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Abstract

The typical final state fotz H associated production where the Higgs decays into a paigafrk is
an event with high jet multiplicity. The expected jet numii@r one (two) semi-leptonic top decay
or fully hadronic top decay is 6(4) and 8 respectively. Theich of the jet algorithm is therefore
crucial to improve the chance to detect a light Higgs bosahéntop-associatef production. Pre-
vious studies both with fast and full simulated events shuat tlifferent jet algorithms give different
results in the selection procedure. To fully investigatedffect of different jet algorithm however is
mandatory to use jets calibrated for detector effects anccted for effects related to the parton-jet
formation. Different jet finders and Monte-Carlo jet caiibon parameters are studied relatively to
the best performance for théH channel observability. The set of algorithm chosen is temitve
cone algorithm with cone size going from 0.30 up to 0.50 (v@it@5 step) and the inclusivE |
algorithm withr=0.4. Different calibration parameters as a functiomoffr and jet flavour are cal-
culated. Finally, as an example, the jet-to-parton paieiffigiency for the fully hadroni¢tH decay is
computed.
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1 Introduction

The aim of this note is to describe the procedure adoptechfojet calibration in thet H analysis. The typical
multi-jet final state for this channel suggests a carefulahof the jet reconstruction algorithm. The best approach
is to try to optimize the algorithm parameters studying tiect of different algorithm values during the selection
procedure of the signal events. A basic condition for immatng this optimization is the availability of a jet
calibration procedure which allows for the correction & taw measured jet energy.

Two different effect have to be taken into account: the éfflee to the detector (particle-level correction) and to
the fragmentation (parton-level correction). The first @aormally provided by the CMS calorimeters group
while the latter is more channel-dependent and it’s up tattadysis groups to use the common one or to develop
ad-hoc corrections for their specific channels. Partielel corrections available in CMS were limited to Iterative
Cone Algorithm[1] withAR=0.5 and 0.7 and to the inclusiv€, algorithm[2] with r=1; only recently also
MidPoint[3] corrections have been added. These optionslienare not the optimal choice for a final state with
high multiplicity jets. Past study for théH channel[4] have shown that a smaller cone size andkthealgorithm
with »=0.4 could give better results. For the Physics TechnicaidgheReport (PTDR)[5] both particle-level and
parton-level correction have been computed for the reqdgst algorithms.

The major objective for this study is to parametrize thelration parameter as a function of the direction, energy
and flavour of the jets for different jet algorithms. The asmbprocedure can be summarized in the following
steps:

e Detector Effect - (Particle-Level Correction to Monte@aikts)

1. Raw jets are reconstructed using the chosen algorithm fudd simulated and reconstructed events
. MonteCarlo jets are reconstructed using generator psticles as input to the same jet algorithm
. MonteCarlo jets ar&-tagged looking at the flavour of the particles which formtegl jet

. Raw and MonteCarlo Jets are paired minimizingA¥e distance

. All the paired jet withAR < 0.30 are used to build a set of histograms mappingtheE plane with
the Erav / EMC distribution separately fdr-tagged and noh-tagged Monte Carlo jet
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6. The Gaussian fit of this set of histograms is used to ohitaiflitst calibration functions.
e Fragmentation (Parton-Level Correction)

1. MonteCarlo Jets and partons are paired minimizingXtiedistance

2. The same mapping in the- E7 plane is used to build a similar set of histograms withEé¢ / B2 ™
distribution using a stronger cut in the pairing ® < 0.15)

3. The Gaussian fit is again used to obtain the second catibrfainctions

e The combination of the first and second effect gives the fieabEcalibration functions

In the Particle-Level correction, different detector etfeonb-jet and nonb-jet have to be evaluated. The major
motivation is due to the higher probability to hgwdeptons and neutrinos from semi-leptonic decaysludidrons

in the b-jets with respect to the light-quark and gluon jets. Thenergy contribution is not correctly measured
using the calorimeters and only more sophisticated teciasidlike Energy Flow methods where muon chambers
and calorimeter measurements are combined) could comettti§ energy loss while the neutrinos contribution is
completely lost.

The achievable precision for the described procedure disp@iainly on two factor: the goodness of the detector
simulation, which will improve during the data taking in tfiest few years of LHC running, and the precise
knowledge of the theoretical fragmentation model. For tteet, the very first months of data taking will be
crucial because of the tuning of the generators on real @agactual choice adopted is just a extrapolation of the
available data at lower energy scale. This model unceytaralso affected by the poor knowledge we have of the
underlying event contribution. All of these aspects areeexgd to be better tuned after the start of the LHC run
and all the calibration functions will be re-calculatedngsieal data.

The set of jet algorithm chosen in this study is the followifttgrative Cone Algorithm withA R=0.30, 0.35, ...
0.50 and inclusivdy | algorithm withr = 0.4.



2 Data Sample and Results

The jet response has been studied using the same data sanoghlegd for thettH channel analysis. These
samples have been generated with PYTHIA[6] and COMPHER[@ulated in the CMS detector by CMSIMI[8]
(version 133) and digitized by ORCA[9] (version 8.7.4). Aatoof 1.6 million events have been used from the
ttH, ttbb, ttjj samples (COMPHEP) and di-jet in tfi¢ ranges from 120 to 170 GeV/c and greater than 170 GeV/c
samples (PHYTIA)[10]. Raw jets have been reconstructedgusithresholdZ; > 0.5 GeV andFE > 0.8 GeV in

the calorimeters to suppress the instrumental noise torion. A raw jet was accepted B7** > 5 GeV, theE
recombination scheme has been adopted together wWitAeV seed for cone algorithm[11].

MonteCarlo Jets were reconstructed using all generatet-dtable particles (including muons and neutrinos) with
Er > 0.5 GeV. Ajetis kept if E}C > 10 GeV. Tob-tag the MC jet, the charged particles energy has been used
following this scheme:

e The set of generator level, stable particle forming theljetszanned for particles decaying frorflavoured
hadrons;

e The energy is summed for particles decaying froffitavoured hadrons and the ratio to the jet energy is
calculated,;

o If the ratio is higher than 0.1 the jet is classified dsjat

The same algorithm has been used to pair raw to MC jet and M(® jearton; the idea is to minimize the sum
of the AR for each possible pair (raw-MC jet or MC jet-parton). All thairs withAR < 0.30(0.15) have been
used for the transverse energy ratio distribution. Tilane has been divided in 25 bin of 0.1 size covering the
range|n| < 2.5 while the transverse energy has been mapped up to 600 Ge\20thin, 3 GeV size. Infig 1 the
Erew | EMC ratio distribution for a typical bin is shown (0<5|n| <0.6 and 45 GeV E7** <48 GeV). Figure 2
shows the same distribution for tHg}“ / E2*"*°". The fit has been done in 2 steps: first the whole histogram
interval has been used and then the fit range was change@touf;: — 2.5 x o+, mean i + 2.5 X o¢;+] where
mean ¢;x ando ¢;; are the values obtained from the first fit.
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Figure 1: Efev/E}MC Ratio Distribution forb-jets  Figure 2: EMC / EP*"*°" Ratio Distribution forb-jets
(dashed line) and nobHets (solid line) (dashed line) and nobHets (solid line)

Figures 3 and 4 show respectively the mean value (from thenssiit) of the E7# / EMC and B} C / ER™™ for

the samey-ring (0.5 < |n| < 0.6) as a function of théZ;** and E}¢ respectively. Error bars on the mean values
have been defined m@angnd_fit/\/N whereN is the number of entries in each histogram. Figure 3 showlglea
the different behavior di-jet and nonb-jet mainly at lowEr. In figure 4 this difference is negligible and the need
to separate the two contributions is lost. The major effectue to the different charged componenb-¢ét and
non-b-jet: the magnetic field bending tends to sweep out the Igwetracks losing the energy contribution to
the jets. The lost energy is higher fiajets where the probability to have lowy- tracks is higher with respect to
non-b-jet. Another effect is due to muon leptons within the jet @thieave only a MIP signal in the calorimeter.



This effect is higher fob-jets because of the higher probability to haeptons fromb semileptonic decays. The
distinction ofb-jets from noné-jets for the Parton-Level correction is not necessary dirjdta are used together.
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Figure 3: Er*w / EMC Ratio forb-jets and norb-jets  Figure 4: EMC / ELarton Ratio for b-jets and norb-
as a function ofz;*v jets as a function o2 ¢

3 Calibration Function

The same procedure has been followed for egbin and each plot is fitted with the following function:

By 1
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All the plots shown refers tdAR = 0.5 cone jets. Similar plots exist for the whole set of studiddajgorithm.
The same fitting function has been used for the Parton-Levetction expressing /¢ / EP*"**™ as a function of
EMC,

3.1 Particle-Level Correction

In figure 5 the three fitted parameters as a functionafe shown for the Particle-Level correction. The big change
around|n| = 1.5 is due to the different material budget in this region whéeetracker barrel-endcaps border is
located.
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Figure 5: Raw-MC Fitted parameters ¢ andc from eq.1) forb-jets (dashed line) and ndnjets (solid line) as a
function ofn
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Figure 6: MC-Parton Fitted parametetis§ andc from eq.1) for a matching cone 0.15 (solid line) and 0.30lieéds
line) as a function of;

3.2 MC jetsto-Parton Correction (Parton-L evel)

The same three fitted parameters as a functioR¥f” are shown in fig 6. These parameters reflect the physics
model for parton showering and fragmentation function elncand will have to be tuned with LHC real data. For
this particular choice there is a linear relation in the carregion and the three parameters have been fitted with a
straight line.

To cross check the stability of the correction algorithmatt@n level, two matching coné\R = 0.15 and0.30)
were used. A small shift is observed between the 2 fitted lthesoverall effect is below 0.5% in the central region
for the wholeEr spectrum. Fofy| = 1.4, only low Er jets are affected (2% shift fdEr = 20 GeV) while for

|n| = 2.7 the effect is higher (order of 40% fdt =20 GeV decreasing to 15% and 7% respectively for 50 and
100 GeV jetEr).

4 Comparison of ttH-based Calibration to the CM S di-jet-based Calibra-
tion

An independent data sample is used to compare the ttH methedalibration[11] based on di-jet events, called

in the following standard calibration. QCD di-jet eventdiwir up to 600 GeV andAR = 0.5 cone size have

been used for this purpose. In figure 7 the m&3H to E27P ratio distributions for 3-bin (0.0 < || < 0.1,

1.2 < |n| < 1.3 and2.4 < || < 2.5) as a function ofE37P are shown. In the tracker acceptance region

the difference between standard and ttH calibration isiwif#6 for E+ > 40 GeV and nonk-jet while the ttH

calibration gives always harder jets for lower transverszgy. The ttH calibration fob-jets produces as expected

higher transverse energy. The different behavior atfowis due mainly to the different Parton-Level calibration
applied: the standard calibration use a Parton-Level cboreextracted by light-quark jets events.
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5 Application tothe¢tH fully hadronic channel

The six different calibrations have been applied to#t#é fully hadronic decay channel, with a generated Higgs
and Top masses of 120 and 175 GeV respectively, as a bench bk standard calibration to the iterative
cone algorithm withAR = 0.5 has been also considered as a reference using 10 GeV as mirjghoalibrated
transverse energy. Signal events have been reconstruuntiedllathe different jet algorithm have been applied
together with the proper calibration functions. The eiglstrenergetic jets in the tracker acceptance region have
been paired to the eight partons in thé/ final state using generator information minimizing th&(jet-parton).

An event is then selected if all the jets have been paireda@#nton withAR < 0.3. Finally invariant masses for
W bosonst quarks andd boson have been build to compare the effect of differentratyns and calibrations.
Figure 8 show the transverse energy distribution for théxtemgost energetic jets. No difference is visible up
the 3th jet, then the standard calibration gives always &id as a consequence of the different treatment of
muons and neutrinos within the jets and the separate cadibriunction forb and noné jets. All the six chosen
jet algorithm fortt H calibration give similar distribution and no evident diféaces are present. Figure 9 show
the invariant mass fdi/, ¢-quark andH obtained with standard calibration and #hé/-calibration for a iterative
cone algorithm and\ R = 0.5.

The results for all the jet algorithms are summarized ingdblinvariant masses and widths of the fitted Gaussian
peaks are compatible with the standard calibration. Thecttlibration gives higher values for the masses peak,
especially for the andH particles. This is due to the different calibration funoaised fob and noné-jets. Mass
resolutions together with jet-pairing efficiency couldg& more clear idea of the different algorithm performance
in a complex multi-jet events as the one used for this corspari

STD | ICA0.30 | ICA0.35 | ICA0.40 | ICA0.45 | ICAQ0.50 | K'*r =0.4
My 81.5 81.6 81.6 81.8 82.1 82.8 82.7
M 172.1 172.9 173.1 173.7 174.7 176.7 176.2
Mg 105.5 108.9 109.3 109.9 110.7 111.2 112.2
o(W) 13.8 13.0 13.2 13.2 135 135 13.6
o(t) 22.2 21.1 21.0 21.0 21.3 21.2 20.6
OH 19.3 18.8 19.1 19.0 19.1 19.3 18.6
Res{V) 0.170 0.159 0.162 0.162 0.164 0.164 0.152
Res¢) 0.129 0.122 0.121 0.121 0.122 0.120 0.117
ResH) 0.183 0.173 0.174 0.173 0.173 0.174 0.166
Pair Eff.(%) | 4.1 5.9 6.4 6.0 5.2 4.3 54

Table 1: Invariant masses for different jet algorithm: SERtandard calibration for 0.5 cone size; ICA is Iterative
Cone Algorithm with ttH Calibration/ i is ttH calibration (Generated Higgs Mass is 120 GeV)

6 Conclusions

Detection of a light Higgs boson in thiéH associated production is a challenging analysis whichiregicarefull
optimization of the signal selection procedure. This n@sadibes the ad-hoc calibration procedure developed for
the study oftztH channel with respect to different jet reconstruction athon. Particle-Level and Parton-Level
corrections have been calculated as a functiop @ and jet flavour for Iterative Cone\R = 0.30, 0.35 ... 0.50)
and inclusiveK ; algorithm withr=0.4. Comparison to the standard calibration functiondde®sn made and no
major differences are present fBir >40 GeV. The difference at lower transverse energy is dueddaliffierent
parton-level correction used which has been tuned tettHechannel. The results indicate that a cone size around
0.40 is more promising for events with high multi-jet topgjoin the final state. The particle-level correction
developed for this study is however not final because of ttssimg end-caps region where the material-budget
and the complicated geometry of the CMS calorimeters are mhifficult to study.
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Figure 8: Orderedsr Distribution for thett H fully hadronic decay channel
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Figure 9: Invariant masses fov', ¢ and H for the standard calibration (up) and tth-calibration (dpior cone
algorithm andA R = 0.5 (Generated Higgs Mass is 120 GeV)
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