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Abstract

Hbb — 77~ can be considered one of the signature channels of the MSS$M.t® the fact that the final
state neutrinos are very close to the "sister” leptons, jtassible to identify the direction of missing neutrinos.
Thus it will be possible to reconstruct Higgs mass efficienithis paper summarizes the studies done on mass
reconstruction using the Missing Transverse Energy (MEif)jat correction types in ExRoot.



1 Introduction

The Minimal Supersymmetric Standard Model (MSSM) is theesgpmmetric extension of the Standard Model
(SM) with the minimal particle content. For each particteere is a superpartner with the same internal quantum
numbers, but with spin that differs by half a unit. The intnotion of supersymmetric partners cancels the quadratic
divergence in the Higgs boson mass. MSSM requires two Higgbléts in order to preserve symmetry. There are
5 elementary Higgs particles in MSSM: Three neutral oneh,(A) and two charged onesi(™ ™).

One of the goals of LHC is to cover the entine, - tan3 plane in order to discover or exclude the existence
of the MSSM Higgs sector. In the MSSM, almost the entire Higgstor can be covered wi0 fo—! by the
LHC experiment. Among several MSSM decay modes, the tworaélarhavingr lepton final states are of great
importance [1].

H — ~vyandH/A — tt — bar are the most promising channels in the search of neutrajtdimgs bosons, and

it is particularly significant at highan3. The Hbb — 77~ (see Fig:1) can be the signature of MSSM, since for
tan(3=30 andm 4,=300GeV, the ratio of the MSSM cross-section to the SM cezsgion is around 5000. In this
decay, there are two b-quarks along with the Higgs bosoniwiiécays to two taus. Both taus decay leptonically
resulting in two leptons (any combination of electrons anens) and four neutrinos in the final state.

We studied this decay channel with three different sampids 40 GeV, 200 GeV and 250 GeV Higgs’ mass.
The events are obtained from DC04 data sets and all digizedts are processed with ORCA8-7-4. ExRoot. We
are going to report the results from 140 GeV higgs mass sample
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Figure 1: The diagram affbb — 77~

2 Hbb — 777~ Kinematic Properties

In order to study the Missing Transverse Energy (MET) an®detection effects, it is necessary to understand the
properties of the channel. The most important characiedétibb — 777~ — (ITvv,)(I"vr,) channel is that

the "sister” neutrinos are very close to the "sister” leowhen we plot the angle separation between the lepton
and its sister neutrinos at the generator level, the meaeis® be 2.1 degrees (see Fig.2). So, the direction of the
neutrinos, thus the direction of the MET is known allowingégonstruct the Higgs’ invariant mass. Moreover,
the final state leptons and neutrinos are in the central negio

Among three principal jet algorithms -the iterative cores, imidpoint cone and the inclusive KT jet algorithm- we
used the iterative cone algorithm withR < 0.5 to reconstruct the jets. This algorithm searches the maximu
transverse energy object and throws a cone around its idinecAny object within that cone will be merged to
form a jet [3]. The constituents are then removed from thedliobjects, and the procedure is repeated until no
objects are left in the list. For a reconstructed jet to besm®red as a b-jet we required the separation between
the jet and the quark to be less than QMR < 0.4). Splitted ECAL and HCAL towers are taken into account
in this process. It is seen that only 12 percent of the evemits kwo matching jets and around 40 percent of the
events have at least one matching jet. The existence of n@amymatching jets can be related to the shortcomings
of the jet reconstruction algorithms. The jets we are dgakiith have low transverse energy and jet reconstruction
algorithms are not very efficient in the low region. For highestr jets the average transverse energy is 47
GeV and for second highegty jets itis 20 GeV. These values are significantly higher themegated level b-quark
information. The possible reason for this is again the lddeasitivity of the jet algorithms and the calorimeters.
The pseudorapidity distribution of the generator leves jefuggest that the two b-jets are more likely to have
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Figure 2: The separation between the leptons and the "siseitrinos.

opposite eta signs. Jets have low transverse momentum eydrd mostly central.

The main background channels for our signal decayzare — 7, t t-bar production with real and fakés and

top production Wt. Since this analysis is focussed on massnstruction, MEt and Jet corrections it does not
cover all background channels. We have produced 250000— 77 events with mass 80-100 GeV and 250000
events with Z mass higher than 100 GeV. These samples ar@assechodel backgound to cross-check the effects
of the techniques used on background events.

3 Higgslnvariant Mass Reconstruction

Our final goal is to reconstruct the mass of the Higgs usingrtftemation about the missing transverse energy,
(MET). The formal collinear approximation method to redoast mass is given in the reference [2]. Knowing the
mass of the final state leptons and what fraction of tau’s rmtume is carried by the neutrinos, we can calculate
the mass of the Higgs. The formula is given by :

My

My = ———
T UXIx X2

where My is the Higgs’ massj/;; is the mass of the final stage leptons, and X1 and X2 are thédnsoof the

tau’s momentum carried by the first and second neutrino otispdy.

To be able to use this formula, it is necessary to know X1 and ®ire are two different approaches to obtain
X1 and X2. For the "Method 1” approach, the components of METhie direction of taus are calculated in the
transverse plane. Then, it is assumed that the same ratibewlalid for the z-components. In the "Method 2"
approach, all MET is added to one of the taus in the transydase. Then, the cross product with the remaining
tau is taken. It is assumed that the ratio of the cross predwefore and after MET addition, is X1 and X2.

To test the validity of these two methods, we used the gemelatel information. Using the generator level
lepton masses and MET, we reconstructed the Higgs mass @oG&¥ sample. The results are shown in Figure
3. The yellow area is for "Method 1” and blue thick line is faviethod 2" approach. "Method 1” collinear
approximation, has a tail on mass distribution, but yielbisost 2 times more events than Method 2 both for
the signal and background. It is not possible to interpreie tatio as efficiency since it is kept same for the
background events as well. Method 2 collinear approxinmatygelds a little sharper mass signal. Both of them
give close results to the desired mass (see Fig 3).

4 MET and Jet Corrections
4.1 MET Typeson Exroot and Effects on Mass

MET and jet reconstruction is a very complicated processC®nplements multiple algorithms for the jet finder,
MET reconstruction and several scenarios of JetMET aralySiorrection and calibration is a very important
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Figure 3: Reconstrcuted higgs mass with two types of cdlir@proximation methods.

aspect in Jet and MET reconstruction. Jet and MET algorithrasensitive to the final states accompanied with
the pileup, multiple-scattering, underlying-events, aetector performance, -mainly calorimetry. However, the
good forward coverage of CMS, the good cell segmentationh@ncheticity make the MET measurement easier

[4].

MET is the crucial element in the determination of the Higgsiss. MET can be obtained from Calorimeter Hits,
Calorimeter towers and from jets (Kt and iterative cone gtgm). In this note we report the result with MET from
calorimeter hits. We used METSs from calorimeter towers al§ & results are very similar. The first correction
applied to the MET from calorimeter hits (CH) was the sulttoacof the muon effect. We know that only a
small portion of the muon energy is deposited in the calow@mse The remaining part adds to the MET. Thus,
missing transverse energy has contributions from the imastas well as muons. In order to obtain the energies of
neutrinos, we subtracted a given amount of energy, whidioigsght to be due to the muons, from MET every time
we had muons in the final state. Then, we applied the jet ciiorex Type 1 jet correction is used with different
processes which are explained in the next section.
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Figure 4: Missing Et from calorimeter hits and V1 jet corient

4.2 Jet Correctionsand Effectson MET

To be able to obtain best MET values, we have to work on jetrrsttoction and correction methods[5]. Several
standard and some "home-made” jet correction techniqeasaestigated to achieve the best MET result. Gamma
Jet Correction (GJ), Monte Carlo Jet Correction (MC) and 8tiCbrrection are the three standard procedures used.
Figures 4, 5 and 6 show the outcomes of the V1, MC and GJ carnsatespectively. In all three of these plots, the
red line shows the MET distribution obtained using geneiaiel information, the black line is for the plain MET
value obtained from calorimeter hits, the blue line givessMET distribution obtained after muon corrections and
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Figure 5: Missing Et from calorimeter hits and MC jet corient
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Figure 6: Missing Et from calorimeter hits and GJ jet cori@tt
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Figure 7: Reconstructed Mass with Method 1 and V1 jet coioact
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Figure 8: Reconstructed Mass with Method 1 and MC jet coiwact
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Figure 9: Reconstructed Mass with Method 1 and Gamma jeéction
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Figure 10: Reconstructed Mass with Method 2 and V1 jet ctigec
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Figure 11: Reconstructed Mass with Method 2 and MC jet ctioec
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Figure 12: Reconstructed Mass with Method 2 and Gamma jetcion



finally the green line shows MET obtained after (typel) jetrections. Similarly, the results of the "Method 1”
mass reconstruction are shown in Figures 7 (for V1), 8 (for)M@ad 9 (for GJ). Finally, Figures 10, 11 and 12
display the "Method 2" mass reconstruction results. In &llhese plots, the yellow area shows the distribution
obtained by the generator level information. The blackeland green lines are for MET obtained from calorimeter
hits (CH), MET we got after muon corrections, and MET obtdiaéier muon plus jet corrections respectively. As
can be seen, the V1 corrections give slightly better restitsvever, none of the corrections yield close enough
results to the generator level missing transverse eneangiel case of the "Method 1” mass reconstruction, the jet
correction methods lead to a shift in the peak in the wrongatiion.

We deduced that Standard CMS jet correction methods do rpbie the mass resolution. We created jet correc-
tions specific to this channel by comparing the generateljatto reconstructed jeirs in smally regions. But
with the low statistics from DC04 sample we did not get sigaifit improvement on MET distributions.

5 Conclusion

ThebbH — 777~ is a very important channel to understand MSSM. The mainacharistic of the channel is
known neutrino directions, with this distinct kinematitseérves as a benchmark to tune our reconstruction tools,
as well. In this note we demonstrated two different apprdacimvariant mass reconstruction using collinear
approximation. For this channel the missing transverseggnis very low, and to reconstruct the Higgs mass
efficiently, it is important to improve MET using adequaterfconstruction algorithms. The methods known and
used so far, do not work very efficiently. Standard CMS jetection methods do not give satisfying answers.
Some of them help to improve the mass reconstruction a; IMigh V1 jet correction method, it is possible to
achieve slightly better distributions. However, some &f &tgortihms shift the mass peak in the wrong direction.
It is important to realize the "error” and find methods whicbrwbetter. This study as been performed on 140
GeV, 200 GeV and 250 GeV samples from DC04 using ExRoot. OayGeV sample has been reported in this
note due to its higher statistics, the other samples yiefilai results. We are studying to produce, and test the
same channel with CMSSW, and contribute to improvement o8G&tonstruction software.
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