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Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsColored SUSY parti
les � hadron 
olliders
Squarks and gluinos are stronglyintera
ting parti
lesProdu
tion rate depends on mass,
olor-representation and multipli
ity.
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Squarks, gluinos and top squarks have high produ
tion rate athadron 
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Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsOverview: Produ
tion pro
esses � LO~g~g~q~g~qi~q�i~ti~t�i ~q6=~t+~qi~qj[Kane & Leveille `82, Harrison & Llewellyn Smith `83,Reya & Roy `85Dawson, Ei
hten, Quigg `85, Baer & Tata `85℄ 4 / 13



Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsStatus of higher order 
orre
tionsO(�3s ) : NLO QCD 
orre
tions for all produ
tion pro
esses known[Beenakker, H�opker, Spira, Zerwas `95&`97℄,[Beenakker, Kr�amer, Plehn, Spira, Zerwas `98℄! PROSPINOBeyond NLO QCD:Approximate NNLO 
orre
tions (~q~q�)NLL resummation~g~g, ~q~g, ~q~q�, ~q~q [Langenfeld, Mo
h `09℄,[Kulesza, Motyka `08`09℄,[Beneke, Falgari, S
hwinn `07`09℄,[Beenakker, Brensing, Kr�amer,Kulesza, Laenen, Niessen `09℄LO EW 
ontributions, LO one-loop [Bornhauser, Drees,Dreiner, Kim `07 `09℄,[Bozzi, Fuks, Klasen℄,[Arhib, Benbrik, Cheung, Yuan℄(Tree-level, loop indu
ed, Higgs enhan
ed)O(�s�+ �2 + �2s�2 + �4s )O(�2s�) : NLO EW 
orre
tions~g~g, ~q~g, ~q~q�, ~t~t�, ~q~q [Hollik, Kollar, Trenkel `07℄,[Be

aria et. al. `08℄,[Hollik, Mirabella `08℄,[Hollik, Mirabella, Trenkel `08℄,[Mirabella `09℄[JG, Hollik, Mirabella, Trenkel(in preparation)℄ 5 / 13



Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsSquark & gluino produ
tion: EW produ
tion at Born levelO ��2�: pure EW tree-level 
ontributions (~t~t�, ~q~q(�) prod.), e.g.���� 
;Z 0 + ~�0 ����2O (�s�): EW-QCD tree-level interferen
es (~q~q(�) prod.), e.g.
;Z 0 � ~g ; ~�0 � gO (�s�): photon indu
ed pro
esses (~t~t�, ~q~q�, ~g~q prod.), e.g.� ; ���� ����2 6 / 13



Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsNLO EW: Contributions of O ��2s��EW & QCD-like 
orre
tions have to be taken into a

ount:QCD Born � 1-loop amplitude O (�s�), e.g.g �� ~gEW + ~�0QCD + QCD + : : : �EW Born � 1-loop amplitude O ��2s�, e.g.
;Z 0 � QCD only box diagrams lead tonon-vanishing interferen
es~�0 � ~gQCD full QCD 1-loop amplitudeReal photon, gluon and quark radiation. 7 / 13



Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsSingularities & divergen
esUV divergen
es: Renormalization required.CTs have to be evaluated at O (�) and O (�s), respe
tively.quarks, squarks, gluino ! renormalized on-shellSubtlety: Only three independent squark parameters for ea
hgeneration. Treat LH down-type squark as dependent quantity.�s ! MS with �ve 
avors (same de�nition as in pdf)Caution with ĝs: needs symmetry restoring 
ounterterm.IR singularities:Can
el after 
ombining virtual and real 
orre
tions.[Methods: mass regularization & phase spa
e sli
ing;gluoni
 
orre
tions: 
olor 
orrelations in EW-QCD interferen
es.℄Collinear singularities:Real photon and gluon bremsstrahlung.Fa
torization and rede�nition of the PDFs at O (�s ) and O (�). 8 / 13



Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsFramework & Input parameters
Feynman diagrams and amplitudes were generated and 
al
ulatedwithin the FeynArts/FormCal
/Looptools framework. [Hahn℄Input: SPS1a0 parameter set.GUT-s
ale parameters evolved to 1TeV (softSUSY) [Allana
h℄Compute OS parameters.m(~uL) = 560GeV m(~dL) = 566GeV m(~g) = 609GeVm(~uR) = 543GeV m(~dR) = 539GeVRenormalization s
ale for �s : O(mass of external parti
les)PDF set: MRST2004QED [Martin, Roberts, Stirling, Thorne℄
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Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsTotal hadroni
 X-se
tionBorn and EW 
ontributions to the total 
ross se
tion:�nal state �LO ��NLO ��
g=
q ��EW ;LO ÆO(�2s ) O(�2s�) O(�s�) O(�2+�s�)~g ~g 6187 fb �4 fb � � 0.07%~g~q 20827 fb �238 fb 10 fb � �1.1 %~t~t� 2856 fb �54 fb 42 fb 2 fb �0.4 %~q~q� 2251 fb �12 fb 24 fb �37 fb �1.1%~q~q 5444 fb �147 fb � 413 fb 4.9 %Æ = (��NLO +��
g=
q +��EW ;LO)=�LO 10 / 13



Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsTotal hadroni
 X-se
tion, LL onlyBorn and EW 
ontributions to the total 
ross se
tion:�nal state �LO ��NLO ��
g=
q ��EW ;LO ÆO(�2s ) O(�2s�) O(�s�) O(�2+�s�)~g ~g 6187 fb �4 fb � � 0.07%~g ~qL 10010 fb �248 fb 5 fb � � 2.4 %~t2~t�2 186 fb �31.6 fb 3.8 fb 0.3 fb �14.8%~qL ~q�L 1016 fb �4 fb 11 fb �80 fb �7.1%~qL ~qL 1718 fb �75 fb � 379 fb 17.6%Æ = (��NLO +��
g=
q +��EW ;LO)=�LO 11 / 13



Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusions~q~q produ
tion: m(~q) and m(~g) dependen
e
m~g = 1000 GeVm~g = 900 GeVm~g = 800 GeVm~g = 700 GeVm~g = 600 GeVm~g = 500 GeVm~g = 400 GeV

in
l. m~q[GeV℄
K

1000900800700600500400300

1.251.21.151.11.0510.95 LL m~q[GeV℄
K

1000900800700600500400300

1.51.41.31.21.11

RR m~q[GeV℄
K

1000900800700600500400300

1.041.031.021.011 LR m~q[GeV℄
K

1000900800700600500400300

10.990.980.970.960.95K = �NLO=�LO [All other parameters are set to their SPS1a0 values.℄ 12 / 13



Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsSummary & Con
lusionsSquarks and gluinos will be produ
ed at a very high rate �LHC.Presented:EW 
ontributions up to O(�2s�) to 
olored parti
le produ
tion.Size of EW NLO 
orre
tions depends on squark 
hirality:! Only a few per
ent in the in
lusive 
ase.! Can be > 10% in the 
ase of left-handed parti
le produ
tion.EW 
orre
tions for ~q~q more important for light squarks andheavy gluinos.
13 / 13



Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsSummary & Con
lusionsSquarks and gluinos will be produ
ed at a very high rate �LHC.Presented:EW 
ontributions up to O(�2s�) to 
olored parti
le produ
tion.Size of EW NLO 
orre
tions depends on squark 
hirality:! Only a few per
ent in the in
lusive 
ase.! Can be > 10% in the 
ase of left-handed parti
le produ
tion.EW 
orre
tions for ~q~q more important for light squarks andheavy gluinos.Thank you for your attention !!! 13 / 13
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tion Squark and gluino prod. � NLO EW Results Con
lusions
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kup Slides
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Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsS
ale dependen
eS
ale dependen
e of EW tree-level and EW NLO 
ross se
tion:(Consider only pro
esses with non vanishing tree-level interferen
e.)
��EW��tree EWPP! f~qL~qL; ~qR~qR; ~uL ~dL; ~
L~sLg

�=(560GeV)
�[fb℄

210.90.80.70.60.5
420400380360340320300Renormalization s
ale (�ren) is set equal to fa
torization s
ale (�fa
).S
ale dependen
e redu
es when NLO EW 
orre
tions are taken intoa

ount. 15 / 13



Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsExperimental Sear
hes for Squarks and GluinosSquark & gluino mass limitsCDF, Tevatron Run IIm~g � 280GeVm~q � 370GeV [CDF Note 9229℄Stop mass limitsCDF, Tevatron Run IIm~t � 132GeV for m~�0 = 132GeV[0707.2567 hep-ex℄Until now: agreement betweenexperiment and SM predi
tions. )
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Further analysis needs improved theoreti
al predi
tions. 16 / 13



Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsMinv distributionEle
troweak 
ontributions O(�2s�): di�erent 
hannels
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Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsMinv distributionEle
troweak 
ontributions O(�2s�): di�erent 
hannels
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Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsMinv distributionEle
troweak 
ontributions O(�2s�): di�erent 
hannels
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ess: PP! ~qL~q0RNLO EW 
ontribution�tree-level EW 
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Introdu
tion Squark and gluino prod. � NLO EW Results Con
lusionsMinv distributionEle
troweak 
ontributions O(�2s�): di�erent 
hannels
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