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Motivation

• We search for the new particles in “Dijet Mass” spectrum. 

✓ If a resonance exists, it can show up as a bump in Dijet Mass spectrum

✓ It was considered as qq, qg and gg resonances.

• We would like extend this study as b-jet resonances.

2

Fit and Signal
We search for dijet resonance signal in our data.

Excited quark signals are shown at 0.5 TeV and 1.5 TeV.

String resonances are shown at 1 TeV and 2 TeV.

49

Dijet Mass (GeV)
500 1000 1500 2000

D
at

a 
/ F

it

1

10

Graph

q* (0.5 TeV)

S (1 TeV)

q* (1.5 TeV)

S (2 TeV)

)-1CMS Data (2.875 pb

 = 7 TeVs
| < 1.3| < 2.5 & ||

Dijet Mass (GeV)
500 1000 1500 2000

/d
m

 (p
b/

G
eV

)
d

-410

-310

-210

-110

1

10

210

310

410

 / ndf 
2

 32.33 / 31

Prob   0.4011

p0        5.398e-08! 2.609e-06 

p1        0.1737! 5.077 

p2        0.006248! 6.994 

p3        0.001658! 0.2658 

 / ndf 
2

 32.33 / 31

Prob   0.4011

p0        5.398e-08! 2.609e-06 

p1        0.1737! 5.077 

p2        0.006248! 6.994 

p3        0.001658! 0.2658 

)-1CMS Data (2.875 pb
Fit
10% JES Uncertainty
QCD Pythia + CMS Simulation
Excited Quark
String  = 7 TeVs 

| < 1.3 | < 2.5 & ||

q* (0.5 TeV)

S (1 TeV)

q* (1.5 TeV)

S (2 TeV)

Fit and Signal
We search for dijet resonance signal in our data.
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Data Set and Event Selection

• Since b decay mode was off in official Spring10 Z’ 
to dijet MC sample, new MC samples were 
generated using FastSim.

✓ Z’SSM at the mass of 0.5 TeV, 0.75 TeV, 1 TeV, 1.25 
TeV and 1.5 TeV

✓ /castor/cern.ch/user/s/sertac/ZprimeSSM

• AK7 PFJets

• |η|>2.5 & |Δη|<1.3

• L2L3 Jet Energy Correction
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Resonance Shapes

• The signal of b-bbar 
resonances is shifted to 
lower mass region and 
wider than non-bbbar 
resonances.
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• When mass of 
resonance quarks 
increases, the signal 
shifts to lower mass 
region and becomes 
wider.

✓ What does it 
cause this effect 
apart from FSR?
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Soft 
lepton

Experimentally :
! Secondary vertex (SV) displaced from 
primary vertex 
! Larger transverse impact parameter d0 of 
tracks in jets from SV

! Signed w.r.t. jet axis
! Significance Sd0

! Soft leptons

b-tagging overview

2

b hadron properties :
! Long lifetime (~1.5 ps, c!=450"m)

! a b hadron in a jet (pT=50GeV) flies ~ 5mm in the transverse plane before decaying
! Hard fragmentation

! Keep 70% of the momentum of the initial b quark
! High mass (5GeV)

! Decay products with large pT
! Semi-leptonic decay (in ~40% of b-jets)

! Br(b#l#X) + Br(b#c#l#X) = 11% + 10%  (l=e, ")

0

0

0

d
d

dS
!

=
>0

b-tagging Algorithms 

!! Impact Parameter based: 

!! Track counting High Eff/Pur (2) 

!! Jet[B]Probability (2) 

!! Secondary Vertex based 

!! Simple Secondary Vertex 

!! Combined Secondary Vertex 

!! Leptons: 

!! Soft mu by IP 3d 

!! Soft mu by Ptrel 

!! Soft electron 

!! Combined 

!! Combined MVA 

 All the performance plots shown in the following slides are 
for Summer08 QCDPt80 samples 

!"#"$%& '&()&*+,-./"&*0123&45&
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available algorithms: IP based

“TrackCountingTrackCounting”: considers as discriminating variable
the signed impact parameter significance of the Nth good track

[N = 2: HighEfficiency, N = 3: HighPurity]

“JetProbabilityJetProbability”: exploits the information of all tracks in the jet, combining
the probability of each one[JetProbability] or 4 most displaced[JetBProbability] ones

is consistent w/ being originated from the primary vertex
[from its signed impact parameter significances]

 note: good z resolution [PIX system] allows 3D reconstruction

simplests
no calibration

ImpactImpact  ParameterParameter  [IP]:=
distance between the track and the primary vertex

@point of closest approach
•since the uncertainty can be !IP~O(IP)

better observable is its significance:=
•IP is “lifetime signed” [û(IP)·û(jet)]

! 

IP

"
IP

3

available algorithms: Sec. Vertex based

“SimpleSVSimpleSV” based upon the reconstruction
of a secondary vertex, and uses variables related to it:
2D(3D) decay length or its significance or its boost

in the rest frame

“CombinedSVCombinedSV” exploits all available lifetime information
combining secondary vertex and track IP one
using a likelihood ratio [CombinedSecondaryVertex]

•not imply the reconstruction of a secondary vertex
[back to track-only variables]

covers the whole b-tagging efficiency range
•trained for discriminating against both
  light flavour and charm background

CMS AN 2009/085

less sensitive tomisalignment

CMS AN 2009/085
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B-Tagging Discriminant
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Discriminant Thresholds

8

2.3 Charged particle track selection 3

method, reconstructed jets are associated to the final partons, after showering and radiation.
Only partons generated within a cone ∆R < 0.3 around the jet axis are considered. If a gluon
splits into a quark-antiquark pair, those quarks are considered instead of the gluon in the jet-
parton association. The jet is considered as a b-jet if a b quark is found within the cone. If there
is no b quark, a c quark is looked for and a c-jet can be defined. Otherwise the flavour of the
highest energetic parton is considered.

2.3 Charged particle track selection

The charged particle tracks are selected by requiring: number of pixel hits ≥ 2, number of
silicon strip+pixel hits ≥ 8, transverse momentum pT > 1 GeV, χ2/ndo f < 5, transverse
impact parameter < 0.2 cm and longitudinal impact parameter < 17 cm.

Further track selections are applied for the TC algorithm (jet-track association cone ∆R < 0.5,
distance of closest approach to the jet axis < 0.07 cm, decay length < 5 cm) and for the SSV
algorithm (jet-track association cone ∆R < 0.3, high-purity tracks [4], distance of closest ap-
proach to the jet axis < 0.2 cm). The decay length is defined as the distance between the PV
and the point of closest approach of the track to the jet axis.

2.4 Muon selection

Jets with a reconstructed muon, denoted muon-jets, can be produced by semileptonic b-hadron
decays. For some specific study, global muons [1] with pT > 4 GeV and within ∆R < 0.4 from
the jet axis are selected. The relative transverse momentum, prel

T , of the muon with respect to
the jet axis is computed in order to further enrich in b-jets. According to the MC simulation,
from an initial muon-jet sample of pT > 30 GeV, a selection prel

T > 1 GeV retains 50% of b-jets,
15% of c-jets and 17% of udsg-jets.

2.5 b-tag operating points

For each b-tagging algorithm, a selection is applied on the b-tag discriminant in order to retain
a given fraction of light udsg jets. The operating points are denoted as loose, medium and tight,
corresponding to a udsg-tag selection efficiency of about 10%, 1%, 0.1% in the MC simulation
(Table 1).

Table 1: definition of the operating points for different b-taggers.
b-tagger operating point threshold (Dcut)
Track Counting High Efficiency Loose TCHEL 1.70
Track Counting High Efficiency Medium TCHEM 3.30
Track Counting High Purity Medium TCHPM 1.93
Track Counting High Purity Tight TCHPT 3.41
Simple Secondary Vertex High Efficiency Medium SSVHEM 1.74
Simple Secondary Vertex High Efficiency Tight SSVHET 3.05
Simple Secondary Vertex High Purity Tight SSVHPT 2.00

The MC shapes of the positive b-tag discriminant variables are presented in Fig. 2 for each jet
flavour separately and jet pT > 30 GeV. The overall discriminant in data is compared to the MC
simulation in Figs. 3-4, showing a rather good agreement. An increased b-jet purity is observed
from TCHE to TCHP, SSVHE and SSVHP taggers.

Fixing the shapes from the MC simulation, the amount of b-jets and c-jets in the data can be
fitted (the TFractionFitter method is used [10]). The fit results are presented in Fig. 5 for each

CMS AN AN-10-147
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Abstract

Jets from light quarks and gluons can be misidentified as a b-tagged jet. This mistag-

ging is evaluated from the negative tag information for several b-tag algorithms. The

Monte Carlo simulation is used to apply a correction factor to the negative tag rate in

data. A detailed study of the systematic uncertainties is performed. The mistag rate is

computed as a function of jet transverse momentum and jet pseudo-rapidity. A data

over simulation correction factor is provided.
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B-Tagging Efficiency vs Pt
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B-Tagging Efficiency vs η
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Mis-tagging

• TCHE mis-tagging rate is very high with loose Disc. threshold (1.70).

• TCHE with medium disc. threshold looks like the best option for b-jets resonance 
search (3.30). 

• Can we find out better disc. threshold cut?
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B-tagging Efficiency vs Dijet Mass

• B-tagging efficiency 
as a function of 
corrected dijet mass 
varies from 50% to 
35% using TCHE 
with medium disc. 
threshold.
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