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The algorithm used for reconstruction and identification of hadronic tau decays by the CMS experiment at the LHC is presented. The tau reconstruction in CMS takes advantage of the particle-flow algorithm which
allows to reconstruct individual hadronic decay modes. The performance of the algorithm in terms of tau ID efficiency, rate of jet 2tau, e 2tau and mu 2tau fakes and in terms of tau energy reconstruction is measured
in pp collision data recorded in 2012 at a center-of-mass energy of 8 TeV, corresponding to an integrated luminosity of 19.7/fb.
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Tau leptons constitute an important experimental signature for physics
analyses at the LHC:
*Evidence of a SM Higgs Boson decaying into tau leptons!,
*Searches for MSSM neutral and charged Higgs bosons.

*Drell-Yan, W boson and top quark pair production in final states with t.
*Searches for supersymmetry, leptoquarks, 2’ and W’ bosons as well as
for doubly charged Higgs bosons.
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*Tau leptons decay hadronically into either one or three charged

mesons (predominantly t*, m~) in presence of up to two neutral pions.
The latter decay instantaneously via m® - yy.
* Muons and electrons from tau decay cannot be distinguished from
ones produced in the primary interaction.
The algorithms for tau reconstruction and identification in CMS aim at
hadronic tau decays (t,).
It benefits from tau decay features, i.e. low multiplicity and high
collimation if compared to jet produced in QCD events.
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Cut Based Isolation
I, =Y P,"(dz <0.2cm) + max(P,’ — ABO)

The AP correction is computed by summing the

transverse momenta of charged particles with d,> 0.2

cm wrt 1, production vertex and are within a cone of size

AR = 0.8 around the t, direction. The sum is scaled by a

factor 0.4576, chosen to make the t, identification
Qfﬁciency insensitive to pile—up.
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Hadronic decays of tau leptons are reconstructed and identified by the Hadrons plus Strips®! (HPS) algorithm seeded
by jets reconstructed with Particle Flow.

*Photons from m° can be converted into the tracker.

*Electrons from photons conversion are bended from the B-field ,affecting the typical n®signature in the n direction.
*Clustering the photons or electrons into n—-¢ strips 0.2x0.05 enlarged in n direction to account for possible broadening of the
calorimeter signature by photon conversions

Combining hadrons plus strips

ni

strips.

Tau Isolation

Single Hadron: t2>m*

A single charged
hadron without any

The CMS Experiment

*Superconducting solenoid providing 3.8-Tesla B-field!2.

. *Combining information from all the subdetectors—=> Global event description thanks to the
~.1 Particle Flow algorithmB!,
*Charged and neutral hadrons, photons, muons, electrons are first identified and then used

| to reconstruct the missing energy (E™*s), jets, T and lepton isolation.
= *Whole data collected in 2012 corresponding to an integrated luminosity of 19.7/fb at 8 TeV
: used.

Tau decay mode reconstruction

Combinatorial approach is taken for building the combinations of charged particles plus strips that correspond to different hadronic tau decay modes.

Hadron + Strip: tT> p2>n*n’ Three Hadrons: T2 al>n*n*n*

/W Check compatibility with a p mass

Combination of three charged

» resolution effects.

hadrons that fits within a al
mass hypotesis. The tracks are
required to be compatible with
originating from the same event
vertex.

window. The size of the mass
! window is enlarged for high P; th
candidates to account for

T, cone size requirement according to the P; of the candidate

Isolation is a key handle in reducing background from quark or gluon jets that can easily fake a t,,
Two approaches have been devoleped: cut-based and MVA discriminator.

I 'z MVA Isolation

Combine kinematic and 1, lifetime information. Variables:

*P;, n, decay mode of the t, candidate.

*Isolation variables (2P, P;",pile-up contribution).
*Transverse impact parameter of the leading track and its

significance (1prong).

*The distance between tau production and decay vertex

/ Qﬁd its significance (3prong).
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MVA isolation reduces the jet—>t fake rate by a factor 2 compared to
the cut-based isolation. Significant improvement for high-pt taus.

Tau ID efficiency in Z2>1 T,

CMS Preliminary 2012, s =8 TeV, L = 19.7 fb™

CMS Preliminary 2012, ys =8 TeV, L = 19.7 fb"

Jet—>t Fake Rate in QCD events

Discrimination against electrons

CMS Preliminary 2012A \/s=8 TeV Data L=429 pb“: failing probe

@® Data
N = Signal + background
= = = = Background only

= Signal only

High probability for an electron to be recostructed as 1prong T,
Cut-based discriminator: cut is applied on the output of an 25000
MVA that has been trained to separate electrons from charged
pions.

MVA-based dicriminator: 16 categories based on 4 different | i:.iﬁ favlf?atz
reason for an electron to fake a t,. 16 BDTs are built to obtain ~ anti-e

the lowest possible e - t, fake rate. Input variables: - discriminator
*T variables (P;,n,electromagnetic energy fraction, E/P, H/P, m_)
*Strip variables associated to the photon reconstructed in the strip.
*Track variables: PF electron MVA output for the leading particle,

X2,numbers of hits in silicon pixel plus strip tracking detector, In(P;), n.
*Electron variables related to the electron matched to the t,, m1t:?GeV/c12)20

The fake rate from electrons is measured from data with a tag&probe technique using electrons from
Z->ee events.

High probability for a muon to be reconstructed as 1prong CMS Preliminary 2012 \'s=8 TeV. L ~500 pb" passing probe
Th.

Cut based anti-p discriminator: vetoing taus in case signals
in the muon system are found near the t, direction.

MVA-based anti-p dicriminator: input variables are:

*ECAL and HCAL energies associated to the charged leading track as
well as the ones associated to photons and other t constituents.
Fraction of 1, transverse momentum carried by the leading
particle.

Number of track segments in the muon system reconstructed
within a cone of size AR = 0.5 around the 1, direction.

Number of hits in the muon system detected within a cone of size

= 1 1 = =1 1 1 11111 |IIII|IIII|IIIIIII|!||.I""IIIII
AR = 0.5 centered on the T, direction. Q==L TR T R R ETT

. . . . m,, (GeV/c?
The fake rate from muons is measured from data with a tag&probe technique in Z2>pp events.

Tag-and-probe fit of
Z-> uu events which
pass tau anti-mu
discriminator
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Tau ID Performance
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*The fit is performed in 1, candidate P bins using a tool based on Roofit!®! tool, G
with t,, identification efficiency being the parameter of interest.
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*Systematic uncertainties are represented by nuissance parameters in the fit
model.

P (Gevic] eevig | *The Z=2TT contribution is split according to the
tau decay mode reconstructed by HPS.
*After a best fit procedure, m"s _is used for
Fake rate from few per-cent for 50 GeV P; jet to few per-mille for high energy scale calibration.
P; jet has been observed. *Scale factor and energy scale corrections are

Data-to-MC scale factors compatible with 1 in each pt bin with a 5%

uncertainty.
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