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Outline

1. A general uncertainty parameterization

¥ No assumptions needed for a single channel measurement

¥ Not tied to any particular theory prediction

¥ Covariance matrix �Ä nuisance parameters used in Þts

2. Overview of our results using this uncertainty parameterization

¥ 0-jet resummed results (NNLLÕ+NNLO)

¥ 1-jet resummed results (NLLÕ+NLO + higher orders)

¥ Comparison to Þxed order
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Uncertainties, 2-by-2 case, General Parameterization
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0, ≥1 jet case [parameterization currently used for ST]

covariance matrix in terms of 
yield and migration components
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resummed 0-jet results from STWZ (1307.1808): 
all 3 uncertainties estimated using scale variations in factorization theorem
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yield and migration components 
analogous to 2-by-2 case

0, !1 jet basis
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Uncertainties, 3-by-3 case, General Parameterization
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¥ Parameterization is general and can be used with anyoneÕs 
predictions

¥ Correlations between jet bins must be provided



Uncertainties, 3-by-3 case, SpeciÞc Results

7

! 0 cut = ! FO
! 1 , ! 1 cut = ! FO

! 2

( ! ! y
1 = ! y

! 2 = 0 , ! y
0 = ! tot , ρ = 0 )

¥ This parameterization effectively already used for ST implementation

¥ Þxed order S-T assumptions:

¥ Can also be implemented for JVE

¥ JVE assumptions:                                                         uncorrelated

¥ We will see that resummed 0+1 jet results will give predictions for all 6 
parameters in the 3-by-3 case 

¥ Nuisance parameters correspond to physical uncertainty sources - 
justiÞed to use the same nuisance parameters  
across different analyses 
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0-jet Resummation
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pjet
T1

pjet
T 2

excluded since

pjet
T 2 < pjet

T 1

pcutT

pcutT

0-jet

! 1-jet

veto on leading jet p T 
divides the cross section into 
0-jet and inclusive 1-jet bins

total inclusive cross section 
lets us relate 0-jet and 

inclusive 1-jet rates



0-jet Resummation
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1-jet Resummation
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pjet
T1

pjet
T 2
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pjet
T 2 < pjet

T 1

pcutT

pcutT

0-jet
1-jet

≥2-jet

exclusive 1-jet cross section 
is a two-scale problem:

differential in leading jet p T and 
a veto on 2nd leading jet pT

direct prediction of 1-jet rate 
with resummation can be performed 

in high leading jet pT regime
Liu, Petriello, 

1303.4405, 1210.1906

low leading jet p T regime 
with resummation uses the 

inclusive 1-jet rate
Boughezal, Liu, Petriello, 

Tackmann, JW, 1312.4535



1-jet Resummation, Low Jet pT Regime
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1-jet Resummation, High Jet pT Regime
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Ecm ! 8 TeV
pT
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1-jet direct resum
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1-jet Resummation
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matching scale dependence
mild over a reasonable range

Boughezal, Liu, Petriello, 
Tackmann, JW, 1312.4535

Σ1!pTcut"

pTJ � pT
off

pTJ � pT
off

Ecm � 8 TeV, pTcut � 30GeV, R � 0.4 �1
tot

�1
res

�1
Μ

50 55 60 65 70 75
0

1

2

3

4

5

6

7

pToff #GeV$

Σ
1!
p Tcu

t "
#p

b$

pp� H � j, Scheme A

smooth matching between 
direct and indirect approaches

relation for exclusive 1-jet cross section in bin [p T
cut, pT

off]:

σ1([pcutT , po!
T ]; pcutT ) = [ σ0(po!

T ) − σ0(pcutT )] + [ σ! 2(po!
T , pcutT ) − σ! 2(pcutT , pcutT )]! !
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Combined Result
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uncertainties reduced over 
Þxed order by a factor of ~2

Boughezal, Liu, Petriello, 
Tackmann, JW, 1312.4535

scheme A has our primary results

Ecm � 8 TeV
pTcut � 25GeV

R � 0.4

A
FO

B

0 1 �2
0
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15

Njets

Σ
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crosssectionin jet bins

scheme A: " 2 resummation, H + 1j NNLO virtuals
scheme B: no " 2 resummation, H + 1j @ NLO

CATLAS =

!

"
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! 0.39 0.88 ! 0.04
0.20 ! 0.04 0.32

#

$ pb2

basis of 0, 1, 2+ jet rates
can determine the uncertainty for any 
observable depending on these rates

fully predict correlations 
between jet bins



Uncertainties
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we can estimate these uncertainties in our combined resummed results

uncertainty amplitudes for nuisance parameters:
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The WW Signal Strength
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Table 13: Leading uncertainties on the signal strengthµ for the combined 7 and 8 TeV analysis.

Category Source Uncertainty, up (%) Uncertainty, down (%)

Statistical Observed data +21 −21
Theoretical Signal yield (σ á B) +12 −9
Theoretical WWnormalisation +12 −12
Experimental Objects and DY estimation +9 −8
Theoretical Signal acceptance +9 −7
Experimental MC statistics +7 −7
Experimental W+ jets fake factor +5 −5
Theoretical Backgrounds, excludingWW +5 −4
Luminosity Integrated luminosity +4 −4

Total +32 −29

7.3.1 VBF results and measurement of couplings

Statistical tests of a VBF signal are performed on the 7 and 8 TeV data by considering the ggF signal
as part of the background. The test deÞnesµVBF, the signal strength parameter associated with the
VBF process, as the parameter of interest. The ggF signal strengthµggF is proÞled, and is constrained
mainly by theNjet≤1 signal regions.

The expected VBF signal signiÞcance atmH = 125 GeV is 1.6 s.d. (p0 = 0.05). The corresponding
observed signiÞcance is 2.5 s.d. (p0 = 0.007), but the highest value of 2.5 s.d. (p0 = 0.006) occurs
at massmH = 115 GeV. Figure 12a compares the observedp0 with the expected distribution in the
presence of a signal. The 95% CL exclusion onσ/σSM is shown in Fig. 12b. In the absence of a VBF
signal, the expected exclusion ismH > 130 GeV. However, the observed exclusion ismH > 147 GeV.
Figure 13 showsµ vs.mH. The best-Þt measured signal strength atmH = 125 GeV is

µobs, VBF= 1.66± 0.67 (stat.)± 0.42 (syst.)

= 1.66± 0.79.

Similarly, µggF has been measured on the 7 and 8 TeV data by considering the VBF signal as part
of the background. In this test,µVBF is constrained mainly by theNjet≥2 signal region. The best-Þt
signal strength atmH = 125 GeV is

µobs, ggF= 0.82± 0.24 (stat.)± 0.28 (syst.)

= 0.82± 0.36.

A two-dimensional likelihood scan of the signal strength for the ggF and VBFproduction modes
is shown in Fig. 14a. Since the signal strengths in the VBF,WH, andZH production modes scale with
theVH coupling, the three strengths are grouped together. The results are consistent with the expected
SM values of unity. Figure 14b shows the likelihood curves for the ratioµVBF+VH/µ ggF+tøtH from the
H→γγ, H→ZZ(∗)→4#, H→ττ, andH→WW(∗)→ #ν#ν analyses. The branching ratio dependence
of the individual channels cancels in the ratio so that the compatibility of the measurements in the
various channels can be compared. TheH→WW(∗)→ #ν#ν channel has a larger best-Þt ratio than the
other channels, but is consistent with theH→γγ andH→ZZ(∗)→4# results at 68% CL.

26

ATLAS-CONF-2013-030

! th , y
FO µ = 0.12 ! th , y

A µ = 0 .07

reduction by almost a factor of 2

rough estimate of reduction in the uncertainty:



Conclusions

¥ We propose an uncertainty parameterization that allows for generic 
correlations between jet bins

• Allows anyone’s results to be implemented

¥ Physical uncertainty sources connected to nuisance parameters

¥ There are no built-in assumptions

¥ JVE and Þxed order S-T are special cases (have assumptions)

¥ Our resummed 0/1 jet predictions may be used to compute all entries 
in the covariance matrix

¥ Improves over FO by a factor of ~2 over all jet bins (0, 1, 2+)
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