 

• Conclusions  



Spectrum generators 

Solve boundary value problem finding: 

Parameters (masses and couplings)  at low energies  



Spectrum generators 

Solve boundary value problem finding: 

Parameters (masses and couplings)  at low energies  

Pole masses and mixings  



Spectrum generators 

Solve boundary value problem finding: 

Parameters (masses and couplings)  at low energies  

Pole masses and mixings  

consistent with:  
Input boundary conditions on parameters  

Low energy data (                                    ) 



  Spectrum generators play a crucial role in SUSY phenomenology 

• Allow fast exploration of the parameter space with high precision 

Spectrum generators 

Solve boundary value problem finding: 

Parameters (masses and couplings)  at low energies  

Pole masses and mixings  

consistent with:  
Input boundary conditions on parameters  

Low energy data (                                    ) 



  Spectrum generators play a crucial role in SUSY phenomenology 

• Allow fast exploration of the parameter space with high precision 

Spectrum generators 

Solve boundary value problem finding: 

Parameters (masses and couplings)  at low energies  

Pole masses and mixings  

consistent with:  
Input boundary conditions on parameters  

Low energy data (                                    ) 

• Provides required input for many other HEP tools 

e.g.  Dark matter calculators,  low energy observables, decay tools   
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• Allow fast exploration of the parameter space with high precision 

Spectrum generators 

Solve boundary value problem finding: 

Parameters (masses and couplings)  at low energies  

Pole masses and mixings  

consistent with:  
Input boundary conditions on parameters  

Low energy data (                                    ) 

• Provides required input for many other HEP tools 

e.g.  Dark matter calculators,  low energy observables, decay tools   

• Typically appears at the top of a long calculation tool chain for 
doing phenomenology 
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With Next-to-Minimal SOFTUSY now get this benefit in NMSSM 

• Very reliable, heavily tested, extends very widely used code 

• Very readable, easy to understand and modify 

• Familiar code structure to SOFTSUSY users  
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• Solve     -problem   

NMSSM Spectrum generation 

• Increase the Higgs mass   

• Improved naturalness   
e.g. [M.Bastero-Gil, C.Hugonie, S.F.King, D.P.Roy , S.Vempati,  PLB 489, 359;  S. F. King, M. 
Mhlleitner, R. Nevzorov and K. Walz,Nucl. Phys. B 870 323,;T. Gherghetta, B. von Harling, A. D. 
Medina,M. A. Schmidt, JHEP 02, 032; D.Kim, PA, C.Balázs, B.Farmer, E.Hutchison 
arXiv:1312.4150]   
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NMSSM 

Break PQ symmetry explictly with 
cubic term: 

Use all renormalisable terms  

Next-to-Minimal SOFTSUSY can generate spectra in both cases 
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Apply boundary 
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ITERATION 
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Tree level 
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― Needed for evolution between scales e.g, GUT and EW 

― Obtained from gen. expressions  
― checked against NMSSM rev. 

[Martin,Vaughn PRD  50, 2282]  

[Ellwanger,Hugonie,Teixeira Phys.Rept. 96, 1] 

― Checked numerically via two independent implementations 

― Checked numerically against FlexibleSUSY 
[PA,Park,Stöckinger ,Voigt, arXiv:1406.2319 ] 

(see also talk by A. Voigt) 

―       expr. taken from literature  [G.Degrassii, P.Slavich Nucl.Phys. B 825, 119] 

―       couplings added using NMSSM rev.    
[Ellwanger,Hugonie,Teixeira Phys.Rept. 96, 1] 

― Checked numerically via two independent implementations 
(most cases) 

― Checked numerically against FlexibleSUSY 
(all cases) 
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Higgs Mass accuracy 

• Full one loop self energies for all Higgs states  

• Obtain DR mass matrix  

• Two loop corrections using files from Pietro Slavich 

NMSSM zero momentum  

MSSM  parts zero momentum  

[G.Degrassii, P.Slavich Nucl.Phys. B 825, 119] 

•  one loop self energies use at                       via iteration:   

diagonalise 
for eigenvalues 

(for neutral Higgs states) 



Code structure 
• SOFTSUSY code structure has been updated a little 

• methods maintain familiarity for expert users  

• minimises code duplication, errors  



Download and install 

Next-to-Minimal SOFTSUSY is an extension of SOFTSUSY 

Distributed as part of SOFTSUSY from version 3.4.0 onwards 

 View/Download latest version from:  http://softsusy.hepforge.org/ 

Install 

Download 

N is the number of jobs to run simultaneously 
for parallel make 

Test Run 



Running the code 

Use the SLHA interface 
by passing an SLHA2 Input file  

Option 1 

To run:  
 call the softpoint executable as shown on the last  slide: 

User written SLHA2 
input file 

 SLHA2 output file 

[CPC 180 (2009) 8] 



Running the code 

Use the command line interface 

Option 2 

To run:  
 call the softpoint executable again 
but now without leshouches option  

and passing parameters as options like: 
 

WARNING: this interface has changed in version 3.4.0 onwards 
Details here are for the new version for 3.4.0 and later 
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Running the code 

Write program calling the fixed  point iteration 
 e.g  distributed sample program:  

 src/main-nmssm.cpp 

Option 3 

This sample code was called earlier in the TestRun example: 

Call fixed point iteration  



Using the code 

Fix parameters : 

Get SM inputs at MZ: 

Fill  

Call fixed point iteration  



Option 3 

Gives great flexibility and control to the user 
Wrap grid or random scan of parameters  

around last step 

Using the code 

Produce plots of the physics 

For example... 



Using the code 



Interface with NMSSMTools 

Running the code 

Setup: 

Run: 

SLHA options: 



Conclusions 

• Next-to-Minimal SOFTSUSY is here now! 

• Next-to-Minimal SOFTSUSY is fast, reliable, easy to use  

• Go to the SOFTSUSY website now! 

Download it! 

Install it! 

Use it! 

Hack it! 

Tell us what you think of it! 
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EWSB 
Options for parameters fixed by EWSB conditions: 


