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Tau ID at hadron colliders

proton - (anti)proton cross sections
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The Large Hadron Collider

2010/09/06 08.35
LHC 2010 RUN (3.5 TeV/beam)

o ~3.7 pb1delivered
e Vs=7TeV for 2011

=

e expect 1 b1
e O(10k) of real taus!
e Shutdown at end of 2011

e Upgrade to Vs = 14 TeV
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* ALICE : low pile-up since 01.07.2010




Compact Muon Solenoid
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Particle Flow Algorithm

taus in CMS are built using Particle Flow objects
e Clusters and links signals from all subdetectors

e Produces a list of particle candidates
hheuy
e To the user looks just like Monte Carlo
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Particle Flow Algorithm
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W unlinked cluster see CMS PAS PFT-10-002
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Particle Flow Performance

Jet Transverse Energy Resolution CMS Preliminary
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Number of photon pairs

invariant mass of PF photon pairs

mf = 135.2 = 0.1 MeV/ ¢?
Om. =13.2+ 0.1 MeV/ ¢?
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Traditional CMS Tau ID

geometrically defined isolation

define geometric region around tau
candidate and require low detector activity

relies on the fact that taus
are more collimated than QCD

CMS Physics TDR results use these algorithms

presented today: “shrinking cone” algorithm

see CMS PAS PFT-08-001



Shrinking Cone Algorithm

reduce QCD by applying isolation requirement

require a leading candidate with
pT > 5 within AR < 0.1 of jet axis

PFJet Axis

lead charged hac;lron

sighal objects are those with
AR < ARsig of the lead candidate

et

AR... =5.0/E
519 / T isolation
annulus

Isolation objects are those
in the region ARsig < AR < 0.5
about the lead candidate

AR = /A¢p2 + An?




Decay Mode CMS Tau ID

Particle Flow algorithm allows

examination of meson content
two new algorithms:

Hadrons Plus Strips (HPS) algorithm
Tau Neural Classifier (TaNC) algorithm

GOAL.:
optimize tau identification for
individual tau decay modes

14 16 1.8 2
M, [GeV/c]



Hadrons Plus Strips Algorithm

build signal components combinatorially

cluster gammas into m® build all possible taus
candidates using n-¢ strips  that have a ‘tau-like’ multiplicity
K from the seed jet
O
¢ )
y TT
o
Y T T
S TTF TT TT
tau that is ‘most isolated’
Y with compatible myis
m/ Is the final tau candidate
| associated to the seed jet




Tau Neural Classifier

a neural network for each decay mode

cluster gammas into m® signal objects are defined
candidates by combinatoric using shrinking cone
pairs compatible with mmg _
A 0 depending on decay mode
¢ T
T TP o
T TTF TT
Tt Tt TT TP
a different neural network
° > IS applied!



Fake Rates

CMS Preliminary
Data, L = 8.4nb™

Shrinking signal cone

TaNC 0.50%

7 TeV, 8.4 nb-1

CMS Preliminary
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ZTT efficiencies simulation
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Efficiency vs. Fake Rate
ZTT Efficiency (sim) QCD Fake Rate (data)

CMS Preliminary Shrinking signal cone

Data, L = 8.4nb™ TaNC 0.50%
\E =7 TeV

y

Shrinking signal cone
- Z — tt Simulation TaNC 0.50%
- \'s=7TeV

—t
=

HPS medium isolation HPS medium isolation

Efficienc
Fake Rate

-y
N
-t

..._Q.H...'_'_‘_!tli—l—f—lj_._i_._'
1‘*‘1—*—‘_* —m—
T E

LAl 'V ’ = - T
:lmymvmvmvwl IVIViViV]y rv4 +v1-v+V-|-!—|-v—|-;—I'I"

1073

Ilv."i|III|III|III|III|III|III||| 10'4IIII|I.I.II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

20 40 60 80 100 120 140 O 10 20 30 40 50 60 70 80 90 100
Generated t visible P_ [GeV/c] Jet P_ [GeV/c]

decay mode algorithms preserve high T efficiency
while lowering fake rate by 5 to 10 times




Comparison to Monte Carlo

measured fake rates versus Pythia 8 dijet simulation
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MC simulation underestimates fake rate by 20-30%

all algorithms affected




Comparison to Monte Carlo

effect does not inclusive PFJet multiplicity
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preliminary studies indicate disagreement
due to Monte Carlo hadronization modeling




Summary

CMS Particle Flow algorithm has been
commissioned with data

Advanced tau identification algorithms
have reduced QCD fake rate by ~5X for
similar signal efficiency

Tau ID fake rate measurements within
20-30% of MC prediction

Investigations into effect of MC QCD
hadronization model ongoing



Particle Flow Commissioning

observables from particle flow jets
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Particle Flow Commissioning

invariant mass of PF photon pairs

mf = 136.9 = 0.2 MeV/ c?

mf = 135.2 = 0.1 MeV/ ¢?
Om,=12.8= 0.2 MeV/ c?

Om, =13.2= 0.1 MeV/ c?
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¥ mass agrees with world average within 1%



