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1 Introduction

The searches for the Higgs boson and SUSY signatures at tlereldy very much on the identification of
leptons in the final state. A number of methods to identifjets, i.e. hadronic decays of thelepton, used in
CMS are described. The methods are basedmoperties such as its long lifetime, its mass and the smatier

of charged decay products. Usage of these methods in diffemmbinations depends on the physics channel
considered. The-jet identification requires an isolated and collimatedjeide of charged particles reconstructed
with the tracker; the identification can be improved combining this isolatiortenium with other algorithms.

In the following, the basic properties ofrajet are presented in Section 2. In Section 3 the off-lineaigoh and

the other tagging methods are discussed. The impact pararfligtht-path and mass tagging are intended to be
applied after isolation and so their performances have beemputed over a preselected sample of isolated jets. In
Section 4 the High Level Trigger chain is presented and d@ised. In Section 5 the calibration of the energy of the

T jetis discussed and the basic ideas on how to estimate thmtpglgorithms performances are presented.

2 Tau properties relevant to jet reconstruction and identification

Ther lepton decays hadronically 65% of the time, producingjet, which is a jet-like cluster in the calorimeter
containing a relatively small number of charged and neti@akrons. When thpr of the 7 jet is large compared
to ther mass, these hadrons have relatively small momentum in #reeggtansverse to thejet axis. In 77% of
hadronicr decays, the jet consists of only one charged hadron and a numbe?f®fone-prong decays). Because
of these features hadronicdecays produce narrow jets in the calorimeter.

Figure 1 shows the ratio= E:°/E}IC as a function of the reconstruction cone size for three biris}§”. The
Efe<° is the transverse energy reconstructed in the caloriméteram iterative cone algorithm, while tH&}!¢ is
the Monte Carlo (MC) generated transverse energy. Thehblés on calorimeter towers, input to the jet finder,
were set a¥ir=0.5 GeV and2=0.8 GeV. The values afin Fig. 1 were normalized to the value obtained with a
cone size of 0.6. Figure 2 shows the transverse energy tesohf ther jet as a function of the reconstruction
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Figure 1: Distribution of the ratio r £55°°/EY!C as a function of the reconstruction cone size for the thras bi
EY€. The values of r were normalized to the r for a cone size of 0.6.

cone size for the three different bins B}C. From Fig. 1 a cone size of 0.4 ferjet reconstruction with the
calorimeter was chosen since it contains a large fractidh@f-jet energy (more that 98 %) and the cone size
smaller than 0.4 leads to a degradation oftket energy resolution as can be seen from Fig. 2. A largee stre

can lead to a contamination from other jets in multi-jet eégefrigure 3 shows the differencedn(left plot) and

in n (right plot) between the jet-direction of the truget and ther jet reconstructed with the calorimeter, for the
three intervals of the true-jet energy. The charge of thelepton is positive in these event samples. The 4 Tesla
magnetic field leads to a systematic shiftoD.02 rad in the reconstructedet direction ing for 7 jets with Er
between 40 and 60 GeV. The shift is reduced for the jets witleldl+. The resolution im is slightly worse than

in ¢ and does not depend &ir- between 40 and 250 GeV.
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Figure 2: Transverse energy resolutionrget as a function of the reconstruction cone size for theetlnias of
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Figure 3: Distribution of the difference in (left plot) and inn (right plot) between the true jet direction and
the jet directionreconstructed with the calorimeter fa three different intervals of the truejet energy. The
lepton has a positive charge in these event samples.

The 7 jet-identification requires a matching between the caletenjet axis and the charged particles from the
hadronicr decays measured with the tracker. Figure 4 shows the destsaRdn n— ¢ space between the direction
of the leadingpr track at the origin, reconstructed with the tracker, anddinection of ther jet reconstructed
with the calorimeter for three bins of the traget transverse energyy'“. A cut of 3 GeVt was applied on the
pr of the leading track. Both, the one and the three-prongétbharged particles in the decay productjecays
are included. The value @R does not exceed 0.1 for the rangef3f€ considered.

In the case of hadronie decays with three charged particles in the final state, tteetparticles are produced
within a narrow cone. Figure 5 shows the maximal distafséein n — ¢ space between the leadipg charged
particle and other two charged particles in the three-protgcays for three bins of the traget transverse energy
EY€.

The 7-lepton lifetime ¢r=87.11um) and the massn{,=1.78 GeV¢?) were used for the jet tagging with the
track impact parameter measurement, vertex reconstrudtiothree-prong decays) and constraining the effective
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Figure 4: Distribution of the distancé&R, in n — ¢ space between the leadipg track reconstructed with the
tracker and the direction of thejet reconstructed with the calorimeter for three bins oftthie 7-jet transverse
energyEY“. The cut of 3 GeW was applied on the of the leading track. Both, the one and the three-prong
decays are taken into account.
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Figure 5: Maximal distanc&R in  — ¢ space between the leadipg charged particle and other two charged
particles in the three-prongdecays for three bins of the truejet transverse enerdy™“.

mass of track(s) and calorimeter clusters.

3 Methods for 7 tagging and performance

All the efficiencies shown in these sections are relativesemis passing a MC preselection, which consists of the
matching of reconstructed jets with the jets reconstruetettie generator level. The performanceretagging
methods was evaluated for the sample of pujets with transverse momentqm@Jet > 30 GeVE and distributed
uniformly in pseudorapidity, up tp)| <2.2, andp. This sample has been simulated without the pile-up andrihe u
derlying event. The background rejection were computedsangple of di-jet events generated with PYTHIA [1]
(MSEL=1) (QCD jets) with transverse energy between 30 arftdi@&V. The two leadindsr Monte Carlo jets in
the di-jet sample were required to be separategdnspace by the distance &fR >1.5, and to be reconstructed
inside|n| < 2.1. These two jets were propagated throughrthidentification criteria. The-tagging performance
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was evaluated as a function of the true transverse erig¥gy and the pseudorapidity of the jet. The truget
transverse energy is defined as the energy of-tlepton without neutrino energy in the decay— hadrons+wv.

The true energy of the QCD jet is the energy of the Monte Catléogund using the cone algorithm with the cone
size of 0.5. The cone algorithm uses the Monte Carlo stalbstecjees, excluding neutrinos and muons, as an input.
The efficiency for the QCD events, to pass the Monte Carlogheeson and the matching criteria was found to be
of order of 12%. In the following sections (apart from the t8®@t4) the efficiency are computed on these matched
jets events, and they don't include the matching and préselefficiency.

3.1 Isolation in the Electromagnetic calorimeter

Hadronicr decays produce localized energy deposit in the electroatagralorimeter (ECAL). Several variables
were tried to quantify this feature and to use it fotagging and QCD-jet rejection [2]. The electromagnetic
isolation parametéP;,, defined as

1sol Z ET - Z ET (1)

AR<0.40 AR<O0.13

was found to provide the best efficiency for hadronic jetafm. The sums run over transverse energy deposits in
the electromagnetic calorimeter, aA® is the distance im —  space from the reconstructedet axis. Jets with
Pisol < P{ are considered ascandidates. More information about the choice of this \aeiand the parameters
can be found in Refs [3] and [4].

Figure 6 shows the efficiency of the ECAL isolation fojets as a function oEY:© (left plot) and|n™C| (right
plot) for PS = 5 GeV. The efficiency is shown separately for four final statehadronic decays of thelepton.
Only a small & 5 %) variation withE}!© is observed over a large region of transverse energies fecm300 GeV.
The variation in pseudorapidity fardecays witht®’s in the final state follows the variation of the amount of the
tracker material in front of the ECAL. This correlation isalo electrons and positrons from photon conversionsin
the tracker material contaminating the ECAL isolation oeegiFigure 7 shows the efficiency of the electromagnetic
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Figure 6: Efficiency of the ECAL isolation for jets as a function oE}!C (left plot) and|n™¢| (right plot) for
pcut = 5 GeV. The efficiency is shown separately for several firwkstof hadronic decays oflepton.

isol

isolation forr jets and QCD jets in several bins of the true transverse gengn the value oP{"! is varied. The
ECAL isolation can provide a rejection facter5 against larg&r QCD jets ¢~ 80 GeV) with the efficiency better
than 80%. The efficiency for QCD jets decreases with incngglsi: of the jet. The explanation for this behaviour
is that low energy charged particlesr(p< 2 GeV/c) are bend out of the 0.4 cone and so don't contributbeo

energy sum in the;R,; formula [5].
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Figure 7: Efficiency of the electromagnetic isolationfgets and QCD jets in the several bins of the true transverse
energy when the value @ is varied.

isol
3.2 Tracker Isolation

The principle ofr-jet identification using the tracker isolation is shown iig.F8. The direction of the jet is
defined by the axis of the calorimeter jet. The tracks aboteeshold ofpf and in a matching cone of radiis,
around the calorimeter jet direction are considered in #aech for signal tracks. The leading track, (in Fig. 8)

is defined as the track with the highest. Any other track in the narrow signal cofg aroundtr; and with
z-impact parameter,, close to the z-impact parameter of the leading trdfk(|z:, — z¥| < Az) is assumed
to come from ther decay. Tracks withz;, — z{“ﬂ smaller than a given cut-offYz;,) and transverse momentum
above a threshold qfiT are then reconstructed inside a larger cone of thel$jzé¢f no tracks are found in thi;
cone, except for the ones which are already inRheone, the isolation criteria is fulfilled.

T-jet axis

r, A

signal cone R g

Figure 8: Sketch of the basic principle pfet identification using the tracker isolation.

Figure 9 shows the tracker isolation efficiency for thiets (left plot) and QCD jets (right plot) as a function of the
isolation coneR; for two values of the signal cong;=0.07 andR;=0.04. 50-70 and 30-50 GeV. The remaining
tracker isolation parameters arB;,=0.1, pi.=1 GeVk, Az,=2 mm. The leading trackr was required to be
greater than 6 GeV/ Tracks were reconstructed with the combinatorial traclidimalgorithm [8] requiring at
least 8 hits per track and the normalizetd <10, with at least two reconstructed hits inside the pixetdetr. Jets
were reconstructed in the calorimeter with the iterativeecalgorithm taking a cone size of 0.4. The reconstructed
QCD jets should match the two leadifigz Monte Carlo jets. The matching criteria requires that thetadice
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Figure 9: Tracker isolation efficiency for thgets (left plot) and QCD jets (right plot) as a function of fkelation
coneR; for two values of the signal cone=0.07 (full symbols) and®ks=0.04 (open symbols). In the order of
the decreasing efficiency the symbols correspondsit§ bins of 130-150, 80-110, 50-70 and 30-50 GeV. The
remaining tracker isolation parameters afg;=0.1, piTzl GeVk, Az, =2 mm and the leading tragkr > 6
GeVi/c. The efficiency has been computed after the MC preselectidmaatching.

between the reconstructed and the Monte Carlo jet axis imthespace should be less than 0.2. The tracker
isolation can provide a rejection factor of more than 10 asta@CD jets with an efficiency far jets above 70%.
Inefficiencies for every step in the tracker isolation aitjon are presented in Table 1 for thgets in two bins of
EY€, 30-50 and 130-150 GeV (a closer view of the isolation fezgwan be found in Section 4.2).

El}w, >1 track leading track with isolation | isolation | Total ineff. for
GeV in the isolation ring| pr > 6 GeVk, R,,=0.1 | R;=0.07 | R;=0.04 R,=0.04
30-50 7.7% 10.2% 5.2% 14.2% 32.1%
130-150 4.8% 2.6% 1.0% 2.5% 9.9%

Table 1: Inefficiencies for every step of the tracker isolatalgorithm for ther jets in two bins ofEY'“, 30-50
and 130-150 GeV. The isolation ring is defined as the ring betwthe signal and the isolation cone. The MC
preselection and matching have been applied before thatimol

The hadronie- decay products consist mainly of one or three charged pest{one and three-prong) in the final
state. The one-prong decays represef’ % of all hadronic decay modes of théepton. Therefore, the tracker
isolation requirement can be naturally followed by the iegaent to have only one or three reconstructed tracks
in the signal cone. Table 2 shows the efficiency of the trackting requirement for and QCD jets in four bins

of El}/IC. The sizes of the isolation and the signal cones were fixdtit6.4 andR;=0.07. It can be concluded
that the track counting criteria do not improve the suppossagainst QCD jets for events which pass the tracker
isolation. To further suppress lowrEQCD jets, a strong cut on therpof the leading track can be used. In the
analysis of the H/A~ 77 channel [9] a cut of 40 GeV/c was used to efficiently reduceQfi® background.

A number of tagging methods which can be applied after thiatism criteria are discussed in the following
subsections. The events are preselected with the traciation with the following parameter®,,=0.1,R;=0.07,
R;=0.4,pi; = 1 GeVk andAz;,=2 mm. Only one or three tracks were required in the signat@omd the leading
track pr was required to be greater than 6 GeV/

3.3 Tagging with the impact parameter

The impact parameter (IP) tagging is based on the leadink trithe jet. Figure 10 shows the unsigned transverse
IP (IP7) distributions for ther and QCD jets with one or three reconstructed tracks. Thentedt plot shows a
large tail for the background sample with one reconstruttezk. Looking at the Monte Carlo (MC) information
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QCD jets;EY“, GeV | 30-50] 50-70| 80-110] 130-150
1 track 63% | 72% | 69% 60 %
3 tracks 7 % 9% 9% 13 %
1 or 3 tracks 70% | 81% | 78% 73 %
7 jets; EXC, GeV 30-50| 50-70| 80-110| 130-150
1 track 81% | 77% | 71% 70 %
3 tracks 10% | 16% | 16% 20 %
1 or 3 tracks 91% | 93% | 87 % 90 %

Table 2: Efficiency of the track counting requirementfaand QCD jets in four bins df}{C.

reveals, that most of the tracks in the tail are made up ofdgitsnging to different MC tracks, of which only this
mixed track survives the track reconstruction. The traokbeé tail have thus a higher fake hit rate than the tracks
within the peak region.

Figure 11 shows that the tail are due to jets that are mostliteirin the forward direction. By determining the
MC track, to which most of the reconstructed hits are assedjat is possible to look for the region, in which the
track reconstruction jumps from this most popular MC trazlamother track. The middle and rightmost plots of
Fig. 11 show, that for the tail events most of these jumps oide the pixel detector or between the pixel and
strip detectors. Due to the larggthe distance between the two consecutive hits, where thp pccurs, is fairly
large. The probability to assign wrong hits to the track isstincreased by the long propagation distance in the
track building. The amount of events in the tail is increasétth EY', because the track multiplicity increases
with EY* and thus also increases the probability to assign fakedntteettrack.

The middle and rightmost plots of Figure 10 show that thedail be cut away with minor losses on the signal
events by placing an upper limit cut atdR< 300 pm. Additionally, a lower limit cut on IR can be set to further
increase background rejection. A cut on the IP sign was atljdiut since almost half of the signal events would
have been assigned a minus sign, it would have cut away tog sigimal events.
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Figure 10: Transverse unsigned IP distribution foend QCD jets with one or three reconstructed tracks. The
middle plot is the same as the left plot, but with enlargedesicaX axis. The histograms have been normalized to
unity.

The error of the IR is somewhat larger for the background than for the signattsvd he mean error is 15,m
and 16.7um for one-prong and three-prong signal events and Afh @&nd 22.2um for one-prong and three-prong
background events, respectively. The mean error on théMud 58.3um and 56.6um for one-prong and three-
prong signal events and 75.m and 60.4um for one-prong and three-prong background events, regphct

Figure 12 shows efficiency curves, for jets with one recartséd track, for several lower limit cuts on theflBnd

IP significance and by requiring upper limit cuts offlR: 300 pum for the transverse and 4P1 mm for the full
significance plots. Since most of the background rejecgaroiming from the rejection of the tail events, the two
curves are very similar. Figure 13 shows the same efficienoyes for the case, where the data samples have been
additionally cleaned by requiring)g;, < 10 for the estimates of the two first hits of a track prior to thigcéncy
calculation. For jets with three reconstructed tracks)Ehdistributions are so similar for theand QCD samples,
that the background efficiency is about 81-88 % and the sigfffialency is 95 %.
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Figure 12: Signal and background efficiency curves for fetiE}! bins based on a lower limit cut on the unsigned
IPr significance (left) and the unsigned full IP significancglft) with upper limit cuts of IR < 300 um and
IP< 1 mm, respectively. The efficiency has been computed aftengapplied the MC preselection and matching,
and the tracker isolation.
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Figure 13: Signal and background efficiency curves for diffet jet E'“ bins based on a lower limit cut on the
unsigned IR significance (left) and the unsigned full IP significancelft). In addition to the track quality cuts,
Xii; < 10andx?,, < 10 were required before the efficiency curves. The upper linitof [Pt < 300 ym and
IP< 1 mm, respectively, is included in the efficiency. The efficiginas been computed after having applied the
MC preselection and matching, and the tracker isolation.

3.4 Tagging with flight-path

The lifetime of ther lepton ¢7=87.11.m) allows for the reconstruction of the decay vertex for theeé and
five-prong decay separated from the primary vertex. Thed@weoff on the flight-path as a distance between the
primary vertex and the decay vertexofepton is used for the tagging. The tracks in the signal cone are used
as an input for the vertex fitter. Table 3 shows the fraction jts with a certain number of reconstructed tracks
in the signal cone for one, three and five-prandecays. The proportion of three-prong and five-prerdgcays

of 7 jets that have passed jet isolation is 23.9 % and 0.3 %, régplyc Due to this low statistics, the five-prong
decays are discarded and three reconstructed tracks alieackop the signal cone.

1 track 2 tracks 3 tracks > 3 tracks
1l-prongr | 88.4+03%| 6.1+0.1% | 41+01% | 1.4+ 0.1%
3-prongr | 8.6+0.1% | 16.1+0.2% | 63.2+0.4% | 12.1+0.2%
5-prongr | 13.1+1.7% | 44+1.0% | 11.7+1.7% | 70.9+ 4.1 %

Table 3: Fraction of- leptons with a certain number of the reconstructed trackiersignal cone for one, three
and five-prong decay.

For three-prong decays the probability to reconstruct three tracks in thealicone was found to be 63 %.
3.4.1 Secondary vertex resolution

The secondary vertex (SV) was fitted using the Kalman vertéer filKVF), adaptive vertex fitter (AVF) and
principal vertex fitter (PVF). Figures 14 and 15 show the S¥ideals and pulls for the and > coordinates,
respectively, for the signal sample. A double gaussian fitsied to estimate the central and tail parts of the
distributions. The central part of the residual and pull8 m and 1.1, respectively, independent of the vertex
fitter used. The tails in the residual plots are coming pradantly from events, where two of the tracks are very
close to each other.

In the plane transverse to thegjet axis, the resolution,.,sverse Of the secondary vertex is between 18 and 25
pm and does not depend too much on thenergy forE}C between 30 and 300 GeV as seen in Figure 16. The
resolution in the direction parallel to thget axis @iongitudinal) depends on the jér due to kinematics as shown

in the right plot of Figure 16. The resolution is changed frod® xm to ~ 1.5 mm when transversejet energy

is increased from 30 to 250 GeV. The three different verteartdeliver almost equal performance for both the
transverse and longitudinal resolutions.
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Figure 14: Residual (top) and pull (bottom) of the secondaryex x-coordinate for the KF, AV and PV Fitters.
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Figure 15: Residual (top) and pull (bottom) of the secondaryex z-coordinate for the KF, AV and PV Fitters.
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Figure 16: Rresolution of the central gaussian of the seagneertex projected transversettget axis (left) and
parallel tor jet axis (right) for the different vertex fitters.

3.4.2 Background rejection based on flight-path

The reconstruction of the SV for thejets poses a challenge, because the tracks are very catinrathe pixel
layers. The fraction of jets with EY® < 150 GeV and with at least two shared hits in the reconstructezksra
are 22.8% and 9.6%, respectively, which can lead to a recanistn of fake secondary vertices. The left plot on
Figure 17 shows the reconstructed transverse flight-patheof lepton for two intervals of the true transverse
energyEY© <150 GeV andEY'“ between 150 and 420 GeV. The fake secondary vertices reaotest in the
location of the first and the second barrel layers of the Riedéctor are visible as bumpsat40 mm and 70
mm. The contamination of the fake vertices is larger for mavergeticr jets since the charged particles are more
collimated. The three charged patrticles from the Highr jets can produce overlapping clusters in the pixel layer,
thus leading to the reconstruction of one hit for all threels, which forces the vertex fitter to reconstruct the
vertex position in the location of the pixel layer.

The right plot on Fig. 17 shows the reconstructed trans\fégse-path for the QCD jets generated with between

80 and 120 GeV. The jets were required to pass the trackatisoland to have three reconstructed tracks in the
signal cone. The fake vertices produce a bumg &0 mm in the location of the first barrel pixel layer and the
tail. Even for the most dangerous QGI? bin, the jet isolation criteria and the request for threeorstructed
tracks kill most of the background coming from QCD jets camiteg b and ¢ quarks, which can produBeand D
mesons with a non-zero flight-path length. A contributiconfrc- and b-quark jets in the sample is also shown in
Fig. 17. Almost no difference is visible between the disttibns for the the light and heavy quarks. The content
of c and b jets is presented in the Table 4 for four intervalBYf .

Er bin, GeV | fraction of c jets, %| fraction of b jets, %
30-50 131+ 2.1 3.1+1.0
50-70 12.3+1.6 44+1.0
80-110 134+ 1.4 2.7+0.6
130-150 12.4+1.9 3.0+ 1.0

Table 4: Fraction of the ¢ and b jet in QCD jets in four bind2§f© after the tracker isolation and the requirement
to have three reconstructed tracks in the signal cone.

The primary vertex position in thecoordinate was found with the pixel vertex finder for the QCDitirjet events.
For singler jets the Monte Carlo primary vertex position in z coordinates smeared with a resolution of gén.
It was found that the error in the flight-path is completelyrdioated by the secondary vertex resolution.

The performance of the-jet tagging with the flight-path was evaluated using Kalmvantex fitter. Since the
background rejection is based on a cut on the flight-pathtteagon the flight-path significance, the large tail
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Figure 17: Signed transverse flight-path for(left) and QCD (right) jets passed the tracker isolation.reEh
reconstructed tracks was required to be in the signal come détailed explanation can be found in the text.

in the background distribution reduces the rejection efficy. The upper cut of 35 mm on the transverse flight
path was used to remove a part of the fake vertices. The effigief this cut is included in the performance
plots. Additionally, a minus sign is assigned to the flightiplength and flight-path significance, if the SV is
reconstructed behind the primary vertex compared to thenstoucted jet axis. Figures 18 shows the rejection
efficiency based on the signed transverse fligh-path lengtlsigned transverse flight-path significance for several
bins of E}'“. It can be concluded that a rejection factor of 5 can be aeklivith the efficiency of 70-80 % for
jets Er between 30 and 150 GeV.
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Figure 18: Background rejection efficiency based on a cutherstgned transverse flight-path (left) and on the
signed transverse flight-path significance (right) for fB§“ bins. The efficiency has been computed after apply-
ing MC preselection and matching and after the tracker fgola

3.5 Tagging with theT mass reconstruction
In this section the-tagging method using the constraint on the reconstructessof the- jet, M ;, is discussed.

After the tracker isolation the-jet mass is reconstructed from the momentum of the tracktseisignal cone and
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the energy of the clusters in the electromagnetic caloemetthin a certain cone in thg-p space around the
calorimeter jet axis.

Figure 19 shows the scatter plots of the transverse enerthedalectromagnetic cluster&$™”, and the distance
ARt in then-¢ space between the calorimeter jet axis and the clusterbdor jets (left plot) and the QCD jets
with EM© between 30 and 150 GeV (right plot). TAR;., andES™ are strongly correlated, a constraint on one

0.2k
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Figure 19: Scatter plots of the transverse energy of therel@agnetic clusterd)", and the distancéR;e in
then-p space between the calorimeter jet axis and the clusterhdorjets (left plot) and for the QCD jet8}{
between 30 and 150 GeV (right plot).

variable would naturally restrict the other one. The cliséee closer to the jet axis for thgets than for the QCD
jets and for bothr and the QCD jets the energetic clusters vlitfi* > 10 GeV are located mostly within the cone
of the size 0.1 around the calorimeter jet axis. The conedfife4 was found to be the optimal for thetagging
performance. A smaller cone size reduces the capabilitystinduish ther and the QCD jets with the constraint
on theM j¢; value.

The M- ;¢ calculated from the tracks in the signal cone and from thetets withAR;.; < 0.4 shows a very
broad distribution with the long tail as shown in Fig. 20. il is due to double counting, when the clusters in
the ECAL produced by the charged particles are taken ilvhe., calculation. These clusters are rejected with
a requirement on a track-cluster matching. The clustegrtdlr the mass calculation, must be separated from
the track impact point on the ECAL surface by the distafd&,,..x >0.08. The improvement in thel- ;.. the
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0

Figure 20: M; je distribution forr jets when all clusters witl\R;.; < 0.4 are taken (dashed line) and when
clusters not matched with trackAR..cc >0.08) are used (solid line).
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distribution is shown in Fig. 20. There is a large peak at zafoe ofM ;.. due to the single track events with no
ECAL clusters satisfying the constraints &R ;e andARyrack-

The distributions for differenE}!C bins of 7 and QCD jets are shown in Fig. 21 and Fig. 22. The selection
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Figure 21: Distribution folM.. ;.; of 7 jets (solid line) and QCD jets (dashed line) in ¥ bins of 30-50 GeV
(left plot) and 50-70 GeV (right plot).
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Figure 22: Distribution fobL, ;. of 7 jets (solid line) and QCD jets (dashed line) in ¥ bins of 80-110 GeV
(left plot) and 130-150 GeV (right plot).

efficiency of the cutM, ;o < 2.5 GeV is shown in Table 5 for and QCD jets in three intervals ﬁf¥c. The
efficiency for ther jets depends only slightly on the jét;, while there is a strong dependence for QCD jets
leading to a better rejection factor for the largar jets.

3.6 Rejection of electrons

A genuine electron passes throw all théagging criteria described above, except the impact paemtegging
when the electron originates from the primary signal verf&xo methods providing similar performance were
tested to suppress the electrojet miss-identification rate in off-line analysis. In thesfimethod the elec-
tron rejection is done using a lower cut-off on the transyersergy of the maximdir Hadron Calorimeter
(HCAL) tower belonging to the reconstructed jet. In the setmethod a lower cut-off was applied on the value of
Ehadr /pltr whereER2d! is the transverse energy of théet measured in the HCAL only angl” is the transverse
momentum of the leading track measured in the tracker. Ifidli@ving the first method is presented. Figure 23
shows the transverse energy of the maximaHECAL tower for an electron witlp+=35 GeVt reconstructed as
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EMC bins, GeV 30-50 | 50-70 | 80-110| 130-150
Eff. for 7 jets, % 86.32 | 82.27| 83.02 | 80.76
Eff. for QCD jets, %| 33.67 | 19.16| 6.05 2.47

Table 5: Selection efficiency of the cM, jo; < 2.5 GeVE? for the T and the QCD jets for different intervals
of E}C. The efficiency has been computed after having applied thepkéGelection and matching and after the
tracker isolation.

a jet and forr jets in two ranges of the truejet transverse energy, 40-60 GeV and 100-140 GeV. A cut en th
measured transverse momentum of the leading track im jag p}&* >10 GeVE, was applied. Table 3.6 shows
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Figure 23: Transverse energy of the maxirfial HCAL tower belonging to the reconstructed jet. Solid line -
electron ofpr=35 GeVE reconstructed as a jet. Dashed (dotted) linejet in the range true-jet transverse
energy of 40-60 GeV (100-140 GeV). The cut on the measuredisase momentum of the leading track-ifet,
pir >10 GeVE, was applied. All histograms are normalized on one.

the efficiency for two cuts on the transverse energy of theimabHCAL tower belonging to the jet for an electron
of pr=35 GeVE reconstructed as a jet and for-get in two ranges of the true transverse energy of:thet and
with two cuts on the transverse momentum of the leading tiat¢ke = jet. The high & tail for the electron in
Fig. 23 corresponds to electrons going throughithé gaps of the ECAL and barrel / endcap cracks.

cut electron 7 jet ET 40-60 GeV 7 jet Er 100-140 GeV

pr > 10 GeVE | pir > 25 GeVE | pi* > 10 GeVE | plr > 25 GeVE
>1GeV | 0.08 0.936 0.971 0.977 0.991
>2GeV | 0.03 0.854 0.917 0.942 0.969

Table 6: Efficiency of the cut on the transverse energy of th&imal Er HCAL tower for a jet reconstructed
from an electron withp=35 GeVt and for ar jet in two ranges of the true transverse energy and for twe cat
transverse momentum of the leading trapk'{ in 7 jet.

Misidentification between a muon andrget was not considered, since the average energy losseg afitlon
in the calorimeter are an order of a few GeV, therefore wdibhwahe lowestEr threshold forr jet used in the
physics analyses (15-30 GeV).

4 High Level Trigger

4.1 Introduction

The ECAL and tracker isolation are used at the High Leveleig(HLT) [6] for the 7-jet identification. The
performance of the tagging at the HLT was evaluated for the most difficult caseigfering on the decay of the
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MSSM neutral Higgs boson into twoleptons when both’s decay hadronically, thus producing twgets in the
final state. Atthe HLT a double-jet identification is needed to suppress the rate from thgieior double Level 1
T trigger [6]. Table 7 shows the QCD multi-jet background riatkHz at the luminosity of 210*3s~tcm~2 for
the Level 1 single, double, and single or doubkeiggers with the single (double) trigger threshold of 98)(&eV
optimized in Refs. [9] and [6]. The rate is shown for $ix bins of the background between 30 and 300 GeV/
The threepr bins in the interval between 50 and 170 GeYive the dominant¥$ 90 %) contribution to the rate.
Therefore, these three bins are used to evaluate the majdatitor at the HLT with the double-jet tagging. The
signal efficiency of the HLT selections was evaluated for masses of the MSSM neutral Higgs boson: 200 and
500 GeV/? produced in the association witfba quark pair. The presence of b jets in the final state can letito
presence of tracks inside tliget coming from the b quark decays, which can affect the tagperformances. All
the efficiencies presented in this section are given witheaetsto events which pass the Level 1 single or dowble
trigger.

. . Rate, kHz

pr, GeVie | cross section, f singler | doubler | single or double-
30-50 1.56x 10! 0.04 0.08 0.12
50-80 2.09x 10" 0.59 0.70 1.19
80-120 2.94x 107 1.32 0.75 1.65
120-170 5.00x 10° 0.46 0.16 0.48
170-230 1.01x 10° 0.10 0.03 0.10
230-300 2.39x 10° 0.02 0.007 0.021
total rate 2.53 1.73 3.56

Table 7: Rate for the QCD multi-jet background in kHz at a lnagity of 2<10*3s~tcm~2 for the Level 1 single,
double, and single or doubtetriggers with single (double) trigger threshold of 93 (6&\GThe rate is shown for
six pr bins of the background generation.

At the HLT the two jets are reconstructed with the calorimétethe regions given by the first and the second
Level 17 jets. If the second Level 1 jet does not exist in the Global Level 1 calorimeter triggetpait, the jet

is reconstructed in the region of the first Level 1 Centra(tje¢ jets are ordered in transverse energy, so the first
jet means the largestjHet). For the signal events the two jets selected in this wayela good purity, 97 % for
the first and 82 % for the second jet, moreover the purity do¢si@pend on the Higgs boson mass between 200
and 800 GeW?. The other tagging methods previously discussed (tracktimg, impact parameter, flight path,
invariant mass) are not used at the High Level trigger siheégolation alone and the cut on the of the leading
track were proved to be sufficient to reject the QCD backgdadown to the acceptable level.

The next step in the HLT selection is thetagging of the twor jets coming from the H» 77. Two different
approaches are investigated:

e ECAL isolation, followed by the tracker isolation with thatks reconstructed using only the pixel detector.

e Tracker isolation with the regional track reconstructi@ing both the pixel and the silicon tracker layers.

The first approach is fast and gives a good performance as faeasolation algorithm is concerned. Itis therefore
the preferred approach for decays with two taus in the filsaé<tike A /H — 77) where the isolation is sufficient

to reach the required background rejection factor. Thersapproach is slower but gives a more accurate estima-
tion of the track momenta. It is therefore useful in the clesfike charged Higgs boson decay inttepton and
neutrino. The HLT selection for these events requires @largsingEr and the tracker isolation must complete
the selection with a tight cut on the momentum of the leagingrack in the signal cone [6]. More details on the
logic of the trigger system can be foundin [2, 6, 7, 10].

4.2 Ther selection based on ECAL and pixel isolation

The ECAL plus the pixel-track isolation at the HLT is refafi® as the Calo+Pxt trigger. In this approach, the
Level 1 rate is first suppressed with a factor-of3 with the ECAL isolation applied to the first jet. Figure 24
shows the efficiency of the ECAL isolation for the signal and the QCD multi-jet background as a function
of the ECAL isolation parameter ci#. The efficiency is shown for events which pass the Level llsing

ol

doubler trigger. A rejection factor of three can be achieved wif};=5 GeV. The remaining background rate is
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Figure 24: Efficiency of the ECAL isolation at the High Levagger for the signal and for the QCD multi-jet
background as a function of the d@f} on the ECAL isolation parameter.

suppressed with the tracker isolation using the infornmedialy from the Pixel detector. The isolation requirement
is applied to both jets.

With three pixel hits one can reconstruct tracks using tlxelpietector only, such tracks are called pixel-tracks.
The algorithm used to find tracks is explained in detail if[h&re only the most important details are given. Pixel
hit pairs from the first two layers (barrel+barrel or baresiticap) are matchedin- ¢ andz —r planes to establish
track candidates. The cuts are optimized for a minimum trackf 1 GeVie. Valid pixel pairs are matched with

a third pixel hit forming pixel-tracks. The momentum of thiggd-tracks is then reconstructed from the three pixel
hits without the primary vertex constraint. The number d&fpixel-tracks in the isolation cone was found to be
very low (3-4%).

Using pixel-tracks a list of primary vertices is formed at a@ues where several tracks cross the z axis. Only
primary vertices with at least 3 valid tracks are kept andpthsition of each vertex is estimated as the mean value
of the z impact parameters of all tracks assigned to it [11].

Pixel-tracks are then used by the isolation algorithm whiels described in Section 3.2. The leadingtrack
found in the coneR,,=0.1 around the calorimeter jet axis must have a transvesaemtump'™ larger than

3 GeVik. The leading track from the first jet defines the primary vert€his selection is very pure, in 99% of
the cases it corresponds to the position of the true Montéo@artex. All tracks used for the tagging must

be associated with this vertex. In addition, all tracks adered in the selection of the second jet also have to be
associated with the primary vertex used for the first jet.réfoge tracks from other vertices are ignored.

The signal con®, was set to 0.07 and the isolation coRewas varied as a free parameter to adjust the trigger
rate. Figure 25 shows the performance of the Calo+Pxl trigfibe selection efficiency plotted on both axes is
defined relative to the events passing the Level 1 single abléa- trigger. The left plot in Fig. 25 shows the
performance for the trigger for the first jet and the righttgloows the performance of the double jet trigger. The
nine points correspond to a step of 0.5 of the isolation d@nbetween 0.2 and 0.6. The required suppression
of the QCD multi-jet background of abouit0—2 can be achieved witR; between 0.45 and 0.50, with the signal
efficiency of 0.29-0.32.

A similar study was performed in Ref. [6]. The results preéedrthere were obtained under somewhat different
conditions: simpler multiple interaction model in PYTHIdifferent detector simulation model, different strategy
to search for the secondjet candidate after the Level 1 trigger and in particulaxaler electronic noise in the
HCAL. In addition, for the signal events preselection cutha generator level were used. Within these limitations
the agreement is satisfactory. In Fig. 27 all events wersgbeeted (at the generator level) with the selection cuts
used in Ref. [6]. For the Higgs boson wilti;=500 GeV¢? the efficiency for the first jet was found to be 0.68

in Ref. [6] as compared to 0.67 obtained presently at the sadue of R;=0.35. In order to test the Primary
Vertex (PV) requirement the trigger efficiency versus thekigaound rejection without the common PV constraint
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for signal events versus QCD multi-jet events. The effidiesiare shown for two Higgs boson masseslgf=200
and 500 Ge\W”.The isolation cone is varied from 0.2 to 0.6 in steps of 0tB& signal cone is fixed to 0.07, the
matching cone to 0.1 and thea- of the leading tracks is required to exceed 3 GeV/
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Figure 26: Calo+Pxlr efficiency for thel®® 7 jet Figure 27: Calo+Pxt efficiency for thel ** r jet with
without using the primary vertex constraint. The varithe DAQ-TDR MC event preselection. The variable
ableR; is varied from 0.2 to 0.6. R; is varied from 0.2 to 0.5.

is shown in Fig. 26. These results should be compared to thfdsig. 25. Without a PV constraint the efficiency
for the signal increases by few percent due to the primariexeeconstruction inefficiency. However, the PV
constraint becomes very important at high luminositiesremaulti-jet background originating from several pile-
up interactions becomes significant.

In the following paragraphs a closer examination of the €Bld isolation is presented. To better understand the
features of the algorithms two special "signal” Monte Castomples were used. One is the "pure-tau” sample
where only the tracks from the decay of the twis were included in the simulation (Section 1). The second
one is the "pure-tau-PU” sample where in addition the lowihosity pile-up was included. These very “clean”
events are compared to the standard-gpipH/A—bbr7 events used for all the other HLT studies. These genuine
signal events present more complex final states where tfemksthe b jets and from the underlying event can be
mismatched with the tracks coming from the hadronic decéys o

In Fig. 28 the efficiency of the Calo+PxI HLT is shown versus tbolation cone (B for several samples of MC
events. All efficiencies are calculated with respect to thenés which pass the Level 1 trigger. *

For the pure-tau events the efficiency is constant and equgt%. The sources of inefficencies are presented
in Table 4.2. The numbers are fof R 0.35. The label “no tracks in jet cone” means that no pixel tracksewv
found in the jet cone (isolation conesignal cone), which can happen if thget has no charged tracks above the
1 GeVk cut-off or the tracks were lost due to the pixel detectorfineicies. The label “no leading track” means
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Figure 28: Efficiency of the Calo+PxIHLT for the 1°¢ 7 jet versus the size of the isolation cone.

that no track candidate was found above the 3 Geut-off. The label “not isolated” means that tracks werenfu
in the isolation cone. The samples bbH200, bbH500 and bbH8@0the signal samples with respective Higgs
boson masses of 200, 500 and 800 GéVitets reconstructed at the second trigger level are labatie 2 Calo

jets.

Eventtype | No L2 Calojets No tracksinjetcone No leadingtrack Notlsada No PV
pure-tau 2.9% 9.5% 1.2% 0.4% -

pure-tau-PU 5.0% 10.% 2.2% 0.8% -

bbH500 9.0% 7.9% 3.2% 9.3% 4.4%
bbH200 9.4% 7.5% 5.1% 11.% 3.4%
bbH800 9.3% 8.7% 3.2% 9.9% 4.8%
gcd50-80 49% 1.7% 6.1% 36.% 0.3%
qcd80-120 64% 0.8% 3.1% 27.% 0.2%
gcd120-170 75% 0.5% 1.6% 20.% 0.2%

Table 8: Sources of an HLT negative response for differeanetypes with R=0.35 for thel ** 7 jet.

For the pure-tau events with pile-up the efficiency is lov@2%) than for the pure-tau events without pile-up. The
loss of effciency is due to a lower (by about 2%) efficiencyha talorimeter reconstruction at the Level 2 trigger
and a decreasing pixel inefficiency. The presence of pildags not affect significantly the isolation performance.
This fact is visible also in the behaviour of the efficiencyaaiunction R in Fig. 28. All the other MC event
samples of Fig. 28 have been simulated with a low luminosigspp. All the three signal event samples (the three
Higgs boson masses) show a similar behavior. Without usiedPl constraint one gains few percent in efficiency
which reflects the finite PV finding efficiency. The QCD backgrds fall steeply until Rof 0.35-0.40 after which
the rejection gain slows down.

The efficiency of the pure-tau trigger is shown in Fig. 29 toe same MC event samples. The pure-tau events
again do not show much dependence on the isolation conesiztha three signal event samples show similar
behavior. The rejection factor for the QCD events is high tredefore the same distributions are shown again in
a logarithmic scale in Fig. 30. The fluctuations at largeaRe due to the low MC statistics which is also indicated
with the large error bars. The QCD background with lietween 50 and 80 GeV (qcd50-80 sample) is the most
difficult one to reduce and requires & about 0.5 for the 0~3 suppression.

An attempt was made to vary the cut on the et threshold at the second level trigger (L2 Calg)Eor an
additional rejection. Figure 31 shows that a visible baokgd reduction requires a threshold of 50-60 GeV for
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which the signal (especially for the light Higgs) is alsouedd.
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Figure 32: Calo+Pxt efficiency forr jets from bbh500 event sample versus the M@ansverse momentum.

Efficiency is with respect to the events passing the Levelle feaning of the lines is the following: Solid - L2

Calo jet reconstruction efficiency, dashed - L2 Calo jetsamad to MC, dashed-dotted - pixel-tau HLT efficiency,
dotted - pixel-tau matched to MC.

A more detailed study of the efficiencies was done for the liliH&ample. The HLT efficiency versus the pf
the MC 7 is plotted in Fig. 32 . The L2 Calo jet reconstruction effiadgrincreases rapidly above 10 GeV/c and
reaches an almost 100% plateau fgr p 60 GeV. Figure32 shows also that the jet reconstructed ad¢bend
level of the trigger (L2 jets) is well matched\(2<0.5) to the direction of the MG-. About 10% of the jets are not
matching with the true. The efficiency of the pixel HLT selection rises lower wittetpr of the 7 and reaches a
plateau of about 65% at 60 GeV. All thejets passing the pixel trigger match well the M@, which shows that
the pixel-tau HLT has a high purity.

Efficiency
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Efficiency

|
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Figure 33: Comparison of Calo+Pxlefficiencies for various event types versuys (upper figure) and (lower
figure) of the MCr. The events are: pure-tau (solid line), pure-tau-PU (ddstwted line), bbH500 (dashed line)
and bbH200 (dotted line).

The samples for the pure-tau, pure-tau-PU, bbH500 and bbE&0compared in Fig. 33 as a function af gndn

of the MCr. As a function of g a plateau is reached around 60 GeV/c for all the samples. Asdibn ofy the
7 efficiency is flat in rapidity up t@)=2.1 after which the pixel detector loss of coverage is Wsifihe efficiency
is similar for the three Higgs boson masses.
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Figure 34: Efficiency of the Trk-Tau trigger applied to thesfifet (left plot) and to the two jets (right plot) for
signal events versus efficiency for QCD multi-jet backgmbufiwo masses of the Higgs bosdvi;=200 and 500
GeVI/c?, are considered. Isolation cone is varied from 0.2 to 0.46 stieps of 0.05, signal cone is fixed to 0.07,
matching cone to 0.1 and thg- of the leading tracks is required to exceed 6 GeV/

4.3 Ther selection based on silicon tracker isolation

The algorithm described in this paragraph is referred thhagtk-Tau trigger. Due to the time limitation it is not
possible to perform a full tracker reconstruction of the ehevent after the Level 1 Tau trigger. It is possible
however, to read and reconstruct a selected part of theeraelta. The Trk-Tau trigger reconstructs only of tracks
confined in the restricted regions of interest ("regionatking”), defined with a cone around the calorimeter jet
direction. The primary signal vertex needed in the Trk-Tégger is obtained using only the pixel detector in
order to ensure the fast reconstruction. Once the sign@wirfound the regional track reconstruction starts. The
tracker isolation algorithm is then applied using the teaghth the z-impact parameter close to the z position of
the signal vertex.

4.3.1 Trk-Tau trigger performance.

Figure 34 shows the Trk-Tau trigger performance in termesignal versus background efficiency for the events
that have passed the Level 1 single or double Tau trigger.é&fhplot shows the efficiency for the first jet, while
the right plot shows the double jet tagging efficiency. Ttee sif the isolation cong; is varied between 0.2 and
0.45 with a step of 0.05. The matching cone is set to 0.1 ansigimal cone to 0.07. The leading track momentum
pir must exceed 6 GeV/ The rejection factor of- 10° against the QCD multi-jet background can be achieved
with R; around 0.40.

The main difference between the performances of the Trk aadd+®xl| algorithm comes from the better mo-
mentum resolution of the tracks reconstructed using alsailiton tracker layers. The Trk-Tau trigger allows a
stronger cut on the-pof the leading track. The higher resolution and sensitieitythe @ leads to a different
efficiency for the two Higgs boson masses (200 and 500 GgV/c

4.3.2 Comparison with older studies

The main differences between the studies in Ref. [6] andtidiess of this work were mentioned in the previous
chapter. Another source of difference is the new implentemtaf a regional seeding [12] for the track recon-
struction and the primary vertex reconstruction algorithmorder to compare with the results found in Ref. [6],
the same preselections at the generation level for the lssgeatsH/A — 77 — jet jet were appliedrpffjet >

45 GeVE and|n™ i°t| <2.4.

Figure 35 compares the Trk-Tau trigger performance obthiiméhe present study and the studies in the Ref. [6].
The left plot shows the efficiency for the first jet, while thight plot shows the double jet tagging efficiency.
The points correspond to the six values of the isolation ddnleetween 0.2 and 0.45 with the step of 0.05. The
efficiency for the Higgs boson with a mass of 200 G€\ig in good agreement with the results shown in Ref. [6],
while that for the mass of 500 Ged/is ~ 5 % lower. The lower efficiency of the doubfejet tagging can be
explained, in particular, by 8% lower purity of the second jet in the present study. Theat&n factor for the
QCD multi-jet events is compatible, within 1.5 sigma, wiltle results in Ref. [6]. The disagreement with the last
left point (R;=0.45) is due to a too small track reconstruction cone us&®in[6].
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Figure 35: Efficiency of the Trk-Tau trigger applied to thesfifet (left plot) and to the two jets (right plot) for
signal events versus the efficiency for the QCD multi-jetdgaound, using the same preselections for the signal
as in Ref. [6]. Two masses of the Higgs bosdf;=200 and 500 GeV#, are considered. The isolation cone is
varied from 0.2 to 0.45, the signal cone is fixed to 0.07, th&chiag cone to 0.1 and therpof the leading tracks
must exceed 6 GeV/c. The results of Ref.[6] are also showmeplots.

5 Calibration and Tagging Efficiency
5.1 Tau jet energy scale and calibration with calorimeter

The r-jet energy measurement with the calorimeter requireslemahergy corrections than “normal” QCD jets.
The reasons are that, first, the average transverse momeftima charged hadrons is larger, and second, the
fraction of the electromagnetic energy in thget due tor’s is larger. Figure 36 shows thejet energy scale,
the ratio Es / EY'©, as a function of the ¢ and jet pseudorapidity for four final states of hadronic decays
of 7. The jets were reconstructed with the iterative cone allgariwith a cone size of 0.4. The thresholds on
the calorimeter towers were set tg£0.5 GeV and E=0.8 GeV. One can see that#thet formed from the three
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Figure 36: Mean value of the ratigiE°/EY© as a function of the ¥ (left) and~ jet pseudorapidity (right) for
different final states of hadronic decaysraepton.

charged pions has the lowest response in the calorimeteniparison to the jet containing only one charged and
one or two neutral pions for the sam§'€ The drop in the response at the pseudorapidity.4 is due to the
instrumentation gap between the barrel and the end-caproalers.

The energy correction function was obtained from the paterization of the B/ and|»™“| dependence of the
ratio Eg°°/EYIC. Figure 37 shows thEi°/EXC ratio before and after the energy corrections were appliag.
resolution of the transverse energy of thget after energy corrections can be parameterized with duatéoon:

24



A 1-2:' o T A 1-2:"'|"'|"'|"'|"'|"'|"'|"'|"'|"'|"':
2 E i 2 F ]
T_u&.15:— = T_u'i.15:— =
S 11E n"“l<2.2 3 5~ 14F 3
LLosE ER EY©>30 GeV ]
Vv o 3 Vv o 3
(| L TLEL L L RPN Ifeammmmmmmman N Temmmea =
0.95F 2 .
0_9;—_|_|—'_'_'_'_._ E 3 E
0.85F 3 - 2
0.8F solid - before corrections E 0.8 solid - before corrections =
0_755_ dashed - after corrections _ 0.755_ dashed - after corrections _
0.7EI I L1l I L1l I L1l I L1l I T - I 1 E 0.7E IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII E
50 100 150 200 250MC 300 0 02040608 1121416138 ZM%Z
E;, GeV n|

Figure 37: Mean value of the ratioci€°/ E}!“ as a function of the € (left) and T jet pseudorapidity (right)
before and after the energy corrections were applied.

o(ET)/Er = a/E1 & b, where a = 0.883 GeV and b = 0.058 fojets with Epr between 30 and 300 GeV and
pseudorapidity less than 2.2.

The~-plus-jet events where the jet passes-thidentification criteria and thus becomes-tike jet can be used to
setup the initial--jet energy scale from the real data. In the following thdipri@ary results are presented. Figure
38 shows the mean value of the distribution of the ratjt¥# E}C for the unpreselected QCD jets-like QCD
jets and the reat jets. Both the QCD and the jets were reconstructed in the calorimeter with a cone size o
0.4. The same cone size was used to evaluate the true traesreergy ¢ of the Monte Carlo QCD jets. The

7 jet identification includes the ECAL and the tracker isalativith the parameters’B=5 GeV, R=0.4, and R
=0.07. The one or three tracks were required to be in the lsagmee and a cutp > 10 GeVEt on the transverse
momentum of the leading track was applied. One can see thatlike QCD jets produce a higher calorimeter
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Figure 38: Mean value of the ratigE/EMC for the QCD jets without preselection (dashed-dotted Jind)ke
QCD jets (dashed line) and the regjets (solid line) as a function of .

response than the unpreselected QCD jets, which is only%-&fhaller than the response of the regts. More
studies are needed to understand the sources of the remdifference and the calibration uncertainties.
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Another method to evaluate thejet energy scale with the data is to use— 77 — ¢ + jet events and to
reconstruct the Z mass peak. This method, however has tadgistages: the background contamination and the
uncertainty of the missing measurement.

5.2 Measurement of jet> 7 misidentification from the data

The measurement of thjet — 7 misidentification rate can be done again with thplus-jet events used for the
calorimeter calibration. About £Gsuch events are expected in a 10 ftilata sample for ead}. bin of a size of
0.1xE7, with [p°*| <3 andE7, in the interval between 30 and 300 GeV. The mistagging ratdeavaluated then
as a fraction of events where the jet passedrtjet identification criteria. Taking into account the jefetion
factor, for example, with the tracker isolation and the ntagging (evaluated from the right plot of Figure 9 for
R;=0.4 andRs = 0.04 and from the results of Table 5) one could expect a 4-linhéertainty in the estimated
mistag rate per energy bin in the jet interval of 30-150 GeV with a 10 fb! data sample.

5.3 Measurement ofr-tagging efficiency from the data

Ther-tagging efficiency can be evaluated (and compared with thet®Carlo) from the ratio of Z 77 — p+jet
and Z- uu events selected with the single muon trigger stream. Thanstuction efficiency of the second muon
in the Z— uu events is assumed to be known. The preliminary estimates al@ained based on the search for
MSSM H/A— 77 — u + jet channel described in [14]. TheZ 77 — u + jet event selections are the same
as used in [14], but without the b tagging and the jet veto. Jysematical uncertainty in the selection cuts on
mr (¢, ERis), EL®, and B of reconstructed neutrinos, which contain calorimetepimfations, were taken into
account, as well as the uncertainty of the background etiatua

With an integrated luminosity of 30 fld the total uncertainty of the-tagging efficiency is expected to be between
4and 5% .

6 Conclusions

All the available methods to identify thelepton hadronic decays were discussed. The primary regeimefor
ther-jet identification is the isolation of af collimated jet meadf charged particles reconstructed with the tracker.
This method can be completed with a cut on thegh the leading track, impact parameter and vertex taggilg an
mass tagging. The usage of these methods in different catidis depends on the physics channel considered.
A brief recipe to complement the tracker isolation with thiees methods can be the following: for the one-prong
decays, the tagging with impact parameter is suggestednilss tag can be used for both one and three-prong
decays. The cut on therpof the leading track in one or three-prong decays was fourtiktuery effective to
suppress the QCD background in the analysis of the-A/H and Ht — 7 decay channels. For the three-prong
decays the vertex tag can be used. For the HLT, the Calo+Pxbaph is faster and gives a good performance as
far as the isolation algorithm is concerned. It is therethee preferred approach for the decays with tr®in

the final state (like A/H- 77 ) where the isolation is sufficient to reach the required gaaknd rejection factor.
The Trk approach is slower but gives a more accurate esbmatfithe track momenta. It is therefore useful in
channels like the charged Higgs boson decay intdepton and a neutrino where a stronger cut on th@pthe
leading track is required to achieve the desired trigger. rat
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