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LHC SUSY cross section working group 
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections


The space of SUSY theories…

by Tom Rizzo



The minimal supersymmetric model 



The minimal supersymmetric model 



The minimal supersymmetric model 

Squark and gluino production 
• large cross sections  
• largely model-independent 
• large higher-order QCD effects



Supersymmetric QCD 



Supersymmetric QCD 



We assume R-parity conservation  

→ etc. 

→ sparticles are produced in pairs;   
the LSP is stable 

Supersymmetric QCD 



Squarks mix to form mass eigenstates 

→ the mixing is proportional to the quark mass  

→ mixing is relevant for the 3rd generation   

Supersymmetric QCD 



Squark and gluino production 

squark-antisquark squark-squark

gluino pairs squark-gluino



e.g. gluino pair production

where 

The cross sections only depend on the SUSY masses 

�g̃ =
q
1� 4m2

g̃/s ! 0 at threshold 

Kane, Leveille; Harrison, Llewellyn Smith, Reya, Roy; Dawson, Eichten, Quigg; Baer, Tata (’82-’85)   

Squark and gluino production 



Borschensky, MK, Kulesza, Mangano, Padhi, Plehn, Portell (1407.5066 [hep-ph] )  
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Squark and gluino production: NLO+NLL 
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Squark and gluino production: NLO+NLL 

based on Prospino and NLL-fast 



LO
NLO
NLO + NLL

σ ( pp → q̃g̃ + X ) [pb]
√
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Beenakker, Brensing, MK, Kulesza, Laenen, Motyka, Niessen (’09-’11)   

renormalization and factorization scale dependence 

Squark and gluino production: NLO+NLL 
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NLO + NLL

σ ( pp → q̃g̃ + X ) [pb]
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cf. Langenfeld, Moch, Pfoh; Beneke, Falgari, Schwinn, Wever; Kauth, Kress, Kühn; Broggio et al. 

Squark and gluino production: NLO+NLL 

renormalization and factorization scale dependence 



Beenakker, Borschensky, MK, Kulesza, Laenen, Marzani, Rojo (1510.00375 [hep-ph]) 
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NLO-QCD corrections for generic MSSM spectra

→ Effect of O(10%) on σ x BR for generic MSSM 
benchmark scenarios  

Hollik, Lindert, Pagani; Goncalves-Netto, Lopez-Val, Mawatari, Plehn, Wigmore; Gavin, Hangst, 
MK, Mühlleitner, Pellen, Popenda, Spira 

Beyond Prospino/NNL-fast 



NLO-QCD corrections for generic MSSM spectra

→ Effect of O(10%) on σ x BR for generic MSSM 
benchmark scenarios  

Hollik, Lindert, Pagani; Goncalves-Netto, Lopez-Val, Mawatari, Plehn, Wigmore, Gavin, Hangst, 
MK, Mühlleitner, Pellen, Popenda, Spira 

EWK corrections (EWK loops, EWK x QCD, γ-induced processes)

see e.g. Hollik, Lindert, Mirabella, Pagani (1506.01052 [hep-ph]) and references therein

Beyond Prospino/NNL-fast 

→ model dependent
→ O(few %) for inclusive cross sections
→ more significant for specific processes and large Q2
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Gavin, Hangst, MK, Mühlleitner, Pellen, Popenda, Spira;  
cf. Hollik, Lindert, Pagani; Boughezal, Schulze 

NLO differential distributions with parton showers

Squark and gluino production and decay



Degrande, Fuks, Hirschi, Proudhom, Shao (1510.00391[hep-ph])

NLO differential distributions with parton showers

Squark and gluino production and decay

) [GeV] 
1

(j
T

p
0 200 400 600 800 1000 1200 1400 1600

 [p
b 

pe
r 

bi
n]

σd

-510

-410

-310

-210

LO+Pythia 8
NLO+Pythia 8
fLO
fNLO

 = 13 TeVs

M
ad

G
ra

ph
5_

aM
C

@
N

LO

) = (2000, 50) GeV
χ

, m
g~

(m

) = (1000, 50) GeV
χ

, m
g~

(m



Squark and gluino production: tools

Prospino, NLL-fast, MadGolem, sPOWHEG, 
MadGraph5_aMC@NLO, …



Prospino: http://www.thphys.uni-heidelberg.de/~plehn/index.php?show=prospino&visible=tools

Our 20 year old warhorse, a 
bit worn down but still useful 

Beenakker, Höpker, Klasen, MK, 
Plehn, Spira, Zerwas (’94-’??)   

Squark and gluino production: tools

Prospino, NLL-fast, MadGolem, sPOWHEG, 
MadGraph5_aMC@NLO, …

http://www.thphys.uni-heidelberg.de/~plehn/index.php?show=prospino&visible=tools


NLL-fast: http://pauli.uni-muenster.de/~akule_01/nllwiki/index.php/NLL-fast

The current standard tool 
for inclusive NLO+NLL 

cross section calculations
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Beenakker, Borschensky, MK, 
Kulesza, Laenen, Motyka, Niessen, 

Thewes (’09-’14)   

Squark and gluino production: tools

Prospino, NLL-fast, MadGolem, sPOWHEG, 
MadGraph5_aMC@NLO, …

http://pauli.uni-muenster.de/~akule_01/nllwiki/index.php/NLL-fast


NLL-fast: http://pauli.uni-muenster.de/~akule_01/nllwiki/index.php/NLL-fast

NNLL-fast is on its way

Beenakker, Borschensky, MK, 
Kulesza, Laenen Theeuwes, Thewes, 

in preparation

Squark and gluino production: tools

Prospino, NLL-fast, MadGolem, sPOWHEG, 
MadGraph5_aMC@NLO, …
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MadGolem: code available from authors

NLO squark and gluino 
production for generic 

MSSM spectra

Goncalves-Netto, Lopez-Val, 
Mawatari, Plehn, Wigmore (’13) 

Squark and gluino production: tools

Prospino, NLL-fast, MadGolem, sPOWHEG, 
MadGraph5_aMC@NLO, …



sPOWHEG: http://powhegbox.mib.infn.it

NLO squark production 
and decay matched to  

parton showers 
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POWHEG team + Gavin, Hangst, 
MK, Mühlleitner, Pellen, Popenda, 

Spira (’14)   

Squark and gluino production: tools

Prospino, NLL-fast, MadGolem, sPOWHEG, 
MadGraph5_aMC@NLO, …

http://powhegbox.mib.infn.it


MadGraph5_aMC@NLO: https://launchpad.net/mg5amcnlo 

NLO squark & gluino 
production and decay 

matched to  parton 
showers 

Squark and gluino production: tools

Degrande, Fuks, Goncalves Netto, 
Hirschi, Lopez-Val, Mawatari, 

Pagani, Proudom, Shao, Zaro, in 
preparation

Prospino, NLL-fast, MadGolem, sPOWHEG, 
MadGraph5_aMC@NLO, …
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The LHC SUSY cross section working group

• provide an update of the SUSY cross section 
recommendation at NNLL, and including recent pdfs;

• quantify the difference between Mellin space ↔ SCET 
resummation;

• collect benchmark results for EWK corrections; 

• provide links to NLO SUSY tools, together with 
benchmark results for validation. 

will



Squark and gluino production 
A lot of effort (> 20 years) went into calculating 
higher-order QCD corrections for squark and 

gluino production

The theoretical uncertainty for inclusive cross 
sections is ⪅ 15%,  

and is now dominated by the pdf error 

In the future, we need to work towards automated 
NLO calculations for more generic models, 

including NLL resummation 



Thank you!
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Squark and gluino production 

Higher-order corrections introduce large logarithms 

These logarithms can be summed to all orders 

Why do we bother to go beyond NLO?



Squark and gluino production 
Threshold resummation
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Kidonakis, Sterman; Bonciani, Catani, Mangano, Nason; Kidonakis, Odera, Sterman; 
Catani, Mangano, Nason, Trentadue (’97-’03)



Squark and gluino production 

LHC recommendation: MK, Kulesza, van der Leeuw, Mangano, Padhi, Plehn, Portell (12)   

NLL threshold resummation



Squark and gluino production 
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Squark and gluino production 

So far, to calculate the SUSY-QCD corrections we have 
assumed that 

qi q̄j ! q̃ c1
k q̃⇤ c2

l and g g ! q̃ c
i q̃⇤ c

i .

uL/R, dL/R, sL/R, cL/R, bL/R are mass degenerate 

and we have summed over a swath of subprocesses 

How good an approximation is that? 



Squark and gluino production 

Let us look at a random cMSSM scenario with

Taking the average squark mass as an input and summing over 
all subprocesses for squark-antisquark production one gets  

m0/m1/2/A0 = 825/550/0 GeV, tan(�) = 10 and sgn(µ) = +1

corresponding to masses 

K = 1.39



Squark and gluino production 
Looking at the individual channels, we find 

Process �LO[fb] �NLO[fb] K-factor
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Gavin, Hangst, MK, Mühlleitner, Pellen, Popenda, Spira (’14)



Squark and gluino production 
Looking at the cross section x decay we find  

X

channels

�NLO · BRLO (q̃ ! �̃0q) · BRLO (q̃⇤ ! �̃0q̄) = 0.139 fb.

compared to the approximate (Prospino) calculation 
X

channels

�LO ·Kavg · BRLO (q̃ ! �̃0q) · BRLO (q̃⇤ ! �̃0q̄) = 0.126 fb.

Gavin, Hangst, MK, Mühlleitner, Pellen, Popenda, Spira (’14)



ATLAS analysis

Gavin, Hangst, MK, Mühlleitner, Pellen, Popenda, Spira (’14)

Squark & gluino production and decay 
NLO differential distributions with parton showers

ATLAS-CONF-2013-047


