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Overview for the talk:

1. Searches for Supersymmetry

2. Analysis Context, Motivations for Decay Calculator

3. How it works

4. Capabilities

5. Decay modes, validation, uses:

- MSSM Susy decays

- Higgs decays

(- Gravitino decays)

- 1 → 3 decays

- NMSSM decays

6. Summary
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Searches for Susy

● Lots of ways to search for susy

● Look for new particles via susy decays: SUSY → SUSY + SM

● Look for effects of new virtual particles:

- e.g. sfermion intermediates in 1 → 3 decays

- stops in h → γγ, Zγ, gg loops

● So far cMSSM significantly constrained, although still room for pMSSM.
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Framework for Susy searches
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B.C. Allanach, “SUSY 
Predictions and SUSY 
Tools at the LHC”, 
arXiv:0805.2088[hep-ph]
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Current setup and programs
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SPECTRUM GENERATOR 

(SoftSusy, Suspect, ISAJET, etc)

Higgs decay 

calculator (e.g. 

FeynHiggs, 

hdecay)

Susy Decay 

calculator 

(e.g. SusyHit, 

Spheno)

NMSSM Decays 

calculator (e.g. 

NMSSMTools)

NMSSM 

Spectrum 

generator? 

(SoftSusy)

1.

2.

?

3. 4.

?
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Motivations for SoftSusy Decay 
Calculator
● All-in-One spectrum generation and decay calculation
● Ease and Usability 
● Contains all phenomenologically relevant decays:
- SUSY
- Higgs
- Gravitino
- NMSSM
All in one place!
● Provides additional code for decay BRs comparison –
improves knowledge of theoretical errors and 
variation involved.
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How it works – 1 Input File
1 input file only required

Choose model

MSSM sugra, amsb, gmsb

NMSSM etc

Set SM inputs

Set 

parameters 

at GUT scale

Set flags for decay 

process – decays on/off,1-

>3, gravitinos etc

Set spectrum generator 

requirements – precision, 

no. of loops, gravitino mass, 
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1 Output file in SLHA form
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1 Output file in SLHA form
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SoftSusy Decay Capabilities
● All 1 → 2 decays of MSSM SUSY particles.

● All 1 → 2 higgs decays in MSSM.

● Phenomenologically Relevant 1 → 3 decays in MSSM (e.g. for 

compressed spectra)

● Higgs 1-loop decays: h -> γγ, Zγ, gg in MSSM and NMSSM

● Higgs 1 → 3 decays via VV*: h -> VV* -> V f fbar

● Decays to gravitinos in MSSM

● All 1 → 2 decays of SUSY and higgs particles in NMSSM 

(extended higgs and neutralino sectors).
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● Validation plots e.g. neut 4

MSSM Susy decays – χ4
0

Spectrum Plot generated with slhaplot of pyslha-3.2.0: 
Buckley arXiv:1305.4194 
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● Validation plots e.g. neut 4

MSSM Susy decays – χ4
0

Spectrum Plot generated with slhaplot of pyslha-3.2.0: 
Buckley arXiv:1305.4194 
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MSSM Susy decays 2 – DM as χ1
0

LSP
● DM search – e.g. suppose DM is lightest neutralino, may want to look at 

decays into neutralino1.

● Can examine which particle types are produced in association and in 

what percentages to look for signals.

NLSP  =  𝜏1

Partial Width for

 𝜏1 -> 𝜏 𝜒1
0

Г = 7.7 x 10-3 GeV

lifetime = 8.6s
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Higgs decays – BRs as mh scanned 
up to 200GeV
● BRs of lightest higgs as mass scanned – SoftSusy Decays plot on left, 

classic plot from LHC Higgs cross section working group on right:

Denner, Heinemeyer, Puljak, Rebuzzi, Spira
“Standard Model Higgs Boson Branching ratios 
with Uncertainties”, arXiv:1107.5909
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Higgs decays 1 – BRs at mh = 
125.09GeV

● Comparison of BRs for SM like higgs – SoftSusy Decays module vs 

hdecay program
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1 → 3 decays

● Each additional decay particle suppresses Г (PW)

● 1 -> 2 favoured over 1 -> 3, but when 1 -> 2 not allowed, 

1 -> 3 important.

● E.g. Compressed spectra: 𝑚𝑑𝑒𝑐𝑎𝑦 − 𝑚𝑆𝑢𝑠𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 < 𝑚𝑆𝑀

Spectrum Plot 
generated with 

slhaplot of pyslha-
3.2.0: Buckley 

arXiv:1305.4194 
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1 → 3 decays Plot
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NMSSM – theory
● Add gauge singlet chiral superfield S -> one new SUSY fermion 

(singlino) and 2 new Susy scalars

- Singlino  𝑆 mixes with neutralinos  𝜒1
0,  𝜒2

0,  𝜒3
0,  𝜒4

0 -> 5 neutralinos

- Scalars form 2 extra higgses bosons, assuming CP 

conservation in higgs sector -> 

1 extra CP even higgs ℎ3 + 1 extra CP odd higgs 𝐴2

-> Mix with 2 CP even higgses and 1 CP odd higgs of MSSM

 𝜒2
0  𝜒3

0  𝜒4
0 𝑆  𝜒1

0  𝜒2
0  𝜒3

0  𝜒4
0 𝜒5

0  𝜒1
0

ℎ3 ℎ1 ℎ2 𝐻3 ℎ 𝐻

𝑎2 𝑎1 𝐴2 𝐴
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NMSSM – theory and motivations
● µ problem

- Sets scale of higgsino/higgs masses

- Have to set µ to EW/SUSY scale by hand -> fine-tuned

- NMSSM:

- Give  𝑆 a vev -> dynamically generate 𝜇 = 𝜆 𝑆 at Susy scale

- ---- > No µ problem!

● Higher higgs masses:

- MSSM at tree-level: -> Problem getting mh near 125GeV

- NMSSM: masses enhanced by extra term -> larger mh

- Allows less fine-tuned stop masses!

mh < mZ

𝜅 𝑆

Ellwanger, Hugonie, Teixeira
arXiv:0910.1785
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 𝜒5
0
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NMSSM Decays 
– A2
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• New heavier CP odd higgs, 
A2 in NMSSM.

• Consider it’s decays with 
right-hand spectrum.

• Note no NMSSM 
specific decays open 
initially.
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NMSSM Decays 
– A2 scan

 𝜒5
0
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• Again as raise its mass other 
modes become available.

• Decay to 
Heaviest CP 
even higgs H3

and Z boson 
becomes 
important once 
allowed.
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Summary and Conclusions
 Softsusy-4.0 will include a decay calculator -> OUT SOON!

 This will calculate the decays:

-> SUSY 1->2 at tree-level
-> SUSY relevant 1->3 at tree-level
-> Higgs 1->2 at tree-level
-> Higgs -> VV* -> Vffbar (1->3)
-> Higgs -> γγ, Zγ, gg (1-loop)
-> Decays to gravitinos
-> NMSSM 1->2 at tree-level Susy sector (extended neutralinos)
-> NMSSM 1->2 extended higgs sector (tree and 1-loop for h -> 
γγ, Zγ, gg)

 Main benefits: 1) NMSSM included – very rare
2) Ease and Usability – all-in-one
3) Consistency throughout
4) Comparison with other codes -> theoretical error
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QCD 
Corrections 
included 
here
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Aside on CMSSM and pMSSM

CMSSM assumes at the GUT scale that:

- all the scalar particles have the same mass m0

- all the gauginos have the same mass m1/2

- all the trilinear couplings are the same A0

- other free free parameter is tanβ = v2/v1

- sign(μ) (higgsino mass term) not fixed

PMSSM reduces no. of free parameters to 19 by assuming:

- no new source of CP-violation

- no Flavour Changing Neutral Currents

- first and second generation universality

The large parameter space of pMSSM makes searches challenging.

23
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Motivations for Supersymmetry

● Technical Hierarchy Problem – corrections to higgs masses

● Gauge Coupling Unification

● Dark Matter – χ1
0 LSP

● GUTs and Susy String Theories

[Figure: D.I. Kazakov, hep-ph/0012288 p 12 .]
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Searches for Supersymmetry
● Susy predicts whole swathe of new particles –

on top of the usual 17 SM particles we get 
another 32 particles.

● Breaking mechanism unknown - add in soft 
terms by hand to break susy.

● “120 new parameters” - search large 
parameter space

● 5 parameters (m0, m1/2, A0, tanbeta, 
sign(mu)) in mSUGRA

● 4 parameters in AMSB (m0, m3/2, tanbeta, 
sign(mu))

● 6 parameters for GMSB (Λ, M, n5, tanbeta, 
sign(mu), Cgrav).

● Our lack of knowledge  => don't know masses 
or couplings => searches for susy particles over 
wide mass ranges and large parameter 
spaces.
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Constraint Plots
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ICHEP 2016

ATLAS SUSY Summary Plot

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SU
SY/index.html#ATLAS_SUSY_Stop_tLSP
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Allanach, Kraml, Porod “Comparison of SUSY mass spectrum calculations”, arXiv:hep-ph/0207314

Durham YTF 9 Conference – 12/01/2017 Thomas Cridge



28

How it works 2 – What happens 
next?
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How it works 3 – Decay calculator 
Specifics
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Assumptions made

● R-parity conservation (RPC)

● No additional CPV relative to SM

● No additional flavour violation relative to SM

● Only sfermion mixing in 3rd generation.

0 0 0
0 0 0
0 0 𝑓𝑡

𝜃𝑢 = 𝜃𝑑 = 𝜃𝑐 = 𝜃𝑠 = 𝜃𝑒 = 𝜃𝜇 = 0

𝜃𝑡 , 𝜃𝑏, 𝜃𝜏 ≠ 0
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MSSM Susy decays 2 
(continued) – χ4

0

BR

Spectrum Plot generated with slhaplot of pyslha-3.2.0: 
Buckley arXiv:1305.4194 
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MSSM Susy decays 1 – stop1

● Validation plots 

e.g. stop1

● Softsusy decays –

solid lines

• Susyhit decays –

dashed lines

• Dashed lines on top 

of solid lines -> 

excellent agreement!
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Higgs decays 3 - H

Spectrum Plot generated with slhaplot of pyslha-3.2.0: 
Buckley arXiv:1305.4194 

(GeV)

Durham YTF 9 Conference – 12/01/2017 Thomas Cridge



34

Higgs decays 4 – h, H -> γγ

● Contributions to h → gamma gamma in MSSM at mh =125GeV and for 

heavier higgs at mH = 706.4GeV.
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Imaginary parts of loop integrals:

If h -> 2*loop particle can 
occur get imaginary part 

of loop integral!
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Gravitino decays - theory
• Susy -> local symmetry to incorporate gravity -> spin 2 graviton.

-> spin 3/2 susy partner: gravitino.
• Spontaneous susy breaking (SSB) -> massless goldstone fermion of spin 

1/2 : goldstino.

• In EWSB, massless gravitino “eats” massless goldstino -> becomes 

gravitino’s longitudinal dof -> gravitino becomes massive.

• In SSB scenarios, particularly GMSB the gravitino can be LSP.

• Decays to gravitinos are usually gravitational strength –> essentially 

decoupled.

• Goldstino dofs couple much more strongly -> gravitino inherits stronger 

coupled longitudinal components.

• Decays NLSP -> LSP gravitino + SM to be observable at colliders 

g G

YUM 
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Gravitino decays - plot
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NMSSM Key parameters

λ - coupling of singlino to higgsinos, neutralino mixing, higgs masses

κ   - contributes to higgs masses

𝑨𝝀 - soft susy breaking parameter, trilinear couplings

𝑨𝜿 - soft susy breaking parameter, trilinear couplings

tan β=〈Hu〉/〈Hd〉 - ratio of vevs of higgses, neutralino mixing via higgsinos

𝝁𝒆𝒇𝒇 = 𝝀 𝑺 - higgsino masses, neutralino mixing

N.B. As  𝑆 is gauge singlet it only couples to non-higgs particles via mixing with other neutralinos.

Crucially – NMSSM decays not included in most alternative programs –
only NMSSMTools or SARAH + SPheno together.
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NMSSM Scan Decays
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Higgs decays 3 – A decays validation

● Pseudoscalar higgs validation plots
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Higgs decays 3 – A decays validation 2

● Pseudoscalar higgs validation plots
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Higgs decays 3 – A decays validation 3

● Pseudoscalar higgs validation plots
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NMSSM - 𝜒0 singlino components 
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N.B. As  𝑆 is gauge singlet it only couples to non-higgs particles via mixing with other neutralinos.
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NMSSM Scan Decays
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N.B. As  𝑆 is gauge singlet it only couples to non-higgs particles via mixing with other neutralinos.


