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• Relevance of EW corrections at LHC run II:
• Energy reach extends deeper into TeV range

• Integrated luminosity will reach some 100 fb-1

• Planned many high-precision measurements
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• Possible further enhancement in EW corrections:

• Electromagnetic logarithms, e.g. initial-state radiation at LEP

• EW Sudakov corrections at high energy
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• EWK automation collaborations:

MadGraph5_aMC@NLO, Openloops, Recola, GoSam, ...
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FeynRules • First official (non-beta) version was 
released in 16 Dec 2013. 

• A first public code that provides 
NLO-QCD in SM and its interface 
to the shower automatically. 

J. Alwall, R. Frederix, S. Frixione, V. Hirschi, F. Maltoni, O. Mattelaer, HSS, T. Stelzer, P. Torrielli, M. Zaro (2014)
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FeynRules • First official (non-beta) version was 
released in 16 Dec 2013. 

• A first public code that provides 
NLO-QCD in SM and its interface 
to the shower automatically. 

J. Alwall, R. Frederix, S. Frixione, V. Hirschi, F. Maltoni, O. Mattelaer, HSS, T. Stelzer, P. Torrielli, M. Zaro (2014)

./bin/mg5_aMC
MG5_aMC > define Wpm = W+ W-
MG5_aMC > generate p p > t t~ Wpm [QCD]
MG5_aMC > output ttw
MG5_aMC > launch
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• Strong coupling dominants, but still numerically one has:
↵ ⇠ 0.01 = 0.12 ⇠ ↵2
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• Necessary for the the precision test and especially in the EW 
Sudakov region.
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• Complicated CT vertices (UV+R2),e.g. top mass renorm:
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NLO QCD is     correction to LO QCD ↵s
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STATUS: NLO EW
• Loop computation: MadLoop V. Hirschi et al. (2011);J. Alwall et al. (2014)

•OPP: CutTools G. Ossola et al. (2006,2007) 
• or TIR: 
• Golem95 T. Binoth et al. (2008), PJFry++ V. Yundin (2012), IREGI HSS unpublished

• Renormalization in             or       scheme.
•Well advanced validation for complex-mass scheme.
• IR subtraction and integ : MadFKS R. Frederix et al. (2011);J. Alwall et al. (2014)

•QCD+EW splittings
• Keep track of mixed order combinations 
•More tricks in NLO QCD are generalized to QCD+EW 
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↵(MZ) Gµ
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↵(MZ) Gµ

Work in progress: 
matching to QCD+QED parton shower
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WARMUP:
TOP QUARK PAIR
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courtesy of M. Zaro
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A FIRST APPLICATION:
TOP QUARK PAIR+H/Z/W

• Setup:
•Masses

10

S. Frixione, V. Hirschi, D. Pagani, HSS, M. Zaro (2014,2015)

• Coupling:

• Scales:

• PDF:  NNPDF2.3QED
• Boosted regime:
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S. Frixione, V. Hirschi, D. Pagani, HSS, M. Zaro (2014,2015)

• EW correction is moderate in 
inclusive cross sections. 

• It can be important in the boosted 
regime (values in parentheses)

• Photon-induced contribution is 
important, especially in boosted 
regime.

• HBR contribution is small. It is only 
partly cancel NLO EW.
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• EW correction is moderate in 
inclusive cross sections. 

• It can be important in the boosted 
regime (values in parentheses)

• Photon-induced contribution is 
important, especially in boosted 
regime.

• HBR contribution is small. It is only 
partly cancel NLO EW.
• ttZ is similar to ttH.

Saturday, January 23, 16



RPP 2016, LAPTh, Annecy Hua-Sheng Shao

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logo

A FIRST APPLICATION:
TOP QUARK PAIR+H/Z/W

12

S. Frixione, V. Hirschi, D. Pagani, HSS, M. Zaro (2014,2015)

Saturday, January 23, 16



RPP 2016, LAPTh, Annecy Hua-Sheng Shao

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logo

A FIRST APPLICATION:
TOP QUARK PAIR+H/Z/W

• EW correction is bigger in ttW.

• HBR is enhanced by initial parton 
luminosity: e.g. ttWW has gluon-
gluon initial states.

•No LO EW because of color 
flow.
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SUMMARY & OUTLOOK
•NLO EW predictions are well motivated and they become 

important at LHC Run II and future colliders.

•Much progress in automation of EW corrections has been 
achieved in MadGraph5_aMC@NLO. A first phenomenology 
application was out. 

• Comparisons with other tools are ongoing, which were 
established in Les Houches Monte-Carlo workshop 2015. It 
will also be used in LHCHXSWG YR4 and FCC-hh physics 
report.

• The code will be public in the near future.

15

Thank you for your attention !
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