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2 Data and Simulation Samples

The data are subjected to quality requirements: events recorded duriogspehen the relevant detector
components were not operating normally are rejected. The resulting itgeduaninosity is 481 fo2,
4.81 fb~1 and 491 fb~! for the 4u, 2e2u and 4 final states, respectively.

TheH — 2Z™) — 4¢ signal is modelled using trroOwHEGMonte Carlo (MC) event generatc?,[?],
which calculates separately the gluon-gluon and vector-boson fusidagiion mechanisms with matrix
elements up to next-to-leading order (NLO). The Higgs boson transusssgentum pr) spectrum in
the gluon fusion process is reweighted to match the calculation of Refwhich includes quantum
chromodynamics (QCD) corrections up to NLO and QCD soft-gluon resumnsatip to next-to-next-
to-leading logarithm (NNLL).POWHEGIS interfaced topYTHIA [?] for showering and hadronization,
which in turn is interfaced teHoT0S[?] for quantum electrodynamics (QED) radiative corrections in
the final state and tosaAuOLA [?, ?] for the simulation oft lepton decaysPYTHIA is used to simulate
the production of a Higgs boson in association witV @r aZ boson.

The Higgs boson production cross sections and decay branching[fatiys?, ?], as well as their
uncertainties, are taken from Ref&, [?]. The cross sections for the gluon fusion process have been
calculated at next-to-leading order (NLO) in QCRB, P, ?], and then at next-to-next-to-leading order
(NNLO) [?, 2, ?]. In addition, QCD soft-gluon resummations up to NNLL are applied for thergy/u-
sion process?. The NLO electroweak (EW) corrections are appli@dq]. These results are compiled
in Refs. [, ?, ?] assuming factorisation between QCD and EW corrections. The crossrsefor the
vector-boson fusion process are calculated with full NLO QCD and Eiéctions P, ?, 7], and approx-
imate NNLO QCD corrections are availabt®.[ The associated productions withAa or Z boson are
calculated at NLO7P] and at NNLO [?] in QCD, and NLO EW radiative correction8][are applied. The
uncertainty in the production cross section due to the choice of QCD scjag@/fsfor the gluon fusion
process, and=1% for the vector-boson fusion, associat®@éi production, and associate&dd produc-
tion processes?]. The uncertainty in the production cross section due to the parton distritfutiction
(PDF) andas is +£8% for gluon-initiated process ant4% for quark-initiated processe®, [?, ?, ?, 7.
The Higgs boson decay branching ratio to the four-lepton final statedscped byPROPHECYF [?, 7],
which includes the complete NLO QCD+EW corrections, interference teftfeetween identical final-
state fermions, and leading two-loop heavy Higgs boson corrections touhdéeirmion width. Table 1
gives the production cross sections and branching ratiol fer ZZ(*) — 4¢ for several Higgs boson
masses.

The cross section calculations do not take into account the width of the Haggs, which is im-
plemented through a relativistic Breit-Wigner line shape applied at the ees@trgtor level. It has been
suggestedq, ?, ?, 7] that effects related to off-shell Higgs boson production and intenfarevith other
SM processes may become sizeable for the highest masges 400 GeV) considered in this search.
In the absence of a full calculation, a conservative estimate of the posskl®f such effects is in-
cluded as a signal normalization systematic uncertainty following a paramétarizs a function of
my: 150%x ng|[TeV], for my > 300 GeV ).

Thezz™ continuum background is modelled usipgTHIA. TheMcFEM [?, ?] prediction, including
both quark-antiquark annihilation and gluon fusion at QCD NLO, is usedhi® inclusive total cross
section and the shape of the invariant mass ofZRg&) system ;). The QCD scale uncertainty
has at5% effect on the expectetZ*) background, and the effect due to the PDF agdincertainties
is +4% (£8%) for quark-initiated (gluon-initiated) processes. An additional thexaeuncertainty of
+10% on the inclusiv&Z*) cross section is conservatively included due to the missing higher-order
QCD corrections for the gluon-initiated process, and a correlated tanugron the predictedn,,.)
spectrum is estimated by varying the gluon-initiated contribution by 108% [

TheZ + jets production is modelled using PGEN [?] and is divided into two sourceZ + light jets
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Table 1: Higgs boson production cross sections for gluon fusion, #bcton fusion and associated
production with aV or Z boson inpp collisions at,/s= 7 TeV [?]. The quoted uncertainties correspond
to the total theoretical systematic uncertainty. The production cross seoti@sgociated production
with aW or Z boson is negligibly small fomy > 300 GeV. The decay branching ratio tér— 4¢, with

¢ =-eor U, is reported in the last columr?]

my o(gg—H) o(qd - Hqy) o(g@@—WH) o(qq— ZH) BR<H~>22<*)*>4E)

(GeV] [pb) [pb) [pb) [pb) 1079
130 141737 1.154"2032  0.501+0.020 Q278+0.014 Q19
150  105'22 0.9622928  0.300+£0.012 Q171+0.009 038
200 52192 0.637'3922  0.103+£0.005 Q061+ 0.004 115
400  20+03 016275352 — - 121
600  033+0.06 0058705 — — 1.23

— which includesZcc in the massless-quark approximation andbb from parton showers — and
Zbb using matrix element calculations that take into accounbtfjgark mass. The MLMY] matching
scheme is used to remove any double counting of identical jets producedevizathix element calcu-
lation and the parton shower, but this scheme is not implementelljeis. Thereforebb pairs with

separatio\R = 1/ (A@)?+ (An)? > 0.4 between thé-quarks are taken from the matrix-element calcu-

lation, whereas foAR < 0.4 the parton-showesb pairs are used. In this search the- jets background

is normalized using control samples from data. For comparisons with simulatierQCD NNLO
FEWZ [?, ?] and MCFM cross section calculations are used for inclugvieoson andZbb production,
respectively. Theét background is modelled usingc @NLO [?] and is normalized to the approximate
NNLO cross section calculated usingTHOR [?]. The effect of the QCD scale uncertainty on the cross
section isfg%, while the effect of PDF ands uncertainties ist7%. BothALPGEN andMC@NLO are
interfaced toHERWIG [?] for parton shower hadronization and tovmy [?] for the underlying event
simulation.

Generated events are fully simulated using the ATLAS detector simul&jawithin the GEANT4
framework [?]. Additional pp interactions in the same and nearby bunch crossings (pile-up) are idclude
in the simulation. The MC samples are reweighted to reproduce the obsésteioution of the mean
number of interactions per bunch crossing in the data.
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4 Event Selection Optimization

Contact : F. Cerutti

The kinematic cuts applied at selection level have been otimized aiming at the maigmell sen-
sitivity. The focus has been on the low mass region, between 120 and d3@8Bere the analysis is
more challenging and the differences in kinematics between the signal aratitiegble background are
larger.

4.1 Optimization for the four muons final state

The optimization procedure is based on a scan of the 6 main kinematic seledtiables M1, the
opposite-charge di-muon mass coser to Zhene, M34 the other opposite-charge di-muons invariant
mass, and the transverse momenta of the four leading nijomigh i ordered from 1 to 4 from the lead-
ing to the lowest transverse momentum muon. The position of the cut is chidbervalue that gives the
maximum signal sensitivity at a given signal mass. Since the variables aetated the otpimization
procedure was performed in an iterative way looking for minima in the 6 dimeaitiariable space.
The statistical variable used is the probability that the observed numbegmtseassumed to be equal to
the sum of the expected background and signal events in a 6 GeV masswanound the signal mass,
is as large or larger than the expected background, the expRgctétiis probability is computed on the
basis of a 125 GeV Higgs signal and background events predicted BCGhessuming an integrated lu-
minosity of 20fb~1 at a centre-of-mass energy of 7 TeV. Two methods are used to competepineted
Py: one is based on thg? asymptotic approximation with the formula described below in Equation 1.
In this case the probaility is expressed as the equivalent number of slatelagationsZ, for a Gaussian
probability density function.

Zo= \/2<(s+b)ln(1+§)—s> @)

wheres andb are the number of signal and background events, respectively.

The second one is based on a simple Poisson marginal probability integral imiar extrapolation
between the two closest integers to the expected signal plus backgnamhe nof events. Both approach
give consistent results in terms of the optimal cuts choice.

In the kinematic optimization for the four muon channel the background estiua¢sken form the
MC (mcllc samples). This is possible since the reducible backgroundligibkgwith respect to the
irreducible one and therefore the optimizatin procedure is quite insensitite ggstematics. All kind
of backgrounds described Section 2 are taken into account in thisdaneceNo pileup reweighting and
efficiency scale factors are applied in this study. Theirs impact on the optimhahoice is expected to
be negligible for the four muon channel.

In this optimization procedure some constraints were applied to take into ddcigger require-
ments and the fact that some of the background samples are producedneitiakic cuts at gerator
level so it does not make sense to explore kinematics too close to theselwitao$t sensitive variables
for the optimization are found to béd;> andRg4, the lowest transverse momentum of the quadruplet. This
is shown in Figure 1 and Figure 2 whether the local expegtad shown for the 4 muon channels as a
function of different kinematic variables. The other variables have atessg dependency. In particular
R1 andR3 have a quite flat behavior so it has been decided to tighten the latter to 10 Bekéspect to
the 7 GeV of the previously pubished analysis. Also the cutlesvariable has been tighten with respect
to the published analysis with a small increase in the expeggeleh general if a small dependency of the
expected is observed the choice has been to move the cut at the more conseraéiiwewth respect
to the redicuble background contribution. The choice of the cuts basé&udaptimization procedure
are summarized in Table 2.
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Figure 1. Dependency of the expectéglas described in the text on the mass of the leading pair (left)
and of the sub-leading pair (right). The probability refers to a 125 Ge\g$igignal and to an integrated
luminosity of 20fb~! at a cetre-of-mass energy of 7 TeV.
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Figure 2: Dependency of the expectégas described in the text on the mass of the leading pair. (right)
dependendy of expectedy as described in the text on the transverse momenta of the third and fourth
muons in the quadruplet. The probability refers to a 125 GeV Higgs sigdabaan integrated luminosity

of 20 fb~1 at a cetre-of-mass energy of 7 TeV.

In addition the impact of extending the muon acceptance by adding the SAaodl& muons as
defined in Section 3 has been investigated. The SA muons largely improveii¢ciency in the region
at large pseudo-rapidities.@< |n| < 2.7), where the Inner Detector tracking efficiency drops rapidely,
and the Calo-Tag muons in the pseudo-rapidity regigr< 0.1 where there are not instrumented regions
of the Muon Spectrometer due to the passage of ATLAS services. BygttairSA and Calo-Tag muon
the signal efficiency, for a 125 GeV Higgs mass, is improved by about Meimtpimized kinematic
region. The details on the change of the selection, with respect to the pdblbsie, and the expected
signal significance are reported in Table 3 for an integrated luminosity ¢b20 at a centre-of-mass
energy of 7 TeV for the four-muons channel alone and a Higgs sigittalawnass of 125 GeV.

Usign the same statistical method the impact of other muon selection variablesahsggsitivity
was investigated. In particular the use of the calorimetric isolation with pileupciions was showing
a decrease of sensitivity due to the increase of the reducible backhrouthis case it has been decided
to use the uncorrected calorimetric isolation that gives not only better sdtgditit also a sizable reduc-
tion of the reducible background (conservative approach). Similay tofirmed the improvement in
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Variable | Optimal Cut Published cut
Mio 50 GeV 15 GeV around& mass
Maa 20 GeV 17.5 GeV
R1 20 GeV 20 GeV
R 15 GeV 20 GeV
PR3 10 GeV 7 GeV
Ra 6 GeV 7 GeV

Table 2: Value of optimal cut position for a 125 GeV Higgs mass signal olatdren the procedure
described in the text for the four muon final state. Mg cut values refers to s, mass of 125 GeV.

Selection Signal | Irreduc. bkg.| Reduc. bkg.| Zg Gauss.o
Published without SA and calo-tag | 2.25 1.26 0.08 1.64
Published with SA and calo-tgg 2.40 1.37 0.10 1.69
Optimized with SA and calo-tag 3.66 1.92 0.20 2.14

Table 3: Number of signal and background events for the differéat®ens from simulation assuming
an integrated luminosity of 20b~! at a centre-of-mass energy of 7 TeV for the four-muons channel
alone and a Higgs signal with a mass of 125 GeV. No errors on the estimatiegktand is considered
here. In the last column the expected local signal significnBgeexpressed in terms of equivalent
one-sided Gaussian sigma is reported.

sensitivity if the impact parameter significance cut is applied to all four mubtieauadruplet.

4.2 Optimization for channels with Electrons

Due to the different background composition a separate optimization stuglpeviormed for channels
with sub-leading electrons final states, i.e. teeadd 2u2e channels. The kinematic cuts in the quadru-
plet selection were studied in details after fixing the minimum transverse momeéhtony GeV. As in
the previous subsection, the main variables studied were the closest masZ toni, M1,, the lowest
momentum of the electrons in the first pa#;, »), and the transverse momentum of the lower energy
electrond’3, while keeping the electron with the lowest momentBgt> 7 GeV. The optimization strat-
egy was to focus on the low-mass Higgs region where potential changeskimématic cuts can impact
both the signal and reducible backgrounds.

The observables used to quantify the acceptance to MC signal andrbacgevents of a given set
of cuts are the expected number of events for the integrated luminosity df{2®Lfb1) and the global
and local significances estimated with Eq. (1). While the global significarades lat a wide range of
Higgs mass values (100-180 GeV), the local significance is computed in a limitge of +6 GeV
(corresponding roughly to>2FWHM of the experimental resolution) centered on a given Higgs mass
hypothesis. The optimization procedure, in parallel with the muon-basegqwoe, was to re-run the
standard analysis with fixed electron and muon identification and isolatioh @sleations on signal and
background MC, while varying the targeted variables. Note that the tieduia Z+jets backgrounds is
accounted for with the implementation of the nEvatio cut for low energy electrons withe < 10 GeV.
See Section Section 3 for more details.

Figure 3 shows the expected number of events (left), the global (cemtdr).ocal (right) signifi-
cances as a function of the different kinematic cuts for an integrated luityirais4.8 fb~!. The top
row of Figure 3 refers to th#&li,, the middle to theR1 abd the bottom to th&s kinematic variables
respectively.

Figure 3 top clearly show that lowering the value Mf, with respect to the published analysis
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increases the acceptance of the analysis to both signal and backgnmntd. Passed the lower bound
of M12 > 50 GeV, the local and global significances reach a stable value whemgor® significant
improvement is possible. For this cut value, the increase in the expectecenoimévents is nearly
~70% for a Higgs signal at 120 GeV.

Figure 3 middle show that lowering the sub-leadg gives a small improvement on the signifi-
cances. If it is lowered to 15 GeV, with respect to the previous value @& the gain in the global
significance is at the level 6f 4% although the number @bb+jets events have increased for a 120-GeV
Higgs.

Figure 3 bottom show that further improvement can be reached by imugetie minimumB of
the third lepton to 10-12 GeV, with respect to the default lovist- 7 GeV due to a better rejection
of Z+jets andtt backgrounds characterized by the negative differences in the nwhbeents in Fig-
ure Figure 4.2.

In light of the previous one-dimensional kinematic cut parameter scarséiaas reasonable given
the increases in the number of events and both local and global signdgamémprove the analysis
sensitivity at low Higgs mass with a different set of kinematic cuts comparectpuhlished analysis.
The suggested new values for three dominant cuts were found k& pe- 50 GeV,R ;) > 15 GeV,
andR3 > 10 GeV. The latter exact values can be fine-adjusted to make the analgdisab-channels
consistent without great impact on the figures stated above.
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Figure 3: Expected number of events (left) for an integrated luminosity @#4'8global (middle) and
local (right) significances as a function of the lower bount¥ie$ (top row), the sub-leading, found in

the first lepton pair (middle row), and tiiRg of the third lepton (bottom row). The bottom part of each

plot gives the relative difference, in percent, with respect to thepuddisimalysis.
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5 Event Selection
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1w 6 Trigger Considerations

17 Contact : S. Rosati
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7 Data based study of the lepton selection criteria

Contact : A. Schaffer

7.1 Efficiency for signal-like leptons

711 Z—ee

712 Z— uu

7.2 Efficiency for background-like leptons
721 Z+e

722 Z+u

13
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8 Background Estimation

Contact: C. Anastopoulos

8.1 Data driven cross-checks of thé& background
8.2 Estimate of theZ + upu background
8.2.1 Efficiency estimation for muons in Jets

The estimation of the reducible backgroun@- pu) + pp is important to determine it’s contribution

to theH — 4u channel. An important step in this estimation process is to determine the effi@éncy
the isolation cuts on the muons. In order to obtain a sample with a greater lestatisfics we selected
events with & that decays into two muons plus an additional muon. The selection @fithperformed

by requiring two opposite sign combined or tagged muons with> 20 GeV and pt, > 10 GeV and

an invariant masMz > 50 GeV. The isolation and impact parameter significance cuts are the same as
those of the baseline selection. The additional muon is allowed to be stamdanfifed or tagged),
standalone or calo. Each of the three categories has itevamdn cuts:

- additional combined or tagged muopy > 5 GeV and|n| < 2.7
- additional standalone muopr > 5 GeV and|n| > 2.5
- additional calo muonpr > 15GeV and|n| < 0.1.

The observed number of events and the escpected number of bawttgreents for the different MC
samples assuming the same integrated luminosity of the data are reported in.TéablEigure 4 the

Sample Z+1 Z+1 Z+1
combined or tagged | standaloneu calou
Events Events Events
YA 33+0.16 4.2+0.055 | 2.9+0.046
Zbb 2539+ 6.9 43+0.89 54+0.31
Zjets 7348+ 66 165+9.9 209+11
tt 966+5.3 84+050 | 3.4+0.32
Wz 195+4.2 9.00+£0.89 | 5.3+0.68
DY 43+21 0 0
Total BKG 11085+ 67 230+10 226+11
Data 12888+ 114 230+ 15 172413

Table 4: Observed number of events and expected number of backlgevents for the different MC
samples assuming the same integrated luminosity of the data.

reconstructed invariant mass of tAeis shown for each MC background and the data, in the case of
events with aZ and an additional combined or tagged muon. In the left plot the MC distribuioss
weighted by the cross sections and normalized to the data luminosity. In thelaghie distributions

of the reconstructed invariant mass of #héor the total MC background and the data are normalized to
1. The shape of the distributions is well described by the MC and the nortiatizgreement in terms

of number of events is better then 15% when the third muon is combined or tagdexyen better in the
other two cases.

To estimate the rejection power of the calorimetric isolation a cut on the traesseesgy inside a cone
with an opening angle of.Q0 around the additional muon divided by its transverse momentum has been
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Figure 4: Reconstructed invariant mass of Zier both MC and data in the case of events with plus
an additional combined or tagged muon. In the left plot the MC distributionsvaighted by the cross
sections and normalized to the data luminosity. In the right plot the same distribatiemormalized to
1.

applied. The distributions of the calorimetric isolation variaBi@onezo/ pr for the additional muon are
shown in Figure 5 for the case of a combined or tagged muon and in Figoreagtandalone (left plot)
and calo muon (right plot). The number of events Vii{hone2o/ pr < 0.3 and the efficiency of this cut are
listed in Table 5 for all three cases. The normalization agreement is alwttgs than the 17% level while
the efficiencies of this cut for MC and data are compatible. In Figure &Eth@e20/ pr distributions for
the additional combined or tagged muon are weighted by the cross sectbnsramalized to the data
luminosity (left plot) and normalized to 1 (right plot). The normalized plot shtives the shape of the
data and MC distribution are in a quite good agreement. When the third muon iglalstaamuon an
additional tighter cut has also been applied and the efficiency for thetis@l&g cone2o/ P < 0.15 has
been estimated (see Table 6). Data and MC for both normalization and efficiemin agreement.
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Figure 5: Distributions of the calorimetric isolation varialte.one2o/ pr for the additional muon in the
case of a combined or tagged muon when MC backgrounds are normalitteditdegrated luminosity
of the data (left plot) and when MC and data are normalized to 1 (right plot).

A selection on the track isolation has been applied with a cut on the transwersentum inside

a cone with an opening angle of2D around the additional muon divided by its transverse momentum.
The distributions of theyrconepo for the additional muon are shown in Figure 7 for a combined or tagged
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Figure 6: Distributions of the calorimetric isolation varialteone2o/ pr for the additional muon in the
case of a standalone (left plot) and a calo muon (right plot).

Sample Z+1 Z+1 Z+1
combined or tagged standalongu calou
Events | Efficiency (%) Events | Efficiency (%) Events | Efficiency (%)
zZ 32+0.15 979+25 | 4.11+0.05 99+5 2.87+0.05 99+4
Zbb 1331+5 524+0.7 26.7+0.7 62+6 404+0.3 74+ 16
Zjets 3232+44 | 440+04 1234+9 75+3 25+2 122+8
tt 208+ 3 215+0.6 34+0.3 41411 21+0.2 61421
wz 173+4 883+22 8.4+0.9 93+8 7+2 93+10
DY 43+21 0 0
Total BKG | 4980+44 | 449+0.3 166+9 72+3 136+9 60+ 3
Data 6025+78| 46.7+0.3 167+ 13 73+3 90+9 52+3

Table 5: Observed number of events and expected number of baokigevents for the different MC
samples assuming the same integrated luminosity of the data and redgtigingo/ pr < 0.3.

muon (left plot) and for a calo muon (right plot). The number of events witlane20/ pr < 0.15 and the
efficiency of this cut are listed in Table 7 for the two cases of an additicsrabined or tagged muon
and an additional calo muon. The normalization agreement is always betightéha5% level while the
efficiencies for MC and data are compatible.
To estimate the rejection power of the impact parameter significance selectitroa the impact
parameter significance has been applied. The distributions of the impantgt@r significancey/o(dp)
for the additional muon are shown in Figure 8 for a combined or tagged mubpl@® and for a calo
muon (right plot). The number of events with/o(dy) < 3.5 and the efficiency of this cut are listed in
Table 8 for the case of a combined or tagged muon and for the case of mwaio The normalization
agreement is always better than the 15% level, while the efficiencies fornd@ata are compatible.
The observed number of events, the expected number of backgreantseand the efficiencies
considering the combined effect of the two isolation cuts and the impact ptasmgnificance cut for
the different MC backgrounds and the data in the caseZopls an additional muon are listed in Table
9 for a combined or tagged additional muon, Table 10 for a standalone mdofahfe 11 for a calo

muon.
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Sample Z+1
standalongu
Events | Efficiency (%)

Y4 4.04+0.05 97+8

Zbb 20.2+0.6 47+5

Zjets 104+8 63+3

tt 22+0.2 26+8

wz 8.2+0.8 91+9
DY 0

Total BKG | 139+8 60+ 2

Data 139+12 60+ 2

Table 6: Observed number of events and expected number of baokigevents for the different MC
samples assuming the same integrated luminosity of the data and redgtigingo/ pr < 0.15.
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Figure 7: Distribution of the transverse momentum inside a cone with an opanglg of 020 around
the additional muonpreonezo, in the case of a combined or tagged additional muon (left plot) and a calo
additional muon (right plot).

1 8.3  Estimate of theZ + ee background
» 8.4 Data driven cross-checks of the QCD background

3 8.5 Background shapes
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Sample Z+1 Z+1
combined or tagged calou
Events | Efficiency (%) Events | Efficiency (%)
77 321+0.2 98+3 2.86+0.05 99+6
Zbb 962+4 3791406 26+0.2 48+ 15
Zjets 2587+ 39 352+0.3 78+7 37+£2
tt 137+2.0 141+04 0.8+0.2 24+11
wz 4.8+0.6 90+12
DY 4+2 86+ 15 0
Total BKG | 3893+40 351+0.3 89+7 39+2
Data 4593+ 68 356+0.3 65+8 38+2

18

Table 7: Observed number of events and expected number of backigevents for the different MC
samples assuming the same integrated luminosity of the data and requigiago/ pr < 0.15.
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Figure 8: Distributions of the impact parameter significadggo (dy) for an additional combined or
tagged muon (left plot) and for a calo muon (right plot).

Sample Z+1 Z+1
combined or taggegd calou
Events | Efficiency (%) Events | Efficiency (%)
ZZ 29.3+0.2 89+5 2.86+0.05 99+6
Zbb 1232+5 485+0.7 3.6+0.2 66+ 17
Zjets 6051+ 60 824+0.4 199+11 95+1
tt 410+3 42+1 22402 63+21
wz 186+ 4 95+2 52+0.7 98+6
DY 442 1000+0.5 0
Total BKG | 7913460 714+04 213+11 94+2
Data 9282+ 96 720+0.3 163+13 95+2

Table 8: Observed number of events and expected number of signdlagkdround events for the
different MC samples assuming the same integrated luminosity of the data athgd,/ o (do) < 3.5.
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Sample Z+1
combined or tagged
Events | Efficiency (%) | Rejection (%)

zZ 284+0.1 86+6 14+2
Zbb 461+3 182+0.3 81.8+0.7
Zjets 1654+ 31 225+0.2 775+0.4
tt 590+1 6.1+0.2 939+0.7

wz 163+4 84+2 16+1

DY 442 86+ 15 14+6
Total BKG | 2369+ 32 214+0.2 786+0.3
Data 2935+ 54 228+0.2 77.2+0.3

Table 9: Observed number of events and expected number of baokigements for the different
MC samples assuming the same integrated luminosity of the data and redttidgeo/pr < 0.3,
Preone20/ Pt < 0.15,dy/0(dp) < 3.5 in the case of a combined or tagged muon.

Sample Z+1
standalongu
Events | Efficiency (%) | Rejection (%)
ZZ 4.10+0.05 98+6 15+07
Zbb 26.1+0.7 60+ 6 40+5
Zjets 114+8 69+3 31+2
tt 3.3+0.3 40+ 11 60+ 13
Wz 8.4+0.9 93+8 7+2
DY 0
Total BKG | 156+8 68+ 3 32+2
Data 159+ 13 69+ 3 31+2

Table 10: Observed number of events and expected number of backigavents for the different
MC samples assuming the same integrated luminosity of the data and redtjeigo/pr < 0.15,
Preone20/ Pt < 0.15,dp/0(dp) < 3.5 in the case of a standalone muon.

Sample Z+1
calou
Events | Efficiency (%) | Rejection (%)
zz 2.80+0.05 97+10 3+2
Zbb 2.0+0.2 38+13 62+ 17
Zjets 57+6 27+2 73+3
tt 0.6+0.1 19+9 81+19
Wz 4.6+0.6 87+14 13+5
DY 0
Total BKG 67+6 2942 71+3
Data 48+7 28+2 72+3

Table 11: Observed number of events and expected number of baockigevents for the different
MC samples assuming the same integrated luminosity of the data and redeidmgo/pr < 0.3,
Preone20/ P1 < 0.15,dy/0(do) < 3.5 in the case of a standalon muon.
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9 Results of Event Selection

20



May 9, 2012 - 09:24

» 10 Systematic Uncertainties

»6 Contact : J. Hoffman

21



May 9, 2012 — 09 : 24

» 11 Exlusion limits and p-values

»s Contact: L. Flores

22



259

May 9, 2012 - 09:24

12 Conclusions

23



«» Appendices

24



