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! Gravitino is NOT the LSP: 
Gr lifetime affects primordial Big-Bang Nucleosynthesis (BBN) 

(if it decays in that BBN time): 

Decays of Gr can change primordial abundance of elements 

by electromagnetic/hadronic showers which  

destroy or create light nuclear species 

Therefore, stringend bounds from BBN 

Framework: general FC MSSM with RP conservation,  
Gravitino mass is a free parameter 
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Motivation cont’d 

!   Therefore, precise calculations of decay widths with Gr are necessary 

!   Calculations can involve many gamma matrices and several Feynman graphs, 
     an automatic tool is very helpful 

!   Gravitino is the LSP: 
•  Dark Matter candidate 

•  Long-lived NLSP  

•  This again might spoil the BBN predictions 
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Two- and three-body decays with gravitino 
                                               
!  Gravitino decays: 

  
“Three-body gravitino decays in the MSSM” – already published,  
H. E., V. C. Spanos, JHEP 1308 (2013) 055. 

!  Decays of NLSP into gravitino LSP: 
  
Neutralino1 two- and three-body decays 
Stau1 two- and threebody decays 
Stop1 two- and three-body decays 

!  Fortran program GravitinoPack1.0 is finished including a  
MathLink version  

!  Preparation of the publication discussing decays into gravitino LSP in 
progress, including the manual for the package “GravitinoPack” 

Helmut Eberl 

Gravitino Processes 
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For writing the code FeynArts for FormCalc is used with new developed 
extensions for the computation of all squared Gr decay amplitudes.   
                          

!  New FeynArts model file derived for Gr interaction with the MSSM, 78 new 
couplings, new Lorentz structure file written 

!  FormCalc, extension for auto-generation of Fortran77 code with Gr spin 3/2  
many gamma matrices involved – Weyl-van-der Waerden formalism used 

!  All two-body decay widths are checked with already published analytic 
formulas [e.g. Ellis et al. 2003, Diaz-Cruz et al. 2007]  

!  Comparison of all two-body decay widths with FeynRules 2.0.23, 
agreement  

!  Code automatically treats possible resonances in three-body decay widths 
– avoids double counting among two- and three-body decays – good check 

!  For convenience the libraries SLHALib-2.2 and Cuba-3.3 are added locally  

!  program supports SLHA input format 
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GravitinoPack 
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Gravitino Interactions with the MSSM 
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[Pradler, 07] 
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Gravitino field representation 
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[1941] 



Theorie SUSY 

Gravitino decays: 
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Two-body decays 

Three-body decays to neutralino + SM pair 

July 2014 
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GravitinoPack`

GravTotalWidth GravWidth2body GravWidth3body
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19 individuel 
decay channels   

All possible three-body decays of 
Gravitino into neutralino 
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Neutralino1 decays into gravitino: 
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Two-body decays 

Three-body decays to Gr + SM pair 

July 2014 

GravitinoPack`

Neu1toGrTotalWidth Neu1toGrWidth2body Neu1toGrWidth3body
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19 individuel 
decay channels   

July 2014 

All possible three-body decays of 
neutralino1 into gravitino 
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Stau1 decays into gravitino: 
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Two-body decays 

Three-body decays to Gr + SM pair 

July 2014 

no resonances possible 

GravitinoPack`

Stau1toGrTauWidth Stau1toGrTotalWidth Stau1toGrWidth3body
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Stop1 decays into gravitino: 

Helmut Eberl 

  

Three-body decays to  
Gr + SM pair 
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Two-body decays 
If stop1 is NLSP only t can become resonant 

GravitinoPack`

Stop1toGrTopWidth Stop1toGrTotalWidth Stop1toGrWidth3body
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GravitinoPack`

Geti2body GravWidth2body PrintWidths SetSMparameters
Geti3body GravWidth3body Seti2body SLHAfile
GetiCMS IsGrtheLSP Seti3body Stau1toGrTauWidth
GetiGrHel IsNeu1theNLSP SetiCMS Stau1toGrTotalWidth
Getionlygamma IsStau1theNLSP SetiGrHel Stau1toGrWidth3body
GetMSSMmasses IsStop1theNLSP Setionlygamma Stop1toGrTopWidth
GetSLHAParameters Neu1toGrTotalWidth SetMSSMOSmasses Stop1toGrTotalWidth

GetSMparameters Neu1toGrWidth2body
SetMSSMOSparamet-
ers Stop1toGrWidth3body

GravTotalWidth Neu1toGrWidth3body SetMSSMparameters

GravitinoPack MathLink functions 
There exist also analogous Fortran77 functions, the usage is shown in some 
example*.F files. 

!  First a scenario has to be fixed – locally or by SLHA2 file format 
 

!  Then widths and branching ratios can be calculated 
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? Seti3body

Seti3body@iD sets the common block variable ithreebody = i,
ithreebody = 0 == full calculation, also in case of resonances,
ithreebody = 1 == NWA for resonances + non-resonant part,
ithreebody = 2 == narrow width approx. for resonances only,
ithreebody = 3 == non-resonant part only.

? Geti3body

Geti3body@D returns common block variable ithreebody,
details see the description to Seti3body@D
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for a NUHM point (right) and a CMSSM point (left) 
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Conclusions 
!  New calculations of decay widths with gravitino presented 

!  Program package GravitinoPack presented, 
works at Fortran77 level and with MathLink, public available soon, 
includes 

!  All two-body decays and three-body decays to neu1 + SM  pair of Gr 

!  All two- and three-body decays of NLSP neu1, stop1, stau1 to Gr + SM pair  

!  Possible resonances in three-body decays treated automatically by using 
narrow width approximation – avoids double-counting 

!  Knowledge of complete three-body decay width important below and 
also above thresholds of possible resonant propagators 
 

Outlook 
 

!  Numerical study of NLSP to Gr LSP  

!  4body decays of stau1 and stop1 
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Thank you! 


