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1. Introduction

The Young Investigators Group VH-NG-503 has staitedvork on March T 2009.

During the past year three more Postdocs have dothe group as part time associate
members. The activities of the group are centet®&ESY Hamburg and focus on operations

of the CMS detector at LHC and physics analysishef CMS data. As of April 2011 the

following researches have contributed to the gractpvities.

Members of the Group

Position

Activities

Dr. Alexei Raspereza

Group Leader

Coordination bé group!
activities, validation ofthe
CMS tracking tools study of
the Z boson productiorand
searches for neutraMSSM
Higgs bosons in decays ir
tau leptons and b-quarks

Dr. Roberval Walsh

Postdoc

Operations of the Baesim
Condition Monitor (BG/I1F)
of the CMS detector, analys
of CMS data in context ¢
searches for MSSM Higc
bosons decaying to b quarks
study of D meson productio
in proton proton collisions

Agni Bethani

PhD student, DESY Hambt

I8tudy of the Z bosn
production and searcheder
MSSM Higgs bosons in
decays to tau leptons
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Associate members of the Group

Igor Marfin PhD student, DESY Zeuthen n&lysis of CMS data i
context of searches f
MSSM Higgs boson
decaying to b quark
calibration of b-taggig

[92]

algorithms
Dr. Ivan Glushkov Postdoc Study Bf meson productio
in proton proton collisions
Dr. Caroline Riedl Postdoc Analysis of CMS datathe

context of searches fothe
MSSM Higgs boson
decaying to tau lepton
development of DQM tools

Dr. Michele Rosin Postdoc Analysis of the CMS data
the context of searches fiire
MSSM Higgs bosons i
decays to tau leptons

University Partner

Prof. Dr. Thomas Mueller, University of Karlsruhe, Karlsruhe Institute of Temlogy
Prof. Dr. Gunter Quast

2. Activities of the Young Investigators Group

As a multi-purpose apparatus, CMS detector [1] jples particle physicist with
experimental data for the exploration of the El@etak Symmetry Breaking mechanism and
physics beyond the Standard Model. The activitfedb® Young Investigators Group focus on
several aspects of the CMS detector operation,teeeonstruction and physics analysis of
CMS data. This includes operation of the Fast B€amdition Monitor of the CMS detector,
validation of event reconstruction algorithms, gtysics analyses aiming at measurements
of electroweak processes, detection of Higgs boaoadsstudies of open charm production in
proton proton collisions.

3. Operations of the Fast Beam Condition Monitor

The CMS Fast Beam Condition Monitor (BCM1F) is arfethe subsystems of the
CMS Beam Radiation Monitoring (BRM) [2]. The BMCHetector monitors the beam-halo
flux on a bunch-by-bunch basis. It consists of fwanes installed around the beam pipe
located at z = +1.8 m from the interaction poirack plane has four modules with 5x5 fm
radiation hard single crystal diamond sensors (s\ddd radiation hard front-end
electronics. Owing its ultrafast response, deviae guickly react to the changes in the beam
conditions and provide relevant information to ti#C operation team.

In the past year Dr. Roberval Walsh had been iuriing to the operations of
BCML1F together with the BCM1F group at DESY-Zeutleerd the BRM group at CERN.
During 2010 data-taking period he took shifts aedgrmed duties of expert-on-call for the
CMS beam conditions and radiation monitoring graipCERN and participated in the
development and maintenance of the software ford#ta acquisition of the time-to-digital
converters (TDCs), a part of BCM1F readout systetnch provides online information on
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the beam conditions for the CMS shift crew. Dr. $ahas been also performing offline
analysis of the BCM1F data to monitor beam cond#iduring data-taking by CMS in the
year 2010.

4. Physics Studies

Physics studies of the Young Investigators Gralgress three main topics:

* investigation of th& boson production followed by decayszinto tau leptons;

» analysis of the CMS data in the context of searébieseutral supersymmetric Higgs
bosons decaying into tau leptons and b quarks;

» study of open charm production in proton protodisioins.

4.1 Study of Z Boson Production Followed by Z—rrin Dimuon channel

The process oZ boson production followed b¥ decays into a pair of tau leptons
plays an important role in the physics programHMCL Firstly, this channel provides a test of
the Standard Modek.g. the hypotheses of lepton universality, the decaperties of tau
leptons and higher order theoretical predictionstiie Z boson production cross sections in
proton proton collisionsetc Secondly, it provides an experimental sample foe
commissioning of tau lepton triggers and identifima algorithms. Thirdly, the measurement
of Z—1r events is important as these constitute a majmcsaof background to the search for
neutral supersymmetric Higgs Bosons decaying toléatons. Until recently three final
states, defined by the decay modes of tau leptos, jeve been studied:

« muon + hadronically decaying tau [3];

» electron + hadronically decaying tau [3] and

* electron + muon [4] channels.
The Young Investigators Group has developed a navalysis, in which tau lepton pairs are
selected and reconstructed in the channel2u4v. These events are characterized by two
muons and missing transverse energy. The anaty#igsi channel faces two main challenges:

* large background which coming from Drell-Yan dimymoduction;

» relatively small topological branching fractiontbk z—2u4v decays (only 3% of all

possible tau pair decays).

The likelihood based multivariate selection hasnbéeveloped, which exploits a set of
variables, discriminating betweefi-uu and Z—zr events. The distribution of the dimuon
invariant mass after final selection is shown ig.Ei

candidates. CMS Data (dots) are
compared to MC predictions for
different Standard Model
processes (filled histograms).
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hadronically decaying tau leptons as shown in Fig/Rh the analysis in the dimuon channel,
documented as CMS Analysis Note [5], the Young $tigators Group contributed to the
CMS paper on the measurement of the inclugibeson production cross section followed by
Z—1t decays in proton proton collisions at 7 TeV [6].
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Figure 2. Contour in the cross section — 7-id efficiency plane from the combined fit
(left). Summary of the measured Z—rr1 cross sections in the four final states: e+7pagq
M+Thag, €+4 and p+p. The extracted cross-section from the combined fit and the
NNLO theoretical prediction are also shown (right).

4.2 Searches for Neutral MSSM Higgs Bosons

Exploration of the Electroweak Symmetry Breakinf(&B) mechanism is one of the main
goals of the physics program at LHC. In contrasth® Standard Model, where EWSB is
generated by one Higgs doublet and gives rise éoaaldlitional physics state — neutral Higgs
boson — Minimal Supersymmetric Standard Model (M$SMdstulates two Higgs doublets
resulting in five physical states:
» two neutral CP-even Higgs bosohsndH;
» one neutral CP-odd Higgs bosAn
« two charged bosons{”.
Along with the Standard Model Higgs boson, Higgsdies of MSSM are also subject of
searches at LHC.

4.2.1 MSSM Higgs Searches in Decays to Tau Leptons

The study presented in Section 4.1 served for casioning of the inclusive searches for
neutral MSSM Higgs bosons decaying into tau leptdngo production mechanisms are
considered:

e gluon fusiongg—@® (®=h, H, A) and

* Db-quark associated Higgs boson productgmr,»bba.
The likelihood based multivariate analysis has bdarther developed to enhance
discrimination betwee& bosons decaying either into muon or tau leptomspaind neutral
Higgs bosons decaying into tau leptons. The deglicatocedure [7], reconstructing invariant
mass of tau lepton pairs, has been employed tagefitte the visible mass of muon pairs to
distinguish signal from background processes. Nadeswe for MSSM Higgs boson
production was found in data collected by CMS iA@0and results of the analysis have been
translated into limits on the MSSM Higgs boson m@itbn cross section as shown in Fig.3.
The study has been documented as CMS Analysis [@pt&he developed analysis has been
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reviewed and approved by the CMS Higgs Analysisuprand will be used to study 2011
data in the context of searches for neutral MSSKbBlibosons decaying into tau leptons.
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Figure 3: Expected and observed limits on the inclusive production cross section of
the neutral MSSM Higgs bosons, o(pp—®)xBr(®—rr), as a function of the CP-odd
Higgs boson mass, ma, obtained from the analysis in the r7—2p4v channel (left). The
dependence of p-value, quantifying consistency of the Higgs boson search results
with the “background-only” hypothesis, on ma (right).

4.2.2 MSSM Higgs Searches in Decays to b-quarks

The group is also designing analysis aiming atatein of b-quark associated MSSM
Higgs boson production followed by Higgs boson gsdato b-quarks(b)b®— (b)bbb.The
analysis will select events with at least threets-ps in majority of cases the fourth leading
b-jet is expected to have very low transverse maaomermaking reconstruction of this jet
extremely difficult. In the first step of the stedithe emphasis was put on the development of
the dedicated trigger for online selection of (bgh®—(b)bbb signal events. A new High
Level Trigger has been proposed by the Young Iiyatstrs Group for selection of three jet
events with at least two jets being tagged as $-j@he trigger exploits track impact
parameters and information on reconstructed muonsing from the heavy flavor hadron
decays. Anticipated low rate at high LHC luminassdtialong with a reasonable signal
efficiency makes the proposed trigger one of thestnfavored solutions considered by the
CMS Higgs Analysis Group for the online selectidrthe (b)b®@—b(bbbevents. In parallel
with the trigger development, the group designs a@halysis strategy to search for the
(b)bd—(b)bbbsignal and performs feasibility studies and analgptimization using Monte
Carlo simulation.

4.3 Studies of Open Charm Production in Proton Proton Collisions

The analysis of open charm production has evolvedhe context of b-tagging
performance studies. The analysis was initiallyighesd to test PYTHIA predictions for tii2
meson yields in hard QCD events. Weakly decaldingesons produce tracks displaced with
respect to primary interaction vertex, thus contiity selected sample of b-jets. Therefore
accurate modeling dD meson production rates and kinematics is of utnmpbrtance for
understanding of b-tagging performance. The Youmgestigators Group has developed
analysis, studyindd meson production in association with jets. Ther foharm mesond)°,

D*, D*(2010)" andDs" (and charge conjugate states) have been recotestrexploiting the
following decay modes:
e DK +7" ;
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e D' K+7n +1;

« D*(2010) - D° + " ;

. D5+—>go+7r+,¢)—>K+ + K",
The reconstructe® mesons have been associated to jets based ommsoxa 7-¢ plane.
Fig.4 shows as an example the signal in E#¢2010) — D° + z* decay channel and
measured*(2010)" yield per reconstructed jet in bins of jet tramseemomentum. These
measurements provided valuable inputs for tuninlylohte Carlo generators and validation
of b-tagging performance in Monte Carlo simulatiofrhe analysis is currently being
extended to measure the ratio of inclusive produactross sections between charged mesons
D*, D*(2010), Ds" and neutral mesoB®. This study will provide crucial test of the Heavy
Quark Effective Theory.
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Figure 4: The signal reconstructed in the decay channel D*(2010)*—D%+r" (and
charge conjugate mode) with 36 pb™ of CMS data collected in the year 2010 (left).
The yield of D*(2010)" mesons per reconstructed jet measured in data (dots) and
compared to PYTHIA predictions based on two different Monte Carlo tunes:
TuneD6T (squared) and TuneZ2 (triangles) (right).

5. Calibration of B-tagging Algorithms

Identification of b-jets will be the key ingredieat the analysis, searching for the b-
quark associated neutral Higgs boson productidoviegld by Higgs decay to b-quarks. As a
part of activities related to the search for MSSMds$ boson decays to b-quarks, the Young
Investigators Group is involved in calibration oftdgging algorithms using top pair
production events. The analysis in semi-muonic okhhas been fully established and tested
with the first collision data. It has been demoaigtd that b-tagging algorithms can be
calibrated with a precision of few percent using@ dnundred inverse picobarn of data in the
analysis of semi-muonic channel only. The analigsiseing extended to include other modes
of top pair decays, namely semi-electron and diepthannels. Further improvements are
being implemented to handle sizable pile-up effemtshigh instantaneous luminosities
expected during LHC run in 2011.

6. Cooperation with the University Partner (Karlsruhe University
and Karlsruhe Institute of Technology)

The Young Investigators Group closely cooperatéth wthe CMS Group of the
Karlsruhe Institute of Technology (KIT) on analysas/olving tau leptons and b-jet
identification. The joint meetings between the memslof the Young Investigators Group and

6von7



members of the CMS KIT group are held every weedtisouss the progress of analyses with
tau leptons. As a result of close cooperation betwsvo groups, data-driven methods for
evaluation of theZ+jets and QCD backgrounds for the MSSM Higgs boson search
decays to tau leptons have been developed. Presmvil groups are working in close
collaboration on the development of Level-1 andHigvel Jet Triggers exploiting b-tagging
information. This kind of triggers are designed floe online event selection in searches for
the hypotheticall{)b®@— (b)bbbsignal discussed in Section 4.2.2.

7. Analysis Notes, Publications and Presentations

For the reference period the Young Investigatosu@ihas contributed to the following CMS
publications and Analysis Notes:

1) “Measurement of the Inclusive-Z 'z ~ Cross Section in pp Collisions at 7 TeV”,
CMS Collaboration, arXiv:1104.1617 [hep-eX], sulbdedttoJHEP;

2) “Measurement ofa(pp—Z)-Br(Z—tr) in the Dimuon Channel with CMS in pp
Collisions at 7 TeV” A.Bethanietal, CMS Analysis Note AN-2010/446.

3) “Search for Neutral Higgs Bosons Decaying into Taaptons in the Dimuon Channel
with CMS in pp Collisions at 7 TeV'A. Bethanietal, CMS Analysis Note AN-
2011/140.

The following presentations have been given byntieenbers of the group:

1) “Performance of the CMS Fast Beam Condition MorfitoR. Walsh, talk given at
IEEE Conference, Knoxville, Novembef 32010;

2) “Measurement of DLifetime with First Collision Data at CMS'R. Walsh, talk given
at the FSP-CMS Meeting, Aachen SeptemBe2@L0;

3) ,Study of Z-r in Dimuon Channel with CMS in pp Collisions at&VT, A. Bethani,
talk given at FSP-CMS Meeting, Aachen, SeptemBe2@L.0;

4) “Study of B-tagging Efficiency in ttbar Events hetCMS Experiment’, Marfin, talk
given at DPG Meeting, Karlsruhe, March™2011;

5) “Study of the Z Boson Production and Search for Meeitral Supersymmetric Higgs
Bosons in the Decay Channel Z(H#Ag— 274y with the First LHC Data Collected
wgp the CMS Detector’A. Bethani, talk given at DPG Meeting, Karlsruheangh
19" 2011.

8. Financial Status
The financial status report is attached as a sep&t& Excel document.
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