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Reconstruction and Identi�cation � reconstruction and identi�cation

� h reconstruction and identi�cation in ATLAS

Reconstruction
Reconstruction is seeded from a jet in the
calorimeter
Must be matched to tracks in the inner
detector

Identi�cation
1 Cuts-based (3 inputs)
2 Maximum Likelihood (LLH) method (3 -5

inputs)
3 Boosted Decision Tree (BDT) for� and jet

discrimination (3 - 8 inputs)
4 BDT for � and electron discrimination (7 -

9 inputs)
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Reconstruction and Identi�cation � reconstruction and identi�cation

� h Identi�cation

Identi�cation performance: Signal MCZ ! � � andW ! � � , background dijet data

1 track 3 tracks

Signal Efficiency
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Data measurements of� fake rate from jets performed using QCD dijet events,
 + jet andZ+ jet
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Reconstruction and Identi�cation � reconstruction and identi�cation

� identi�cation e�ciency measured with data

Z ! � �

Similar selection to� (Z ! � � ) [see pg 7]
Electroweak background subtracted

W ! � �

� (W ! � � ) event selection [see pg 9]
Template constructed from track
multiplicity

Tau identification efficiency scale factor
0.5 1 1.5

0

8.5

Cuts  0.15(sys)± 0.08(stat) ±0.93 
 Cross section)tt®(Z

Boosted decision trees  0.10(sys)± 0.05(stat) ±0.89 
 Cross section)nt®(W

Likelihood  0.13(sys)± 0.07(stat) ±1.00 
 Cross section)nt®(W

Cuts  0.14(sys)± 0.05(stat) ±0.96 
 Cross section)nt®(W

Boosted decision trees  0.05(sys)± 0.07(stat) ±0.92 
 Tag&Probe)nt®(W

Likelihood  0.05(sys)± 0.09(stat) ±0.95 
 Tag&Probe)nt®(W

Cuts  0.10(sys)± 0.11(stat) ±0.98 
 Tag&Probe)nt®(W

Tighter identification working point
­1L = 34­36 pbATLAS Preliminary
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Standard model results Z ! � �

Z ! � �
� h� l channel

� � channel e� channel

)  [GeV]
h

t, m(vism
0 20 40 60 80 100 120 140

E
ve

nt
s 

/ 5
 G

eV

0

10

20

30

40

50

60 Data
tt®*/Zg

Multijet
nl®W
nt®W
ll®*/Zg

tt

­1
 Ldt = 36 pbò

 = 7 TeVsATLAS  

)  [GeV]ht(e, vism
0 20 40 60 80 100 120 140

E
ve

nt
s 

/ 5
 G

eV

0

5

10

15

20

25

30

35

40

45 Data
tt®*/Zg

Multijet
nl®W
nt®W
ll®*/Zg

tt

­1
 Ldt = 36 pbò

 = 7 TeVsATLAS  

Event selection:

1 Isolated leptons
2 dilepton veto
3 W suppression cuts

� required to meet tight cut

W+ jets background
W control region de�ned by inverting
W suppression cuts
Shape from MC, normalization from
data
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Standard model results Z ! � �

Z ! � �

� � � � channel
BDT constructed to separate signal from
Z ! � + � �
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Standard model results Z ! � �

Z ! � �

� � � � channel
BDT constructed to separate signal from
Z ! � + � �
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Standard model results W ! � �

W ! � �

Event selection:
1 Well reconstructed� � �ET

2 Tight cut on� with 20< pT < 60 GeV
3 �

� �ET > 30 GeV
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Standard model results W ! � �

W ! � �

Event selection:
1 Well reconstructed� � �ET

2 Tight cut on� with 20< pT < 60 GeV
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mT =
q

2Elep
T �

� �ET (1 � cos� � (lep; �
� �ET ))

 [GeV]Tm

0 20 40 60 80 100 120 140

N
um

be
r 

of
 e

ve
nt

s 
/ 5

 G
eV

0

100

200

300

400

500

600

0 20 40 60 80 100 120 1400

100

200

300

400

500

600

0 20 40 60 80 100 120 1400

100

200

300

400

500

600

0 20 40 60 80 100 120 1400

100

200

300

400

500

600

0 20 40 60 80 100 120 1400

100

200

300

400

500

600

0 20 40 60 80 100 120 1400

100

200

300

400

500

600

0 20 40 60 80 100 120 1400

100

200

300

400

500

600

0 20 40 60 80 100 120 1400

100

200

300

400

500

600 ATLAS

­1
 L dt = 34 pbò

 = 7 TeV)sData 2010 (
tn ht ®W 

EW background
QCD background (C)

� (W ! � � )� B: 11.1� 0.3(stat)� 1.7(syst)�
0.4(lumi) nb

Saminder Dhaliwal (University of Toronto) Physics with� leptons in ATLAS September 29, 2011 8 / 17



Standard model results W ! � �

W ! � � background estimation

QCD estimation
Shapes taken from region C
Normalization from ratio B/D

EW estimation
Simulation veri�ed with high purityW ! ��
data samples,� replaced with simulated�
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Standard model results W ! � �

W andZ measurements in ATLAS
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Standard model results t �t dilepton channel

t �t cross section

� (t �t )� B: 142� 21(stat.)+20
� 16

(syst.)� 5(lumi.) pb

Event Selection
1 isolated� , no electrons
At least 2 jets withpT > 25 GeV

1 or more jets must be tagged as b-jet
P

jET j > 200 GeV (reducesW+jets)

�
� �ET > 30 GeV (reduces multi-jets

background)

Dominant background after event
selection is t �t , � + jets channel

Use BDT to construct templates
Signal from MC
Background from quark rich data
(W+jets)
� 2 �t to OS-SS distribution
(a � OS� b � SS) + c�signal

Single track� template
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Physics searches MSSM H � ! � �

MSSMH� ! � � in t �t decays
Predicted in BSM models with two (or more) Higgs doublets

FormH� < mt , dominant production mode:
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Physics searches MSSM H � ! � �

Exclusion limits onH�
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Physics searches MSSM H ! � �

MSSMA=H=h ! � �
Very promising channel in the LHC
Coupling to� strongly enhanced for large regions of parameter space

3 channels analyzed, with measured mass as given below:
� e� � � h� l � h� h

me�ective
� � =

p
p� + + p� � + � �p Invariant mass by missing mass calculator (MMC)Visible mass
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Physics searches MSSM H ! � �

MSSMA=H=h ! � �
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Physics searches MSSM H ! � �

MSSMA=H=h ! � �
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Physics searches MSSM H ! � �

Exclusion limits onH ! � �
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function of its mass and SM Higgs production in� + e=� �nal state
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Physics searches MSSM H ! � �

Summary

Reconstruction and identi�cation of hadronically decaying � leptons in ATLAS has been
realized

� identi�cation has been measured with data, and is largely performing as anticipated from
MC

� (Z ! � � )� B: 0.97� 0.07(stat)� 0.06(syst)� 0.03(lumi) nb
� (W ! � � )� B: 11.1� 0.3(stat)� 1.7(syst)� 0.4(lumi) nb
� (t �t )� B(� + � dileptonic channel): 142� 21(stat.)+20

� 16(syst.)� 5(lumi.) pb

No excess of events observed for MSSMH ! � � nor H� ! � � � , exclusion limits set

Physics with� leptons well on its way in ATLAS!
Current data being used to re�ne� identi�cation

...for new measurements
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� leptons

Heaviest lepton, mass� = 1.78 GeV

Decays both hadronically (� 65%) and
leptonically (� 35%)

Of hadronic decays� 77% have one �nal
� � , � 23% have three �nal� �

1 or 2 neutrinos in decay

Appear in �nal states of SM processes,
expected in �nal states of Higgs decay
and BSM processes

Hadronically decaying� leptons need
to be distinguished from hadronic jets,
which are produced in processes with
very large cross-sections

� decay tends to be well collimated
and the invariant mass of the visible
decay products is usually smaller than
those of jets

Large electromagnetic component in�
decay from� 0

� lepton proper decay length is 87� m

Decay vertices can be resolved in the
silicon tracker from the primary
interaction vertex
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Input for� identi�cation - de�nitions

Electromagnetic radius:Transverse energy weighted
shower width in the electromagnetic (EM)
calorimeter:

REM =

P � Ri < 0:4
i2f EM 0� 2g EEM

T;i � Ri
P � Ri < 0:4

i2f EM 0� 2g EEM
T;i

;

wherei runs over cells, in the �rst three layers of
the EM calorimeter (pre-sampler, layer 1, and
layer 2), associated to the tau candidate.

Track radius:pT weighted track width:

Rtrack =
P � Ri < 0:4

i pT;i � Ri
P � Ri < 0:4

i pT;i

;

wherei runs over all core and isolation tracks of
the tau candidate, within �Ri < 0:4.

Core energy fraction:Fraction of transverse energy in the
core (� R < 0:1) of the tau candidate:

fcore =

P � Ri < 0:1
i2f allg EEM

T;i
P � Ri < 0:4

i2f allg EEM
T;i

;

wherei runs over all cells, associated to the tau
candidate within �R < 0:1(0:4) of the tau jet
seed axis, calibrated at the EM scale.

Cluster mass:Invariant mass computed from the
constituent clusters of the seed jet, at the EM
energy scale.
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Input for� identi�cation - de�nitions continued

Track mass:Invariant mass of the track system, where the
tracks used for the invariant mass calculation use
both core and isolation tracks.

Leading track momentum fraction:

ftrack =
ptrack

T;1

p�
T

;

whereptrack
T;1 is the transverse momentum of the

leading core track of the tau candidate andp�
T is

the transverse momentum of the tau candidate,
calibrated at the EM energy scale.

Electromagnetic fraction:Fraction of transverse energy of
the tau candidate deposited in the EM
calorimeter:

fEM =

P � Ri < 0:4
i2f EM 0� 2g EEM

T;i
P � Rj < 0:4

j2f allg EEM
T;j

;

whereET;i (ET;j ) is the transverse energy,
calibrated at the EM energy scale, deposited in
cell i (j ), andi runs over the cells in the �rst
three layers of the EM calorimeter, whilej runs
over the cells in all layers of the calorimeter.
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Input for� identi�cation and discrimination from electrons - de�nitions

Transverse 
ight path signi�cance:The decay length signi�cance of the secondary vertex for multi-track tau
candidates in the transverse plane:

S
ight
T =

L
ight
T

� L
ight
T

;

whereL
ight
T is the reconstructed signed decay length, and� L
ight

T is its estimated uncertainty. The tracks
used for the secondary vertex �t are the core tracks associated to the tau candidate, but additional tracks
with pT > 6 GeV within �R < 0:2 of the jet seed, and satisfyingjd0j < 2:0 mm, andjz0 sin� j < 10 mm,
are also added to the vertex �t, even if they fail the b-layer,pixel criteria, and the tighter impact parameter
criteria that are required of associated tracks to the tau candidates.

TRT HT fraction: The number of high threshold hits over number of low threshold hits,including outlier hits, in the

Transition Radiation Tracker (TRT) of the highestpT core track associated to the tau candidate.
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Input for� identi�cation - distributions
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Distributions forREM, Rtrack, andftrack, for 1-prong (left) and 3-prong (right) candidates. The
dashed lines indicate the cut boundaries for the cut based identi�cation. Since the cuts onREM

andRtrack are parameterized inpT , the characteristic range of the cut values is demonstrated by
showing lines for the cuts for candidates withpT = 20 GeV, and then an arrow pointing to the cut

for candidates withpT = 60 GeV.
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Input for� identi�cation - distributions
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Distributions forfcore, fEM, andmclusters, for 1-prong (left) and 3-prong (right) candidates.
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Individual inputs to each� identi�cation method

REM Rtrack ftrack fcore fEM mclusters mtracks S
ight
T fHT

Cuts � � �
Likelihood single-prong � � �
Likelihood multi-prong � � � � �
Jet BDT single-prong � � � � � �
Jet BDT multi-prong � � � � � � � �
Electron BDT single-prong� � � � � � �
Electron BDT multi-prong � � � � � � � � �

Comparison of variables used by each� discriminant
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� energy scale

� calibrated using local hadronic weighting, and additionalpT and� based corrections

Systematic uncertainty on� energy scale in barrel region for single track� shown

[GeV]truth
T

p
20 40 60 80 100

)[
%

]
tr

ut
h

T
/p

T
E

S

T
(p

D

­6

­4

­2

0

2

4

6

8
ATLAS Preliminary

| < 1.3h1 prong: |

Underlying event
Hadronic shower
Non closure
Detector Material
Pile up
EM scale
Noise Threshold
Total sys. error

Saminder Dhaliwal (University of Toronto) Physics with� leptons in ATLAS September 29, 2011 26 / 17



Angular cut in� to removeW+jet background

P
cos(� � ) = cos(� lep � �

�
��ET
) + cos(� � � �

�
��ET
)

P
cos(� � ) is positive if� � �ET bisects decay

products (lep and� )
Negative if� � �ET away from decay products
Events with low�

� �ET have degraded
direction, result in

P
cos(� � ) � 0

Z ! � � with e and� channel
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Missing mass calculator
http://arxiv.org/pdf/1012.4686

Tries to solve kinematic equations in terms of� momenta
For each potential solution a reconstructed mass is created,
weighted by likelihood function
Likelihood from �R between visible� and assumed� direction

�
� �ET mis-measurement taken into account by additional

likelihood term
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� identi�cation e�ciency measured with data
Z ! � �

Similar selection to� (Z ! � � ) [see pg 7]
Electroweak background subtracted
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� (W ! � � ) event selection [see pg 9]
Template constructed from track
multiplicity

Tau identification efficiency scale factor
0.5 1 1.5

0

8.5

Cuts  0.15(sys)± 0.08(stat) ±0.93 
 Cross section)tt®(Z

Boosted decision trees  0.10(sys)± 0.05(stat) ±0.89 
 Cross section)nt®(W

Likelihood  0.13(sys)± 0.07(stat) ±1.00 
 Cross section)nt®(W

Cuts  0.14(sys)± 0.05(stat) ±0.96 
 Cross section)nt®(W

Boosted decision trees  0.05(sys)± 0.07(stat) ±0.92 
 Tag&Probe)nt®(W
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 Tag&Probe)nt®(W
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 Tag&Probe)nt®(W

Tighter identification working point
­1L = 34­36 pbATLAS Preliminary
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Z ! � �

QCD background

RIso = NC

ND for normalization
Region B for shape of QCD
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H ! � � background estimation

� h� h background

QCD:
ABCD method with OS/SS and loose/tight
� identi�cation
Shape taken from OS loose� LLH region
Normalization from ratio of SS and loose to
SS and tight� LLH region

� h� l background

nBkg
OS = nBkg

SS + nW
OS� SS + nZ

OSSS+ nother
OSSS

W+ jets:

Construct OS/SS ratio from control region
mT < 30 GeV
Assumption that ratio is independent ofmT

veri�ed with MC
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