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InformaQon on total producQon cross secQons for squarks and gluinos  
crucial for determinaQon of mass limits in case of no discovery 

[CDF, Phys. Rev. Le?. 102, 121801 (2009)] 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Leading Order = O(αs
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A. Kulesza, Squark and gluino producAon at the LHC  Loopfest X, 12‐14.05.2011 

[Kane, Leveille'82][Harrison, Llewellyn Smith'84][Dawson, Eichten, Quigg'85] 



  NLO SUSY‐QCD correcQons → O(αs3 )   [Beenakker, Höpker, Spira, Zerwas'96] [Beenakker, 
Krämer, Plehn, Spira, Zerwas’97 

  For squark‐anQsquark and stop‐anQstop producQon: dominant NNLO  contribuQons 
(NNLL‐NNLO, Coulomb, scale dependence) → O(αs4 ) [Langenfeld, Moch'09] 
[Langenfeld’10] 

  EW correcQons → O(αs2 α2)   [Hollik, Kollar, Trenkel'07][Hollik, Mirabella'08] [Hollik,  Mirabella, 
Trenkel'08] [Beccaria et al.'08] [Mirabella'09] [Germer, Hollik, Mirabella, Trenkel’10] ] [Germer, Hollik, 
Mirabella’11] 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  QCD‐EW interference and photon‐induced  contribuQons, tree‐level EW [Bornhauser et 
al.'07][Alan, Cankocak, Demir'07] [Hollik, Kollar, Trenkel'07][Hollik, Mirabella'08] [Hollik, Mirabella, 
Trenkel'08] [Bozzi, Fuks, Klasen'05] [Germer, Hollik, Mirabella, Trenkel’10] [Germer, Hollik, Mirabella’11] 

 Tree‐level EW effects O(αs α)  and O(α2)  

Fixed‐order correcQons to O(αs2) processes 

W. Hollik’s talk 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[Beenakker, Höpker, Spira, Zerwas’97] NLO SUSY QCD K‐factors, LHC @ 7 TeV 

 plot courtesy of S. Brensing 

Large NLO K‐factors, 
in parQcular for 
gluino‐pair and 
squark‐gluino 
producQon  

SUSY‐QCD: only msquark and 
mgluino dependence 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→ LO Coulomb correcQons  (αs/β)n resummed  for         
and  
→ Bound‐state effects  and  Coulomb correcQons for 
          [Hagiwara, Yokoya’09] [Kauth, Kühn, Marquard, Steinhauser’10] 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[Kulesza, Motyka’09] 

ResummaQon of sok and Coulomb correcQons together [Beneke, Schwinn, Falgari’09], applied to 
                                                                                                                                                   at NLL 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[Beneke, Schwinn, Falgari’10] Ch. Schwinn’s talk 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SystemaQc reorganizaQon of perturbaQve series, for threshold logs performed in the 
space of Mellin moments 

σ̂(N) ∼ C(αs) exp [Lg1(αsL) + g2(αsL) + αsg3(αsL) + . . . ]

sums up                     LL:    αs
n log n+1 (N)       NLL:    αs

n log n (N)   

[Sterman’87][Catani, Trentadue’89] 

with 
σ̂(N)

ij→kl({m
2}, µ2) =

∫ 1

0
dρ̂ ρ̂N−1 σ̂ij→kl(ρ̂, {m2}, µ2)

ρ̂ =
4m2

ŝ
= 1− β2 log(1− ρ̂) = log(β2)←→ log(N) ≡ L

σ(N)
h1h2→kl({m

2}) =
∫ 1

0
dρ ρN−1 σh1h2→kl(ρ, {m2}) =

∑

i,j

f (N+1)
i/h1

(µ2)f (N+1)
j/h2

(µ2)σ̂(N)
ij ({m2}, µ2)

ρ = 4m2/S
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ī

HIJ

SJI



  All‐order factorizaQon of sok and collinear 
emission 

  ExponenQaQon from solving RGEs 

  ComplicaQon: colour structure 

  H, S are matrices in colour space 

Loopfest X, 12‐14.05.2011 A. Kulesza, Squark and gluino producAon at the LHC 

Deltai∆(N)
i

∆(N)
ī
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  Threshold limit: NLL resummed partonic cross secQon  [Kidonakis, Sterman'96‐97]
[Bonciani, Catani, Mangano, Nason'98] 

  CondiQon: choice of orthogonal basis in colour space for which ΓIJ is diagonal in the 
threshold limit, here s‐channel basis [AK, Motyka’ 09] . In general possible to construct 
such basis in which ΓIJ diagonal to all orders [Beneke, Falgari, Schwinn’09] 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σ̃(res,N)
ij→kl =

∑

I

σ̃(0,N)
ij→kl,I ∆(N)

i ∆(N)
j ∆(soft,N)

ij→kl,I

∆(soft,N)
ij→kl,I = exp

[ ∫ Q/N

µ

dq

q

αs(q)
π

D(1)
ij→kl,I

]
, D(1)

ij→kl,I = lim
β→0

π

αs
2 Re (Γ̄II)

N‐moments of LO  Sok‐collinear radiaQon from 
incoming partons, universal, 

known 

Sok, wide‐angle emission, 
process dependent 

Sok anomalous dimension matrix 



  Need 1‐loop anomalous dimension matrices in order to resum up to NLL 

  massless 2→n  QCD processes [Kidonakis, Oderda, Sterman'98] [Bonciani et al.'03][Mert Aybat, 
Dixon, Sterman'06] 

  massive case:  heavy quark pair‐producQon [Kidonakis, Sterman'96][Bonciani et al.'98] 

  (By now, anomalous dimensions known at 2 loops for massless [Mert Aybat, Dixon, 
Sterman'06] and massive case [Mitov, Sterman, Sung’09‐’10][Ferroglia, Neubert, Pecjak, Yang’09] 
[Beneke, Falgari, Schwinn’09], [Czakon, Mitov, Sterman’09] [Kidonakis’10] and higher [Becher, 
Neubert’09] [Gardi, Magnea’09] [Dixon,Gardi, Magnea’09]) 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  Need 1‐loop anomalous dimension matrices in order to resum up to NLL 

  Γij for 2→2   processes with nontrivial colour structure and massive parQcles in the 
final state ⇒ full set of D(1) coefficients for squark and gluino producQon processes 

  D(1)  correspond to values of the quadraQc Casimir operators for the SU(3) representaQons 
for the outgoing state  sok gluon  radiaQon only “feels”  the total colour charge of the 
heavy‐parQcle pair produced at threshold 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  NLL resummed expression has to be matched with the full NLO result 

  Inverse Mellin transform evaluated using a contour in the complex N space according 
to 'Minimal PrescripQon’ [Catani, Mangano, Nason Trentadue'96] 

  NLO cross secQons evaluated with publicly available code PROSPINO [Beenakker, 
Hoepker, Krämer, Plehn, Spira, Zerwas] [h?p://people.web.psi.ch/spira/prospino/]               
[h?p://www.thphys.uni‐heildelberg.de/plehn/prospino/] 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∫ CMP +i∞
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dN

2πi
ρ−N f (N+1)

i/h1
(µ2) f (N+1)

j/h2
(µ2)

×
[

σ̂(res,N)
ij→kl ({m2}, µ2) − σ̂(res,N)

ij→kl ({m2}, µ2)
∣∣∣

NLO

]

+ σNLO
h1h2→kl(ρ, {m2}, µ2) ,



  Scalar SUSY‐partners of 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and 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fermions mix: weak interacQon 
eigenstates            mix into mass eigenstates   

  The off‐diagonal terms in the mixing matrix are proporQonal to fermion mass, mf 

  Stop likely to be the lightest squark 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  Only diagonal i.e.                    
       pairs produced 
  LO cross secQon depends only on 

the stop mass 
  Note:  for sbo5om‐pair  

producQon LO        contribuQon 
negligible 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III. RESULTS FOR 7 TEV 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pp → q̃q̃ + X
pp → q̃¯̃q + X
pp → q̃g̃ + X
pp → g̃g̃ + X
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  Sok‐gluon resummaQon 
enhances the cross secQons 

  Highest correcQons for the 
gluino‐pair producQon: 20% 
correcQon to the NLO results for 
mgl= 1 TeV 

  For the squark‐gluino channel, 
NLL correcQon reaches 10% at 
msq= mgl= 1 TeV 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MSTW 2008 

[W. Beenakker, S. Brensing, M. Krämer, AK, E. Laenen, L.Motyka and I. Niessen, arXiv:1105.1110] 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ReducQon of the scale dependence for NLO+NLL predicQons, compared with NLO  

[Beenakker, Krämer, Plehn, Spira, Zerwas’97] Status: NLO SUSY‐QCD 
             NNLO dominant contribuQons [Langefeld’10] 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NLL+NLO 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  Squark‐gluino producQon    Gluino‐pair producQon 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Significant reducQon of the scale dependence for NLL+NLO compared to NLO, 
especially for gluino‐pair producQon 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error due to 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factor 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2 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4 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for  masses > 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  Squark‐gluino producQon    Gluino‐pair producQon 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Significant improvement for the full theory error due to reducing the scale variaQon!  

NLO + NLL scale var.
NLO + NLL scale var. + pdf + αs

NLO scale var. + pdf + αs

pp → q̃g̃ + X MSTW2008
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Most precise predicQons for squark and gluino producQon rates currently available 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  NLL resummed results  also available for all four processes of squark and gluino  
producQon at the Tevatron 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[Beenakker, Brensing, Krämer, A.K., Laenen, Niessen’09] 



  Reduced theory error due to scale variaQon 

  Shik of the central value and the error band 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  Signal selecQon efficiencies can change 

[Beenakker, Brensing, D’Onofrio, Krämer, A.K., Laenen, Marpnez, Niessen, in preparapon] 

  More advanced study needed to fully determine the impact on the Tevatron exclusion bounds → 
improved analysis of the CDF mass bounds 

  Cross secQons change 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  Last word on mass exclusion limits from Tevatron : for equal 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and gluino 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improvement of 5‐8% on previous values 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