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Why top+V/H?
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• t(t)V: Direct probe of top couplings to the EW gauge bosons 
• t(t)H: Probe of top Yukawa coupling 
• tops+V(s): Important as a signal as well as a background for 

BSM scenarios with high multiplicity signatures 
• ttV(V): main background for ttH searches 
• High threshold processes: important for LHC13 
• Experimental results are being collected: see following 

ATLAS and CMS talks  
• Precision needed:  

• EW+QCD corrections 
• New physics?
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Outline
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• Overview of tops+V/H in the SM 
• higher order predictions 

• Tops+V/H in the SMEFT 
• probe top couplings using precise predictions
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Status of precision studies
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tH 
QCD: NLO+PS 

MG5_aMC@NLO:
Demartin et al. arXiv:1504.00611

tZ 
QCD: NLO+PS 

MG5_aMC@NLO:arXiv:1405.0301
MCFM: arXiv:1302.3856

tWH 
QCD: NLO+PS 

MG5_aMC@NLO:
Demartin et al arXiv:1607.05862

ttH 
QCD: NLO+PS 

aMC@NLO: arXiv:1104.5613
PowHel: arXiv:1108.0387
Powheg Box: arXiv:1501.04498
Soft gluon resummation-

beyond NLO:  
Kulesza et al. arXiv:1509.02780
Broggio et al. arXiv:1510.01914 

Off-shell: 
Denner et al. arXiv:1506.07448

NLO EW:  
Frixione et al. arXiv:1407.0823 & 
arXiv:1504.03446
Zhang et al. arXiv:1407.1110

ttZ/W 
QCD: NLO+PS 

aMC@NLO: arXiv:1103.0621
PowHel: arXiv:1111.1444,
1208.2665
Soft gluon resummation 
for ttW: 
Broggio et al. arXiv:1607.05303 

NLO EW: 
Frixione et al. arXiv:1504.03446

ttZZ, ttWW, ttWZ 
ttZγ, ttWγ 

QCD: NLO+PS 
MG5_aMC@NLO: 
Maltoni et al. arXiv:1507.05640

ttγ 
QCD: NLO+PS 

aMC@NLO: arXiv:1103.0621
PowHel: arXiv:1406.2324

ttγγ 
NLO+PS 

PowHel: Kardos et al. arXiv:
1408.0278
aMC@NLO: Maltoni et al. arXiv:
1507.05640
van Deurzen et al. arXiv:
1509.02077
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Precision for tops+V(V)/H
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QCD corrections
Mature field: NLO QCD available for all processes 
NLO+PS using automated tools such as: 
MG5_aMC, PowHel, Powheg Box 
Detailed phenomenological investigation ttV/ttVV:  
Maltoni, Pagani, Tsinikos arXiv:1507.05640 

EW corrections: Recent progress 
• ttV/H   

• Frixione et al arXiv:1407.0823, arXiv:1504.03446  
• Zhang et al arXiv:1407.1110 

Towards the automation of EW corrections
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Features of NLO QCD corrections(1) 
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Maltoni, Pagani, Tsinikos arXiv:1507.05640
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Features of NLO QCD corrections(1) 
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Maltoni, Pagani, Tsinikos arXiv:1507.05640

Gluon-initiated 
channel at NLO
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Maltoni, Pagani, Tsinikos arXiv:1507.05640

giant k-factors
Impact of extra jet independent of jet pT cut 
Higher-order corrections (ttVj at NLO) not 
changing the results

Features of NLO QCD corrections(2) 
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• Small corrections at the total cross-
section level 

• Important and negative for high pT tails 
• Vector boson radiation only partially 

cancelling Sudakov logs 
• Similar conclusions for ttW and ttZ 

Frixione et al arXiv:1504.03446 

Features of NLO EW corrections 
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What’s next?
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SM: precision for t(t)+V(V)/H 
QCD corrections 
Progress in EW 

Needed to realistically 
describe the distributionsPrecision 

calculations 
Automated tools
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New physics in ttV/ttH?
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• BSM? 

• Operators at dim-6:                                

New particles (see talks tomorrow) 

New Interactions of SM particles 

Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653   

Grzadkowski et al arxiv:1008.4884 



E.Vryonidou

• SMEFT:   
• Gauge invariant 
• Higher-order corrections: renormalisable order 

by order in 1/Λ 

• Complete description-respecting SM symmetries 
• Model Independent

SMEFT for top quark physics
SMEFT Anomalous couplingsvs

11

✔

✔

✔
✔

dictionary
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Top-quark operators and how to look for them
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+four-fermion operators 
+FCNC (see talk by G. Durieux) 

see for example: Aguilar-Saavedra (arXiv:0811.3842)
                           Zhang and Willenbrock (arXiv:1008.3869)
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Top-quark operators and how to look for them
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+four-fermion operators 
+FCNC (see talk by G. Durieux) 

see for example: Aguilar-Saavedra (arXiv:0811.3842)
                           Zhang and Willenbrock (arXiv:1008.3869)

Operators entering various processes: Global approach needed
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Towards global fits
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EFT only makes sense if we follow a global approach 
First work towards global fits: 
TopFitter: Buckley et al arxiv:1506.08845 and 1512.03360

Tevatron and LHC data 
Cross-sections and distributions  
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Recent progress:  
• top pair production: Franzosi and Zhang (arxiv:1503.08841) 
• single top production: C. Zhang (arxiv:1601.06163) 
• ttZ/γ: O. Bylund, F. Maltoni, I. Tsinikos, EV, C. Zhang (arXiv:1601.08193) 
• ttH: F. Maltoni, EV, C. Zhang (arXiv:1607.05330)

• Need NLO in QCD to match the SM precision and 
experimental accuracy: SMEFT@NLO 
• Mixing between operators: anomalous dimension 

matrix: Alonso et al. arxiv:1312.2014 

All automated within MadGraph5_aMC@NLO 
R2+UV counterterms: NLOCT Degrande (arxiv:1406.3030)

How can we improve the fits?
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Top pair + Z/γ

15

Small contribution from OtW and OtB
at O(1/Λ2) but large at O(1/Λ4)

How should we treat O(1/Λ4) terms? 

EFT condition satisfied but O(1/Λ4) large 
To be checked on a case-by-case basis

Bylund et al arXiv:1601.08193
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Differential distributions for tt+V

Using SM k-factors is not enoughLarge contribution at O(1/Λ4) 
rising with energy  

arXiv:1601.08193
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A sensitivity study
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Chromomagnetic operator 
affecting all processes in 

the same way

arXiv:1601.08193

LHC measurements of ttV processes can 
set constraints on the Wilson coefficients 
See also:  
Schulze et al. arXiv:1404.1005,1501.05939, 
1603.08911 (using ratios of cross-sections)  
Dror et al. arXiv:1511.03674 for ttWj 
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Top-V interactions in non-top final states
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See also: 
Englert et al arXiv:1603.05304

Gluon-fusion contribution to HZ production 
affected by the operators changing gtt, ttZ 

and ttH             Additional information

No contributions from the electroweak 
dipole operators due to charge 

conjugation invariance
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Top and Higgs
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See also  
Degrande et al. arXiv:1205.1065  
Grojean et al. arXiv:1312.3317 
Azatov et al arXiv:1608.00977 

Use with 1) ttH and 2) H,H+j to break degeneracy between 
operators and extract maximal information

Maltoni, EV, Zhang: arXiv:1607.05330

ttH H, H+jneeded due to mixing: 
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ttH@NLO in the EFT
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First systematic study of uncertainties: 
• Scale and PDF uncertainties: Similar to SM 
• EFT scale uncertainties 

• Missing higher order terms in 1/Λ 
expansion: squared terms computed

Maltoni, EV, Zhang: arXiv:1607.05330

Different k-factors for the SM and dimension-6 contributions 
Different k-factors for different operators

NLO is important
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Differential distributions for ttH
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Maltoni, EV, Zhang arXiv:1607.05330

NLO: smaller uncertainties, 
non-flat K-factors

Different shapes for different 
operators for the squared terms
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Constraints from ttH and Higgs production
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Current limits using 
LHC measurements 

HL-LHC 14TeV 
projection 3000 fb-1

Combination of: 
• inclusive H 
• boosted Higgs 
gives maximal information

Azatov et al arXiv:1608.00977

• ttH 
• HH 
• off-shell Higgs

Maltoni, EV, Zhang arXiv:1607.05330
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Summary

23

• Significant progress for precise predictions for top production 
with EW bosons and Higgs in the SM: QCD and EW 
corrections 

• Higher-order corrections needed to match improving 
experimental accuracy 

• Top+V/H processes a playground for new top interactions 
• Precision needed also for EFT predictions: ttV, ttH as well as 

loop-induced processes 
• QCD corrections important both for total cross-sections and 

distributions: SM k-factors are not enough 
• Global fits results already available: important to include NLO 

predictions where available  
• Input from Higgs and loop-processes is important 



Thank you for your attention


