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 Jet bin uncertainties treatment in WW channel;

 scale and pdf errors on extrapolation parameters from signal to control region;

 gg  →H+2jets in the VBF analysis and treatment of its theoretical errors;

H→WW

H→ττ
 Jet bin uncertainties and treatment of the VBF and VH selection

Main focus on the WW channel, some common topics with 
ττ 
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4. Jet-bin Uncertainty in Exclusive Analysis 
" ! Exclusive analysis improves S/N, ex. H!WW!l'l' vs ttbar background. 

" ! What are the uncertainties for the H+0,1,2-jet bins ? 

" ! Should they be taken from fixed-order NNLO, or from elsewhere ? 

" ! Given a set of uncertainties how do we treat correlations between the jet-bins ? 

" ! Fixed-order expansion shows evidence of large logarithms.  
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The reduction in scale variation for small pT is artificial because  

of cancellations between large K-factors and large logarithms.�

H→WW*→lνlν is the most sensitive in the range 130-180 GeVH!WW(*)!l#l# – exclusion limit 

•! Since EPS (July 21st): improvements in the analysis (new b-tagging algorithm, 
cut optimization for mH>220 GeV) + additional data  

•! A Standard Model Higgs boson with 154<mH<186 GeV is excluded at 95% C.L. 
–! Expected exclusion mass range is 135<mH<196 GeV 

–! The observed limit is within 2( the expected one in the mass range 130 – 150 GeV 
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 large W+jets background strongly disfavours the lνqq 
channel 

the lνlν final state is the most clean (pure lepton final state, 
large missing ET allowing rejecting QCD and W+jets 
background)

 thoretically clean (no FSR in the final state)
 needs to be performed in jet bins, to reject tt →lν+Njets, 

lνlν+2jets
 most sensitive channel 0 jet and 1 jet exclusive final state
 QCD uncertainties on the background reduced by defined 

lepton based control regions in the same jet bin.
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Signal and background estimation (mH < 200 GeV)
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Ai is the acceptance in a given jet bin (i.e. the error induced by all other cuts except the jet counting).
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Higgs production and decay
Total inclusive cross sections evaluated at NNLO + NNLL (LHC xsec group) as a function of the Higgs 
mass. Computation available at NNLO+NNLL for gluon fusion.

2. Higgs Cross Sections and Branching Ratios 

" ! NNLO(+NNLL) QCD calculations for ggF, VBF, WH/ZH and NLO for ttH. 

" ! NLO electroweak radiative corrections (O~5-10%) assume factorization QCD vs EW corr. 

!! PDF uncertainty defined with envelope of MSTW, CTEQ and NNPDF (PDF4LHC recipe). 
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Scale� PDF+$s�

Scale

+PDF�

ggF� +25% 

(+100%)�
+12 -7%� ±8%� +20 -15%�

VBF� <1% 

(+5-10%)�
±1%� ±4%� ±5%�

WH/ZH� +2-6% 

(+30%)�
±1%� ±4%� ±5%�

ttH� - 

(+5-20%)�
+4 -10%� ±8%� +12 -18%�

Note: Scale and PDF+$s uncertainties are handled separately 

according to LHC Higgs combination WG’ prescription.  
(ATL-PHYS-PUB-2011-011, CMS NOTE-2011/005)�
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K-factor, QCD scale and PDF  

uncertainties at 7TeV�

The scale uncertainties of the dominant gluon fusion 
process are treated in special way to properly take into 
account uncertainties coming from the exclusive jet 
counting.

LHC xs recommendations

They are evaluated on the cross sections:
     σ≥0,  σ≥1,  σ≥2

The exclusive multi-jet cross section can be written as:
  σ0 = f0σ≥0,   σ1 = f1σ≥0 , σ2 = f2σ≥0                                     
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errors on fi are computed using selection cuts close to the analysis ones 
(ETMiss > 30 GeV, pTJet > 30 GeV, pT l1, l2 > 20 GeV, |η| < 2.5, mll > 12 GeV) - to be updated

The central values are computed using Powheg.

Δσ ≥1 (20%),  Δσ ≥ 2 (70%) are evaluated using  HNNLO (NLO  ≥ 1 jet, LO ≥ 2 jet) in ATLAS
Δσ ≥2 (20%) using MCFM NLO in CMS, agreed to use the LO 70% error in the future.



pT reweighting

 jet fraction central value from Powheg 
 Powheg provide resummation through parton shower at LL
  HqT2.0 provides Higgs pT distribution at NLO+NNLL
 reweighting is applied to reproduce HqT2.0 Higgs pT distribution
 the reweighting affects the central value of the jet fractionsExample PowHeg Weights
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The weight in a bin is equal to the HqT2 output in that bin divided
by the truth PT in that bin.
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Powheg-HqT2

PowHeg Distributions Before and After Reweighting
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PowHeg vs McAtNlo Distributions Before Reweighting
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PowHeg vs McAtNlo Distributions After Reweighting
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bef. rew. aft. rew.

Powheg
after before 
reweighting

Better Powheg-MC@NLO 
agreement after reweighting

Important effect on the jet 
counting (+14% acceptance 
in 0 jet, -14% in 1 jet)



 Acceptance error

Table 15: Numbers of expected events after all cuts for the signal (mH = 175 ! 300 GeV) and the total
background in the H + 1 jet channel for an integrated luminosity of 1.7 fb!1. The observed numbers
of events are also shown. The nominal numbers correspond to the background estimations described in
Sections 6 and 7. Also shown are the signal and background values resulting from the fit for two di!erent
scenarios, without any signal (signal strength µ = 0) and with the signal present (signal strength µ = 1).

Nominal Fit with µ = 0 Fit with µ = 1
mH [GeV] Lepton Flavors Signal Total Bkg. Signal Total Bkg. Signal Total Bkg. Observed

ee 3.4 6.3 0 6.3 1.63 5.8 4
175 eµ 11.7 18.7 0 18.6 5.6 16.9 18

µµ 6.9 12.4 0 12.4 3.3 10.9 13
ee 2.7 4.9 0 4.8 1.51 4.4 3

180 eµ 9.6 17.6 0 17.5 5.2 16.0 16
µµ 5.7 11.9 0 12.0 3.0 10.5 14
ee 2.1 4.1 0 4.1 1.19 3.8 3

185 eµ 7.4 16.5 0 16.3 4.3 15.0 15
µµ 4.1 11.1 0 11.0 2.3 9.8 11
ee 1.76 3.9 0 4.0 1.24 3.9 3

190 eµ 5.3 15.2 0 15.5 3.7 14.2 16
µµ 3.3 10.3 0 10.5 2.2 9.7 11
ee 1.20 3.4 0 3.7 1.05 3.5 2

195 eµ 4.1 14.8 0 16.4 3.5 15.5 19
µµ 2.8 8.9 0 9.5 2.4 8.7 12
ee 0.98 2.8 0 2.9 0.80 2.7 1

200 eµ 3.3 14.1 0 15.8 2.7 15.0 17
µµ 2.2 8.2 0 8.7 1.68 8.1 10
ee 1.53 13.3 0 13.8 1.65 12.8 12

220 eµ 8.5 76.6 0 80.2 9.2 72.9 79
µµ 2.6 24.4 0 26.7 2.9 23.9 35
ee 1.33 13.4 0 14.0 1.37 13.1 16

240 eµ 7.7 73.0 0 75.4 7.9 70.0 72
µµ 2.3 24.8 0 26.6 2.4 24.4 33
ee 1.33 12.3 0 13.4 1.49 12.4 19

260 eµ 6.3 66.5 0 71.2 7.0 66.5 67
µµ 2.3 23.3 0 25.5 2.6 23.5 31
ee 1.22 11.2 0 11.5 1.20 10.7 20

280 eµ 5.1 56.8 0 55.2 5.0 52.2 45
µµ 1.97 22.2 0 22.4 1.95 21.0 26
ee 1.07 9.6 0 9.9 1.09 9.3 19

300 eµ 4.3 47.8 0 46.6 4.4 44.0 38
µµ 1.76 18.9 0 19.1 1.79 17.9 21

Table 16: Theoretical uncertainties on the acceptances of WW, top quark and gg " H processes. Both
the WW and top backgrounds are determined from data control regions and therefore their acceptances
are not used, but are included here for completeness.

Process jet bin Scale PDF MC Total

WW 0 jet 4% 3% 7% 9%
1 jet 5% 3% 10% 12%

tt̄ 0 jet 9% 3% 8% 12%
1 jet 4% 3% 8% 9%

gg" H 0 jet 3% 3% 3% 5%
1 jet 3% 3% 11% 12%
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Acceptance error (MC modelisation from MC@NLO-POWHEG comparison after pT 
reweighting to HqT2.0)

Table 15: Numbers of expected events after all cuts for the signal (mH = 175 ! 300 GeV) and the total
background in the H + 1 jet channel for an integrated luminosity of 1.7 fb!1. The observed numbers
of events are also shown. The nominal numbers correspond to the background estimations described in
Sections 6 and 7. Also shown are the signal and background values resulting from the fit for two di!erent
scenarios, without any signal (signal strength µ = 0) and with the signal present (signal strength µ = 1).

Nominal Fit with µ = 0 Fit with µ = 1
mH [GeV] Lepton Flavors Signal Total Bkg. Signal Total Bkg. Signal Total Bkg. Observed

ee 3.4 6.3 0 6.3 1.63 5.8 4
175 eµ 11.7 18.7 0 18.6 5.6 16.9 18

µµ 6.9 12.4 0 12.4 3.3 10.9 13
ee 2.7 4.9 0 4.8 1.51 4.4 3

180 eµ 9.6 17.6 0 17.5 5.2 16.0 16
µµ 5.7 11.9 0 12.0 3.0 10.5 14
ee 2.1 4.1 0 4.1 1.19 3.8 3

185 eµ 7.4 16.5 0 16.3 4.3 15.0 15
µµ 4.1 11.1 0 11.0 2.3 9.8 11
ee 1.76 3.9 0 4.0 1.24 3.9 3

190 eµ 5.3 15.2 0 15.5 3.7 14.2 16
µµ 3.3 10.3 0 10.5 2.2 9.7 11
ee 1.20 3.4 0 3.7 1.05 3.5 2

195 eµ 4.1 14.8 0 16.4 3.5 15.5 19
µµ 2.8 8.9 0 9.5 2.4 8.7 12
ee 0.98 2.8 0 2.9 0.80 2.7 1

200 eµ 3.3 14.1 0 15.8 2.7 15.0 17
µµ 2.2 8.2 0 8.7 1.68 8.1 10
ee 1.53 13.3 0 13.8 1.65 12.8 12

220 eµ 8.5 76.6 0 80.2 9.2 72.9 79
µµ 2.6 24.4 0 26.7 2.9 23.9 35
ee 1.33 13.4 0 14.0 1.37 13.1 16

240 eµ 7.7 73.0 0 75.4 7.9 70.0 72
µµ 2.3 24.8 0 26.6 2.4 24.4 33
ee 1.33 12.3 0 13.4 1.49 12.4 19

260 eµ 6.3 66.5 0 71.2 7.0 66.5 67
µµ 2.3 23.3 0 25.5 2.6 23.5 31
ee 1.22 11.2 0 11.5 1.20 10.7 20

280 eµ 5.1 56.8 0 55.2 5.0 52.2 45
µµ 1.97 22.2 0 22.4 1.95 21.0 26
ee 1.07 9.6 0 9.9 1.09 9.3 19

300 eµ 4.3 47.8 0 46.6 4.4 44.0 38
µµ 1.76 18.9 0 19.1 1.79 17.9 21

Table 16: Theoretical uncertainties on the acceptances of WW, top quark and gg " H processes. Both
the WW and top backgrounds are determined from data control regions and therefore their acceptances
are not used, but are included here for completeness.

Process jet bin Scale PDF MC Total

WW 0 jet 4% 3% 7% 9%
1 jet 5% 3% 10% 12%

tt̄ 0 jet 9% 3% 8% 12%
1 jet 4% 3% 8% 9%

gg" H 0 jet 3% 3% 3% 5%
1 jet 3% 3% 11% 12%
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ATLAS:  directly evaluated with Powheg up to  now. 
PLAN:  factorise the reweighting error from pT reweighting from the MC scale uncertainty by re-
weighting to the same pT Higgs distribution after scale and pdf variation in POWHEG.

Further uncertainties due to all other cuts on top of the jet counting are included in the acceptances.



Proposed strategy for the 2 jet uncertainty in the VBF 
channel  (still on going) 

1) evaluate f2 using MCFM

2) correct f2 value using the ratio f2 POWHEG /f2 MCFM

3) check stability of f2 POWHEG /f2 MCFM respect to analysis cuts (mainly Jet ET thresholds and |η|)

Preliminary numbers mH cjv s (MCFM) s (POWHEG)
120 n 0.219 ± 0.03 0.202
120 y 0.24 ± 0.04 0.164
160 n 0.97 ± 0.2 1.53
160 y 0.742 ± 0.2 1.26
250 n 0.451 ± 0.08 0.233
250 y 0.29 ± 0.1 0.167

variable details
jet algorithm kt
jet cone size 0.5
Mjj >350 GeV
Dhjj > 3.5
hj1hj2 < 0
leptons pT > 20, 15 GeV
tag jets pT > 30 GeV
Emiss

T > 30 GeV
vetoed jet > 30 GeV

Table 1: MCFM settings for the Higgs + 2jets calculation.

cuts used (VBF selection)

cjv central jet veto

large correction at high mass, a 
scaling factor has to be applied

Example with VBF cuts

σ≥2 jet                   ETMiss > 25 GeV, pT jet > 25 GeV |η| < 4.5 pTl1,l2 > 25,15 GeV, mH = 150 GeV
MCFM 6.97 ± 0.19 fb    Powheg (reweighted) 5.96 ± 0.08 fb (15%)

Example no VBF cuts

Use NLO error here because σ≥2A2-VBF  << σ≥1



The H →ττ case (gg contribution, possible approach)

The analysis is performed in 3 different categories.

 0 jet
 ⩾ 1 jet (no VBF, no VH)
 ⩾ 2 jets (with VBF and VH cuts)

NSignal0 = σ0A0L = σ≥0f0 A0 L
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NSignal1 = σ1A1L = σ≥0f1 A1 L

f1 =
��1

��0
NVBF = σ⩾2A2-VBFL 
NVH = σ⩾2 A2-VHL 

σ⩾2 A2-VBF A2-VH evaluated with MCFM at NLO with their uncertainties



scale pdf CTEQ 6.6 error set pdf central (CTEQ6.6, MSTW2008, NNPDF2.1) Modelisation
!0j

WW 2.5% 2.6% 2.7 % 3.5%
!1j

WW 4% 2.5% 1.4 % 3.5 %
correlation 1

Table 26: Scale and pdf uncertainties on WW extrapolation parameters ! in the ATLAS analysis.

.

"!0 (fb) !"!0 (%) "!1 (fb) !"!1 (%) "!2 (fb) !"!2 (%) "!3 !"!3

532 3.3 159 6.5 41 8.7 9 11

Table 27: Inclusive muti-jet cross section computed with MC@NLO and their scale variation. The values shown
are obtained for a single lepton combination. CTEQ6.6 pdfs are used in the computation.

where the error is due to the MC statistics, a conservartive error of 3.5% is assumed. The errors are
summarised in Table 26.

4.4 Cross section and acceptance.
For high value of mH , namely mH > 200 GeV, the statistics in the WW control region becomes quite
small and the control region gets contaminated by a significant signal fraction. In this region a direct
evaluation of the WW yield in the signal region is recommended. The WW yield in jet bins can be
written as in the following:

NWW
0j = "!0f0A0 NWW

1j = "!0f1A1 (6)

The values f0 and f1 are defined as:

f0 =
"!0 ! "!1

"!0
f1 =

"!1 ! "!2

"!0

The scale uncertainties on f0 and f1 are obtained propagating the uncertainties on the inclusive jet cross
sections ("!N) that are assumed uncorrelated. The cross sections are computed for jets with pT > 25
GeV and |#| < 4.5 for the ATLAS experiment and ..... for the CMS experiment. The inclusive cross
section uncertainty is evaluated using MC@NLO and applying the scale variation prescription as above.
The values of the inclusive cross section obtained and their uncertainties are shown in table 27, they have
been evaluated for a single lepton combination.

MC@NLO simulates the pp " WW + 2 jets process through the NLO pp " WW " " l$l$
plus parton shower. This means that no ME comptation for the pp " WW + 2 jets is implemented in
the generator. In order to take into account mismodelisation of the parton shower MC we compare the
ratio "!2/"!1 and "!3/"!2 bewteen MC@NLO and ALPGEN which computes WW production cross
section up to three jets. The two W’s are simulated on shell by ALPGEN and also spin correlation is
not simulated, moreover only tree level diagrams are computed by ALPGEN, therefore the comparison
is performed only for jet multiplicity higher than one where ALPGEN provides an ME computation for
the jet yield. The comparison is shown in table 28. The discrepancy between the two generators on these
ratios is added in quadrature to the scale variation for the 2 jet and the 3 jets inclusive cross section.

The inclusive multi-jet uncertainties due to scale and modelisation are summarised in table 29.

4.5 Theoretical errors on acceptances.
In addition to the scale uncertainties on the jet fractions, fi, we need to evaluate also the scale uncer-
tainties on the acceptances Ai as defined in equation 6. These take into account scale variation effect on

34

The scale variation is obtained using the prescription:   μr = ξrμ0    μf =  ξfμ0   with 1/2 ≤ ξr ≤ 2
                                            1/2 ≤ ξf/ ξr ≤ 21/2 ≤ ξf ≤ 2

mH (GeV) 110-170 170-220
ATLAS !!ll < 1.3 !!ll < 1.8
S.R. mll < 50 GeV mll < 65 GeV
ATLAS mll > mZ + 15 GeV (ee,µµ)
C.R. mll > 80 GeV (eµ)
CMS ...

Table 25: Definition of the signal and control regions in ATLAS and CMS analyses.

3.2 MSSM Higgs branching ratios
3.2.1 Combination of calculations
! S. Heinemeyer, M. Spira, G. Weiglein

3.2.2 Results in themmax

h
scenario

! S. Heinemeyer, M. Spira

4 WW! decay mode 6

4.1 Introduction
4.2 WW background.
4.3 Extrapolation parameters !.
The WW background is estimated for mH < 200 GeV using event counts in a well defined control
region (C.R.). The control region is defined using cuts on mll and !!ll that exploit the spin correlation
of the WW pair from a spin-0 particle decay like the Higgs. For boosted WW pairs the correlation is
weaker , therefore the cuts on the two variables are relaxed for higher Higgs masses. In table 25 we show
the cuts used by the two collaborations in different mH intervals to define the signal and the WW C.R.
for the different channels.

The amount of WW background in signal region is determined from the control region through
the parameter " defined as:

"WW = NS.R.
WW/NC.R.

WW

the value of " is evaluated for the 0-jet and 1-jet bin. ATLAS uses the prediction from MC@NLO
that computes the pp ! WW ! ! l#l# at NLO including off-shell contributions and spin correlation
obtained with some approximation for off-shell W’s. The uncertainty on "’s is obtained computing
PDF and scale uncertainties. The scale uncertainties are computed using MC@NLO and varying the
factorisation and normalisation indipendently between 1/2 and 2. The ratio between the two is anyway
taken between 1/2 and 2, so that we use 7 scale combinations: (0.5,0.5), (0.5,1), (1,0.5), (1,1), (1,2),
(2,1), (2,2). The pdf uncertainty is taken using the CTEQ6.6 error set and adding in quadrature the error
between the CTEQ6.6, MSTW2008 and NNPDF2.1 central values.

Single resonant diagram and full ME calculation of the spin correlation for off-shell W’s is not
performed in MC@NLO, therefore a further modelisation uncertainty is considered by comparing the
" parameters obtained with MCFM and MC@NLO. Being MCFM a parton level MC, effects related
to jets modelisation are integrated out in the comparison by removing the jet counting cuts from the
comparison, the ratio of the " parameters obtained with MCFM and MC@NLO is:

"(MC@NLO)

"(MCFM)
= 0.980 ± 0.015

6B. Di Micco, R. Di Nardo, A. Farilla, B. Mellado, F. Petrucci and (eds.); ...

33

Modelisation from MC@NLO-MCFM 
comparison without jet counting (full inclusive in 
number of jets).

Takes into account contribution of single 
resonant diagrams,
and exact spin correlation for off-shell W’s.

uncertainties on alpha parameters.WW background for H→WW:

ll��
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Computation of jet bin uncertainties in WW background.

σ>=0
σ>=1
σ>=2
σ>=3

3,00 0,00
6,0 0,00

9,00 40,73
10,0 98,28

Scale Model.

For mH > 200 GeV no good control region can be defined, we need to use absolute predicion form MC 
(MC@NLO is used).

Scale uncertainties from MC@NLO are not enough (the 2 jet channel is produced only through parton 
shower in MC@NLO), we need to compare with better calculations: ALPGEN, MADGRAPH.

WW simulated up to 3 jets in ALPGEN reproduces correctly the ratios: 
 σ≥N+1/σ≥N is well reproduced (see for example W,Z + jets, and multijets cross sections from ATLAS).
Add as systematic error discrepancies in σ≥2/σ≥1 between ALPGEN and MC@NLO
(probably MADGRAPH/MC@NLO in the future).
ALPGEN includes VBF qq→WW→H→WW with mH = 120 GeV, anyway both W’s are on shell
therefore the contribution from the Higgs is negligible (t-channel contribution also negligible).
How to solve the issue for 2 jet VBF?

 ALPGEN  MC@NLO
0,353 0,299
0,360 0,256

0,1124 0,06

σ>=1/σ>=0
σ>=2/σ>=1
σ>=3/σ>=2

3,00
6,00

42,00
99,00

Total
fractional uncertainties (%).

11
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Conclusions

 pT reweighting uncertainties needs to be included in the acceptance error.

 We need to rescale Powheg to MCFM @NLO for 2 jets VBF (how? and which systematics?)

 For mH > 200 GeV jet bins uncertainties on the WW background are needed.

 We need to find a method to remove the Higgs contribution from the SM WW, VBF 

background.



Higgs cross-sections 
•! H"!!: rare channel, but the 

best for low mass 

•! H"WW(*):  
–! !l#l#: very important in the 

intermediate mass range 

–! ! l#qq: highest rate, 
important at high mass 

•! H"ZZ(*): 
–! ! 4l: golden channel 

–! ! ll##: good for high mass 

–! ! llbb: also high mass 

•! H""": good signal/
background, important at low 
mass, rare 

•! Associated prod. H" bb-bar 
–! ttH, WH, ZH 

–! It is useful for the discovery 

–! It is very important for Higgs 
property studies if SM Higgs 
is discovered  
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Higgs production and decays 
3.1.2 Higgs production at hadron machines

In the Standard Model, the main production mechanisms for Higgs particles at hadron

colliders make use of the fact that the Higgs boson couples preferentially to the heavy

particles, that is the massive W and Z vector bosons, the top quark and, to a lesser extent,

the bottom quark. The four main production processes, the Feynman diagrams of which are

displayed in Fig. 3.1, are thus: the associated production with W/Z bosons [241, 242], the

weak vector boson fusion processes [112, 243–246], the gluon–gluon fusion mechanism [185]

and the associated Higgs production with heavy top [247,248] or bottom [249,250] quarks:

associated production with W/Z : qq̄ !" V + H (3.1)

vector boson fusion : qq !" V !V ! !" qq + H (3.2)

gluon ! gluon fusion : gg !" H (3.3)

associated production with heavy quarks : gg, qq̄ !" QQ̄ + H (3.4)

q
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V !

•

H
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•
q

q
V #

V !
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Figure 3.1: The dominant SM Higgs boson production mechanisms in hadronic collisions.

There are also several mechanisms for the pair production of the Higgs particles

Higgs pair production : pp !" HH + X (3.5)

and the relevant sub–processes are the gg " HH mechanism, which proceeds through heavy

top and bottom quark loops [251,252], the associated double production with massive gauge

bosons [253, 254], qq̄ " HHV , and the vector boson fusion mechanisms qq " V !V ! "
HHqq [255, 256]; see also Ref. [254]. However, because of the suppression by the additional

electroweak couplings, they have much smaller production cross sections than the single

Higgs production mechanisms listed above.
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gluon fusion ttH
H strahlungVBF
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 H (NNLO+NNLL QCD + NLO EW)

App 

 qqH (NNLO QCD + NLO EW)

App 

 WH (NNLO QCD + NLO EW)

A
pp 

 ZH (NNLO QCD +NLO EW)

A
pp 

 ttH (NLO QCD)

A
pp 

 Highest production rate in the WW channel;

 ZZ→4l, H→γγ, H→ττ competitve at low mass for their lower background.



H→WW*→lνlν analysis (Event selection) 

 Dilepton, opposite sign 
          Electrons:  ET > 20 GeV (ATLAS), 10 GeV (CMS),  isolation, |η| < 2.5

 Muons:   pT > 15 GeV, (ATLAS), 10 GeV (CMS), track and calo isolation, |η| < 2.4 
 mll > 15 GeV (ATLAS) 12 GeV (CMS) (to reject Y background), Z veto |mll - mZ| > 15 GeV
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on the normalization of the contributions, but do not include the uncertainties on the shape, which are193

e!ects that move events from one bin to another within the plot. The shape systematics are taken into194

account in the expectations shown in the tables and used in the limit extraction.195

There are five major sources of backgrounds: QCD multijets, W+jets, Drell-Yan, top quark, and196

diboson production. QCD multijets and W bosons produced in association with hadronic jets can be a197

large source of background if a jet is misidentified as a lepton. The requirement of two high-pT leptons198

largely reduces these background sources.199

The Drell-Yan process (!!,", Z) produces two high-pT leptons. For the ee and µµ channels, the lower200

bound on the invariant mass m"" > 15 GeV suppresses the !
! and " events. An additional requirement201

|mZ " m""| > 15 GeV suppresses the Z # ee and Z # µµ contributions. The Z # ## # "" + EmissT202

contribution is suppresed by the cuts on the lepton pT, the E
miss
T (which still tends to be small in these203

events since the neutrinos from the # decays are usually back-to-back), and the dilepton opening angle in204

the transverse plane (see below). For the eµ channel, m"" > 10 GeV is required. The m"" distributions for205

the ee, the µµ, and the eµ channels are shown in Fig. 2. The shapes of the m"" distributions are in general206

well described by the simulation. A constant normalization factor between data and Monte Carlo (MC)207

of about 5% can be observed in both the ee and µµ channels. Furthermore, there is an excess of events208

at low m"" in the eµ channel. This excess is found to come predominately from events with two jets and209

large EmissT and can be attributed to a mis-modeling of the low m"" region in tt̄ events. The $ distributions210

of the leptons are shown in Fig. 3. The distributions agree within the uncertainties of the simulation,211

but more leptons are identified in the central region of the detector in the data than is predicted by the212

ALPGEN Monte Carlo. PYTHIA combined with a di!erent PDF set has been found to better describe213

the $ distribution of the leptons.214

The remaining QCD multijets and Drell-Yan events are suppressed by a EmissT requirement. The215

quantity EmissT,rel is defined as:216

EmissT,rel =

!

EmissT if #% $ &/2
EmissT · sin#% if #% < &/2

, (1)

where #% is the absolute di!erence in the azimuthal angle between the EmissT vector in the transverse217

plane and the nearest lepton with pT > 15 GeV or jet with pT > 25 GeV. For the ee and µµ channels,218

QCD multijets and Drell-Yan events are suppressed by requiring EmissT,rel > 40 GeV. For the eµ channel,219

which only has Drell-Yan background from the ## channel, this cut is lowered to EmissT,rel > 25 GeV. The220

EmissT,rel distributions are shown in Fig. 4. The data are well-modeled by the simulation at large values. At221

low values, the disagreement with the MC predictions is within the systematic errors (including shape222

uncertainties not shown in the figure). Simulations based on the PYTHIA generator provide a better223

description of the distribution.224

Table 3 gives the numbers of events selected at this stage of the analysis. The jet multiplicity distri-225

bution after the EmissT,rel selection is shown in Fig. 5. To reject top-quark pair production, which leads to226

WW+jet final states, the multiplicity of reconstructed jets is required to be less than two. The next two227

sections describe in more detail the treatment of the remaining backgrounds.228
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ee,μμ

eμ
rejects QCD and Z/γ*

isolation rejects W+jets

Jet definition:  anti-kT ΔR = 0.4, pT > 25 GeV  |η| < 4.5 (ATLAS)
                          ΔR = 0.5 pT > 30 GeV  |η| < 4.5 (CMS)

0 jet
 pTll > 30 GeV, together with jet veto

further suppresses Z/γ* background (ATLAS)
 cut on  Δφll CMS

1 jet

 |pTOT| = |pTll + pTjet+ ETmiss| < 30 GeV
(increase S/√B rejecting top background)
anti-btagged jet (further suppress top bkg)
 Zττ veto (Z mass reconstructed in 
collinear approximation, assuming the 
neutrino goes in the same direction of the 
charged leptons)
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Scale variation with MADGRAPH

(ξr,ξf)   (1,0.5)       (1,2)      (0.5, 1)      (2,1)     (0.5,0.5)       (2,2)

Slightly different definition: scale fixed to the W mass instead of dynamic scale: 1/2(ET1 + ET2) in 
MC@NLO, includes a cut ΔRJJ > 0.7 to suppress contribution from showering.

The largest contribution from pT > 25 GeV is inside the MC@NLO-ALPGEN difference.
Hardest pT cut seems to increase scale uncertainties (MC statistics?),



Aim is to get a ratio of the ratio ggh+2j/VBF at  
parton level at NLO as a function of  delta_eta_jj
Include the scale variations

Use this parton level distribution to check our  MC generators
Use MCFM6v1 and CTEQ6.6
Input card agreed with John
Jobs are very time consuming, starting to  have results at NLO now

mH = 165 GeV


