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Table 4: Number of events which survive the various muon analysis requirements for the tt̄ signal and
for the most relevant backgrounds normalised to 100 pb−1.

Muon analysis
Sample default W const. mt win W const. W const. W const.

+ |η | < 1 + 1 b-tag + 2 b-tag
tt̄ 3274 1606 755 386 403 280
hadronic tt̄ 35 17 7 6 5 2
W+jets 1052 319 98 47 11 0.0
single top 227 99 25 19 19 10
Z→ ll +jets 84 23 3 2 0.5 0.0
W bb̄ 64 19 4 4 5 2
W cc̄ 26 9 3 0.7 0.1 0.0
W W 7 3 0.7 0.7 0.0 0.0
W Z 7 3 0.8 0.5 0.0 0.0
Z Z 0.7 0.3 0.1 0.0 0.0 0.0
Signal 3274 1606 755 386 403 280
Background 1497 495 143 84 42 14
S/B 2.2 3.2 5.3 4.6 9.6 20.1

top-quark in a cone of size ∆R < 0.2.
In Fig. 3 (b) the reconstructed three-jet mass after the W -boson mass constraint is presented. The

background is also shown.
Table 3 and 4 show the number of signal and background events in a 100 pb−1 data sample. To give

an indication of the signal purity in the top mass peak region, in the third column of Tables 3 and 4 we
give the number of events in a hadronic top mass region: 141 < mt < 189 GeV. Although not all signal
events are correctly reconstructed, in both the electron and muon analyses the purity of the signal in the
top mass window is close to 80%.
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Figure 3: (a): Expected distribution of the three-jet invariant mass after the standard selection. The white
area represents the tt̄ signal in the muon channel. The dark shaded area is the combinatorial background
and the light shaded area represents the background contribution. (b): The same after the W -boson mass
constraint in a 100 pb−1event sample. Both plots are for the muon analysis.
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Figure 3: (a): Expected distribution of the three-jet invariant mass after the standard selection. The white
area represents the tt̄ signal in the muon channel. The dark shaded area is the combinatorial background
and the light shaded area represents the background contribution. (b): The same after the W -boson mass
constraint in a 100 pb−1event sample. Both plots are for the muon analysis.
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Events with one muon

• Typical task involving the tracking system is 
the tagging of short-living particles 

- track impact parameter (d0) 
measurement

- secondary vertex reconstruction

• b-tagging applies to discriminate hadrons 
containing b quark

- interesting in the case of
top quark event selection

- ×12 improvement in
S/B ratio for top pair
event selection

- heavily influenced by
tracking performance

- ÷3.5 degradation in
light jets rejection if
~10 µm misalignments

Motivation
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b-tagging I
Two main ingredients in b-tagging:

vertex reconstruction

impact parameter resolution

JetProb will be used on first data to “tag” jets:

probability that each track in the jet originates from 
primary vertex is computed:

the probability for all tracks in a jet is combined

Pi =

∫ −|d0/σ(d0)|

−∞
R(x)dx

Resolution 
function for 

prompt tracks

4Monday, February 15, 2010



February 13, 2010 – 22 : 51 DRAFT 5

0
d

S
-14 -12 -10 -8 -6 -4 -2 0

1

10

210

3
10

410

5
10

6
10

Mean   1.043e-19

RMS    0.5421

Mean   -3.835e-20

RMS    0.5077

Data

MC

=1.43
dof

/N2!

)=0.02
dof

,N2!Prob(

Figure 5: Distribution of the transverse impact pa-

rameter significance Sd0 = d0/"d0 for tracks with
negative d0, for the simulation reference (red open

squares) and for data (solid black points).
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Figure 6: Distribution of the impact parame-

ter significance Sd0 for tracks with negative d0
in Monte Carlo simulation, after symmetrization

around Sd0 = 0. The fitted R function is superim-

posed.

exponentials for the tails:136

R(x) = p0e
−x/p1 + p2e

−x/p3 + p4e
−(x/p5)2 (4)

The distribution and the result of the fit are shown on Figure 6.137

4.4 Tagging tracks138

Among all the tracks associated to the jet, only the ones fulfilling all the b-tagging quality criteria,139

without any ganged pixel measurement and with a positively signed impact parameter are kept for the140

tagging. The distribution of transverse impact parameter significance for these tagging tracks is shown on141

Figure 7. Their multiplicity in jets is shown on Figure 8. On average only 1.2 tracks in a jet are available142

for tagging: this is mainly because these jets are soft and the pT > 1 GeV/c cut applied on tracks has143

been optimized for higher center-of-mass energies but is too high for 900 GeV. However loosening this144

cut would require several additional studies which are beyond the scope of this note. In particular low pT145

tracks are provided by another track-finding algorithm which has not been validated in Ref. [2] and higher146

contamination from sources of non-prompt tracks like conversions and other interactions in material are147

expected.148

4.5 Resulting track and jet probabilities149

The distribution of the probability Pi for a track to come from the primary vertex is shown on Fig-150

ure 9(a). The region Pi ≈ 0, where lifetime contributions would appear, is more visible on the distri-151

bution of − log10(Pi) shown on Figure 9(b). The probability P jet for a jet to be a light-jet, resulting152

from combining all selected tracks in a jet, is shown in a similar way on Figures 10(a) and 10(b). The153

data plot is compared to the complete Monte Carlo distribution (all flavour components summed) and the154

compatibility !2 shown on the plots. A slight bias towards the lifetime region could be seen, but it is not155

really statistically significant.156

b-tagging II
The  resolution function ℛ is 
computed from the impact 
parameter distribution:

should select “b-tagging quality” 
tracks

use negative side of distribution to 
only measure spatial resolution (i.e 
not particle life-time 
contribution)

if MC reproduces data, additional 
checks are possible:

is the d0 distribution really 
symmetric?
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Tracking performance I
Impact parameter resolution:

multiple scattering of 
particles due to tracking 
detector material

silicon detector resolution
(i.e. number of hits + single 
hit resolution)

alignment of detector 
modules

resolution of primary 
vertex

InSitu Performance 
should provide this 
information

Data are better than MC (see overall distribution). Unfortunately the different vertex multiplicity in data and 
MC doesn’t allow a straightforward correction for the method bias. Need to better understand the reason of the 
discrepancy

I’m interested in studying what the profile of d0 resolution vs 1/!(p2sin3") tells me about multiple scattering in 
the material...

Fits are done considering central value of each bin. In the future we will use average of values of the variable for 
each bin 14
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Tracking performance II
Multiple scattering effect:

σ(d0) = a ⊕ b/(pT sinϴ)

σ(d0) = a’ ⊕ b’/sinϴ

σ(d0) = a’’ ⊕ b’’/pT

If correct: a=a’=a’’ and b/(pT sinϴ) = b’/sinϴ = b’’/pT  [GeV]
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Figure 13: Transverse impact parameter resolu-

tion for 1.3 < # < 1.4 versus pT .
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Figure 14: Transverse impact parameter resolu-

tion for 0.7 GeV< pT < 0.75 GeV versus # .

4.2 Impact parameter resolution as a function of pT and #158

The aim of the study is the determination of the impact parameter resolution in bins of pT and # , in order159

to verify to what degree Eq. 9 describes the observed resolution in data and simulation. Different # bins160

can be sensitive to different degree of knowledge of the alignment and the detector intrinsic resolution161

variations.162

By fixing either of the two variables, the resolution can be parametrised163

• for fixed # as164

! 2d0 = a21+
c21
p2T

with c1 =
b√
sin#

; (10)

• for fixed pT as165

! 2d0 = a22+
c22
sin#

with c2 =
b

pT
. (11)

Ideally one expects to verify relations b= c1
√
sin# = c2pT and a= a1 = a2.166

167

For this study, the data has been divided into 15 track pT bins between 500 MeV and 2 GeV and 11168

# bins in the barrel region (0.6< # < 2.5). The restriction to barrel is needed since the model in Eq. 9 is169

only valid for a cylindrically distributed material.170

For each bin in # and pT , the distribution of the transverse impact parameter d0, expressed with respect171

to the unbiased primary vertex, has been fitted with a Gaussian function within 2! of the mean of the172

distribution. The width of the Gaussian is understood as the resolution of d0 convoluted with the uncer-173

tainty of the reconstructed primary vertex.174

175

Figure 13 shows the squared resolution of dwrtPV0 versus pT for one central bin. The resolution is176

quickly falling with pT . Data points are black, nominal Monte Carlo yellow. The data has been fitted177

with a21+ c21
p2T
.178

Plot 14 shows the squared resolution of dwrtPV0 versus # for one bin in pT . The dependency of the res-179

olution on the transversed detector material (i.e. # ) is clearly visible. # = $
2
refers to the centre of the180

detector. The data has been fitted with a22+ c22
sin# .181

182

February 12, 2010 – 23 : 34 DRAFT 8

 [GeV]
T

 p
0.6 0.8 1 1.2 1.4 1.6 1.8 2

]
2

 +
 P

V
) 

 [
m

m
0

(d
2

! 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

2

T
p

2
1

c
 + 2

1
fit data: a

=0.987dof/n2"=0.113; 
1

=0.0818; c1a

 < 1.4#1.3 < 

=900 GeVsData 

=900 GeVsND MC MinBias 

Figure 13: Transverse impact parameter resolu-

tion for 1.3 < # < 1.4 versus pT .

# 
0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

]
2

 +
 P

V
) 

 [
m

m
0

(d
2

! 

0

0.01

0.02

0.03

0.04

0.05

0.06

)#sin(

2
2

c
 + 2

2
fit data: a

=1.36dof/n2"=0.155; 
2

=0.0736; c2a

 < 0.75 GeV
T

0.7 GeV < p

=900 GeVsData 

=900 GeVsND MC MinBias 

Figure 14: Transverse impact parameter resolu-

tion for 0.7 GeV< pT < 0.75 GeV versus # .

4.2 Impact parameter resolution as a function of pT and #158

The aim of the study is the determination of the impact parameter resolution in bins of pT and # , in order159

to verify to what degree Eq. 9 describes the observed resolution in data and simulation. Different # bins160

can be sensitive to different degree of knowledge of the alignment and the detector intrinsic resolution161

variations.162

By fixing either of the two variables, the resolution can be parametrised163

• for fixed # as164

! 2d0 = a21+
c21
p2T

with c1 =
b√
sin#

; (10)

• for fixed pT as165

! 2d0 = a22+
c22
sin#

with c2 =
b

pT
. (11)

Ideally one expects to verify relations b= c1
√
sin# = c2pT and a= a1 = a2.166

167

For this study, the data has been divided into 15 track pT bins between 500 MeV and 2 GeV and 11168

# bins in the barrel region (0.6< # < 2.5). The restriction to barrel is needed since the model in Eq. 9 is169

only valid for a cylindrically distributed material.170

For each bin in # and pT , the distribution of the transverse impact parameter d0, expressed with respect171

to the unbiased primary vertex, has been fitted with a Gaussian function within 2! of the mean of the172

distribution. The width of the Gaussian is understood as the resolution of d0 convoluted with the uncer-173

tainty of the reconstructed primary vertex.174

175

Figure 13 shows the squared resolution of dwrtPV0 versus pT for one central bin. The resolution is176

quickly falling with pT . Data points are black, nominal Monte Carlo yellow. The data has been fitted177

with a21+ c21
p2T
.178

Plot 14 shows the squared resolution of dwrtPV0 versus # for one bin in pT . The dependency of the res-179

olution on the transversed detector material (i.e. # ) is clearly visible. # = $
2
refers to the centre of the180

detector. The data has been fitted with a22+ c22
sin# .181

182

Cosmic ray 
data

900 GeV 
data

 (b-tagging 
group)

7Monday, February 15, 2010



Tracking performance III

Study d0 resolution as a function of:

track transverse momentum

track pseudo-rapidity

number of silicon hits

Contribute to the “b-tagging quality”  definition for 
tracks
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top physics
Collaboration started with Udine + Genova + Bologna to be 
able to re-discover top in 2010 data

weekly meeting to monitor progresses

Common analysis tools
(or different but cross-checked tools)

TopReconstruction framework?

“My” assignment is to implement b-tagging in the 
commissioning analysis

even 1 leptons + MET + 2 jets + 2 (jets with “tracks 
with big impact parameter”) can be enough to have a 
candidate top pair event
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top physics and b-tagging I

top pairs decays:

leptonic (2 lep + MET + 2 b-jets)

semi-leptonic (1 lep + MET + 2 b-jets + 2 jets)

hadronic (2 b-jets + 4 jets)

main background is W + jets (small b-jet presence)

estimated from Z+jets sample

estimate b-tagging efficiency & rejection + b-jet content of 
signal and background with minimal use of simulation
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top physics and b-tagging II
Several samples:

top & W+jets   (SIGNAL)

Z+1jet

Z+2jet

Z+3jets

….  according to CM energy

2 “global” variables:

b-tagging efficiency

b-tagging fake rate

1 “per sample” variable: b jet 
fraction

For each sample 2 (1) 
observable:

N1b fraction of events 
with one tagged jet

N2b number of events with 
two tagged jets

At the beginning:

b-jet fraction from MC, 
measure fake rate (and 
efficiency) 

11Monday, February 15, 2010



Try to put effort in projects that are valuable for the physics 
and performance analysis:

Implement the official D3PD for tracking group

Finalize the Pixel 36h calibration loop

charge sharing to improve
pixel detector resolution
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Implement the official D3PD for tracking performance group

“D3PD” is the flat Ntuple format used in (most of) the physics analysis

every analysis has its own dumper for track properties in D3PD

track performance group is using TrkValidation Ntuple

 it does not take advantage from global D3PD framework

Track performance group wants to:

switch to D3PD for its studies:

 some links (i.e. TrackParticle --> Track, TrackParticle --> Vertex) 
not easy in TrkValidation Ntuple

provide a global tool for ATLAS to deal with track properties in 
D3PDs

Service work II
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