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Jet Veto in Higgs searches
Measurements of Higgs-boson (                         ) couplings at the LHC

Precise predictions are needed 
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Jet Veto in Higgs searches
The                              channel has good sensitivity in the low mass range

Events are classified according to jet multiplicity to reduce background from 
coloured particles (e.g. top quark)

In the 0-jet bin ttbar background is massively suppressed

Separation between jet bins must be robust

3

jetsN
0 2 4 6 8 10

Ev
en

ts

0

1000

2000

3000

4000

5000

6000
 Data  stat)! BG (sys 
 WW " WZ/ZZ/W

t t  Single Top
 Z+jets  W+jets
  H [125 GeV]

ATLAS Preliminary
-1 Ldt = 5.8 fb# = 8 TeV, s

$e$µ/$µ$e%
(*)WW%H



Fixed order prediction
Imposing a jet veto              restricts ISR

Imbalance between real and virtual corrections leads to large logarithms

Fixed order PT series is poorly convergent when                         

Theory uncertainty estimate not reliable (large cancellation against the K-factor)

Must resum logarithmic terms to all orders to have meaningful results
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Resummed prediction
Imposing a jet veto              restricts ISR

Imbalance between real and virtual corrections leads to large logarithms

Resummation: re-organisation of the PT series when                   (                        )
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Resummed prediction
Imposing a jet veto              restricts ISR

Imbalance between real and virtual corrections leads to large logarithms

Resummation: re-organisation of the PT series when                   (                        )

In the exponent             LL =                  ;  NLL =             ;  NNLL =      

In                         we control terms up to:                                                             
dscscds                                                                                                                      
dscscds     LL =                ;  NLL =                    ; NNLL = 
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Resummation to NNLL accuracy
            belongs to a class of observables (rIRC safe and continuously global) for 
which the resummation takes the form

8
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Alternative approach to resummation (SCET)
An all-order factorisation formula obtained in Soft-Collinear-Effective-
Theory (SCET)

In the context of SCET, factorisation can be mined by mixing-effects          
(                ) between the soft and collinear sectors

breakdown of factorisation formula

Our approach relies on properties of QCD soft and collinear radiation and       
does not need a separation between the two kinematical regions.           
The “mixing terms” are contained in the NNLL R-dependent 
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Check against MCFM
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Uncertainty estimate
                    affected by huge cancellation between large K-factor and large 
Sudakov logarithms

Naive scale variation underestimates theory uncertainty.                    
Possible alternatives to assess the error

use resummed prediction with “full” scale uncertainty

combination of inclusive jet bin uncertainties 

jet veto efficiency                   :
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Uncertainty estimate
Define three schemes for fixed-order efficiency

The three schemes differ by NNNLO terms, beyond current perturbative 
accuracy

Can define three corresponding matching schemes at NNLL+NNLO 
(differing by subleading terms)
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Comparison to fixed-order

Effects of NNLL resummation on central values sizeable below

Important uncertainty reduction (up to              in the range                         )

∼ 20 GeV

∼ 50% 25 − 30 GeV
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Comparison to MC / R-dependence

Good agreement with reweighted prediction. Smaller uncertainty for MC 
(harder to estimate)

As R increases, more radiation gets clustered together         lower efficiency                        
R=1 minimises NNLL corrections                                  lower uncertainty 
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Uncertainties on the 0-jet cross section

Using jet-veto efficiencies to estimate the uncertainty @ NNLO

µR µF      and       variations   (green)

δΣ(J) = 4.5%
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Uncertainties on the 0-jet cross section

Using jet-veto efficiencies to estimate the uncertainty @ NNLL+NNLO
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Summary
NNLL+NNLO theory prediction is available for Higgs and Z-boson 
production

first NNLL resummation involving a clustering jet algorithm

Code for resummation and matching to NNLO available at:                                                 
http://jetvheto.hepforge.org/

Central values in agreement with other tools.                                     
Uncertainties of the order of          in the region

Large NNLL+NNLO errors could be sign of potentially large NNLO 
corrections in H+1 jet production. Further investigation required     

Formalism can be applied to all “color-singlet” processes (e.g. WW, WH,...)   

11% 25GeV ≤ pt,veto ≤ 30GeV

http://jetvheto.hepforge.org/
http://jetvheto.hepforge.org/
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Stewart-Tackmann:                                    , with        and              
uncorrelated, gives the covariance matrix  

Jet-veto efficiency:                        , with        and    uncorrelated, gives

Consistency with the Stewart-Tackmann procedure in the region where 
the fixed-order is reliable (         )             

σ0−jet = σtot − σ≥1−jet σtot σ≥1−jet

σ0−jet = σtot ε σtot ε

ε ! 1

CovST[σ0−jet,σ≥1−jet] =

(
∆2σtot +∆2σ≥1−jet −∆2σ≥1−jet

−∆2σ≥1−jet ∆2σ≥1−jet

)

CovBMSZ[σ0−jet,σ≥1−jet] =

(
ε2∆2σtot + σ2

tot∆
2ε ε(1− ε)∆2σtot − σ2

tot∆
2ε

ε(1− ε)∆2σtot − σ2
tot∆

2ε (1− ε)2∆2σtot + σ2
tot∆

2ε

)

CovBMSZ = CovST + (1− ε)∆2σtot

(
2ε 1
1 0

)

Covariance matrix


