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Abstract. Many high pr physics analyses at the Tevatron contain a b-quark and hence a b-jet in the final
states. We report on the b-jet identification methods in D@ and their performance. For 0.5% of light jet
tagging rate, 40 or 45% of b-jet tagging efficiency is achieved for jets with 35 < Er < 55 GeV and |n| < 1.2.
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1 Introduction

In many high pr physics analyses in the Tevatron, such
as low mass Higgs searches, tf production, and so on, the
final state involves b-quarks or actually b-jets. The cross
sections of these interesting processes are much smaller
than the dominant QCD production cross sections where
many light quark jets (u, d, s, or gluon origin) are created.
For example, tt cross section is ~ 7 pb, while the total
cross section of pp collision at the Tevatron is ~ 80 mb.
Therefore, the identification of b-jets (or b-tagging) is one
of the most important factors in these high ppr physics
analyses.

There are two ideas to discriminate b-jets from light
quark jets. The first is to make use of the lifetime differ-
ence between b-hadrons and the other light hadrons. The
b-hadrons have typically 400 or 500 pum of lifetime in cr.
Because of the lorentz boost, they tend to travel a few mm
before they decay. On the other hand, the hadrons origi-
nated from light quarks decay immediately by the strong
force, cascading into hadrons with much longer lifetime,
such as pions or kaons. As a result, b-hadrons have a de-
cay vertex displaced from the original pp interaction point
(primary vertex), while light hadrons do not. The dis-
placed vertex or charged particles which do not originate
from the primary vertex is the signature to identify b-jets.

The other widely used idea is to find a lepton (either
electron or muon) near the jet. The branching ratio of
semileptonic decay of b-hadrons is about 11% (there is also
b — ¢ — uX cascade decays), while the chance to have
leptons from light hadron decays is much smaller because
of their long lifetime and the lorentz boost. Therefore,
existence of associated lepton is a signature of b-jets.

In this report, we discuss the b-tagging methods using
the first idea in D@, as well as their performance. We
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also make some remarks for b-tagging in both general and
specific in hadron collider.

2 The D@ Detector

The detailed description of D@ detector can be found
in [1]. Here we describe only the charged particle track-
ing system which consists of a silicon microstrip tracker
(SMT) and a central fiber tracker (CFT), both located
within a 2 T superconducting solenoidal magnet. The de-
sign is optimized for tracking and vertexing capabilities at
pseudorapidities |n| < 3, where n = —in(tan(f/2)) and 6
is the polar angle with respect to the proton beam direc-
tion (2).

The SMT is composed of six barrels, 12 centrals disks,
and four forward disks. The barrels and central disks cover
the ~ 25 cm RMS long luminous region or |n| up to 1.5.
The forward disks provides coverage for |n| < 3. Each
barrel is 12 cm long and consists of 72 ladders arranged
in 8 layers with pairs of layers forming four super-layers,
occupying the radial space from 2.7 cm to 10.5 cm. The
strip pitch varies depending on the detector type, and is
typically 50 pm.

The CFT consists of eight super-layers of scintillating
fibers, occupying the radial space between 20 and 52 cm.
Each super-layer is composed of one doublet fibers aligned
along z and another doublet with a stereo angle. The two
inner (six outer) layers are 1.66 m (2.52 m) long. The
outer layers provides coverage for |n| < 1.7. The fiber’s
diameter is 835 pm, leading to doublet layer resolution of
about 100 pm.

3 Methods

In DO we have three methods for b-tagging, two based on
the impact parameter of charged tracks (dp), and the other
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based on reconstruction of the secondary vertex [2]. The
charged tracks are reconstructed using stereo information,
and hence dy and secondary vertex are 3D quantities. The
projection of dy or the decay length from the primary to
secondary vertex in the plane perpendicular to z is used
as discriminant,.

The primary vertices are reconstructed in two passes
using tracks having at least two SMT hits and pr >
0.5 GeV/c. In the first pass, S(dp) of track is calculated
with respect to the coordinate origin. The seed vertices
are formed from tracks with S(dp) < 100. Tracks that
contribute to a x?/d.o.f. greater than a certain threshold
are iteratively removed one by one, and new vertices are
formed until a stable set of seeds is obtained. In the sec-
ond pass, vertex fit is performed using tracks with S(dp)
less than a certain threshold with respect to each seed
vertex. This improves the position resolution on the ver-
tex, because the fit is less affected by poorly reconstructed
tracks. In order to select hard scatter vertex, the pr dis-
tribution of the associated tracks is used. Comparing the
pr of the associated tracks with the distribution obtained
from minimum bias events, the probability for the vertex
to be consistent with that of soft interaction is computed.
The vertex that has the smallest probability is selected as
the primary interaction vertex.

With the primary vertex calculated, dy can be deter-
mined. The sign of dy is given by using jet momentum

vector, pg t, and another vector, @, whose direction is
defined as primary vertex to the closest approach of the
track under consideration. The dy’s sign is the same as

jet

pp X ;5. Figure 1 shows dy divided by its measurement
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Fig. 1. Impact parameter (do) significance in Monte Carlo
simulation for b-jets and light jets.

error, S(dp) = dp/o(dp), referred to as signed significance,
in Monte Carlo simulation (MC). The symmetric distri-
bution in the light jets is caused by the resolution of the
tracking system, while the asymmetry in the b-jets is due
to the b-hadron’s lifetime as explained in Introduction.

In all the three b-tagging methods, K3, A, and photon
conversion are explicitly removed by checking the invari-
ant mass of any two oppositely charged tracks with the
S(do) > 3.

3.1 Counting Signed Impact Parameter (CSIP)

In the first method, named CSIP, tracks near a jet within
a cone of AR = \/¢? +n? < 0.5, where ¢ is azimuthal
angle, are required to have pr > 0.5 GeV/c and |do| <
0.2 (0.4) cm in the plane transverse to (along) z. At least
two hits in the SMT are also required. In addition, the
tracks with A¥ > 0.02, where AV is the opening angle
between the track and jet axis, are accepted only if dj is
positive 1. A jet is assumed to be b-jet if it contains at
least two tracks with S(do) > 3, or at least three tracks
with S(dp) > 2. The operating point, i.e. tightness of the
selection criteria, is varied by changing the threshold of
the pr cut on the tracks.

3.2 Jet Lifetime Probability (JLIP)

In the second method, named JLIP, the same criteria as
CSIP are used for the track selection, except for the AW
requirement. Fach track was categorized by three quan-
tities; p(sin#)®/? where p is the particle momentum, hit
configuration to SMT and CFT, and the number of tracks
associated to the reconstructed primary vertex. In each
category, a resolution function of S(dp) was formed us-
ing only the negative part of the dy. Based on this res-
olution function, a probability for the track to originate
from the primary vertex (Pj.;) can be calculated. Then
all N;', (N;,) tracks associated with the jet with a posi-
tive (negative) S(dp) can be used to compute a jet lifetime
probability P ]et (Pret);

trk
log p*)i
+ i
Pjet =P Z )

where P* = I ”" P, Pt et for light jets are uniform by

construction, whlle P]et

A jet is considered to be a b-jet if Pjtt is smaller than a
threshold.

for b-jets has a peak near zero.

3.3 Secondary Vertex Tagger (SVT)

The third method named SVT reconstructs a secondary
vertex. Tracks are selected in the same manner as JLIP
with one tighter requirement, |dp| < 0.15 cm in the plane
transverse to z, and formed into track-jets using fixed-cone
jet algorithm of AR = 0.5. A seed for secondary vertex
is built from pairs of tracks, which are used to form the
track-jet, with S(dop) > 3. Additional tracks pointing to
the seed according to the y? contribution by the vertex
fit are attached iteratively. A jet is regarded as b-tagged
when it has at least one secondary vertex, whose direction
is within a cone of AR < 0.5 relative to the jet axis, with
a decay length (Lg,) divided by its uncertainty Ly, /oz,
greater than a threshold.

! Tracks with do < 0 are accepted to count so-called negative
tagging rate which is explained in Section 4.
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4 Performance & Issues
4.1 b-tagging Efficiency and Light Jet Tagging Rate

The b-tagging efficiency is measured using two sets of
data. The first one contains muons associated with a jet
(muon-+jet). The second dataset is required to have an-
other jet which is b-tagged as well as the requirement for
the first sample (awaytag). Since the awaytag sample is
inclusive of the muon+jet sample, we assume the relative
fraction of ¢ to light jets are similar in the two samples.
For the jets in the sample we apply two tagging algo-
rithms. The first is the one we are trying to measure the
efficiency, and second a simple muon-tagging 2, leading to
8 equations in total, i.e. no b-tagged sample, sample tagged
by the method under testing, muon b-tagged sample, and
sample tagged by both; and we have muon-+jet and away-
tag sample each. There are 8 unknowns; four are the num-
ber of b-jets and the number of backgrounds (sum of c-jets
and light jets) in each muon+jet and awaytag samples, the
other four are the b-tagging efficiency and the tagging rate
to the backgrounds by each two methods. Solving the 8
equations with 8 unknowns gives the b-tagging efficiency
without relying on much MC information.

One of the major source of systematic uncertainty in
the efficiency measurement is the factorization of b-tagging
efficiency, i.e. it is assumed that the efficiencies are the
same before and after applying muon tagging. The other
major source of systematic uncertainty is the assumption
that the efficiencies are the same for muon-+jet and away-
tag samples. Combining these two and other minor con-
tributions, the relative systematic error in the b-tagging
efficiency measurement is about 3-4% in the relevant Ep
range. In Fig. 2, for example, the absolute systematic un-
certainty in CSIP is shown as a function of Er. The sta-
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Fig. 2. The absolute systematic uncertainty of b-tagging effi-
ciency measurement in CSIP as a function of jet Er.

tistical error is much smaller (less than 1% in relative).

% In the tagging by muon, pr of muon with respect to the
jet axis is required to be above a certain threshold.

In principle, light jets are mis-tagged due to the effects
of inefficiency and resolution in tracking and vertexing.
Therefore, the light jet tagging rate can be estimated by
using the tagging rate computed from negative S(dy) or
L,y/04y (referred to as negative tagging rate). In reality,
however, there are two contributions we have to take into
account; the asymmetric distribution of S(dp) or L,/ U“”ﬁ
in light jets which can be mainly caused by decays of 7
and K*, and the fraction of non-light jets. These two ef-
fects in the negative tagging rate are corrected by MC,
resulting in the light jet tagging rate.

In order to eliminate the effect of fake jet, such as
caused by calorimeter noise, or poor coverage of tracking
system, the b-tagging efficiency below is defined relative
to a so-called taggable jet in which existence of charged
tracks in the jet cone is ensured. The taggability is typ-
ically 85 or 90% in data. The primary vertex position is
also restricted to be |z| < 60 cm.
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Fig. 3. b-jet tagging efficiency vs light jet tagging rate in CSIP
with various pr cuts on tracks which satisfy the S(do) require-
ments.

JLIP performance in real Data
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Fig. 4. b-jet tagging efficiency vs light jet tagging rate in JLIP

with various cuts on Pjtt.

Figure 3, 4, and 5 show the b-tagging efficiency vs light
jet tagging rate measured in data for the three different
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Central Region: b-tagging efficiency vs. light quark tagging efficiency
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Fig. 5. b-jet tagging efficiency vs light jet tagging rate in SVT
with various cuts on Lgy/04y.

methods. The central region (|n| < 1.2) and moderate Ep
range (35 < Er < 55 GeV) of jets are considered here.
With 0.5% of the light jet tagging rate, for example, the
b-tagging efficiencies are about 40 or 45% depending on
the method.
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Fig. 6. b-jet tagging efficiency in JLIP as a function of Er
(top) and |n| (bottom) of jets.

In Fig. 6, b-tagging efficiency in JLIP is shown as a
function of E7 and |n] of jets. The efficiency goes up until
60 GeV as the Ep increases, and then reaches the plateau.
Thanks to the excellent acceptance coverage by the track-
ing system, the efficiency is almost flat up to |n| of 1.5 or
so. Even at |n| = 2, the efficiency relative to the central
region is still 50% or higher.

Among the three methods, the correlation are found
to be around 70% in b-tagging efficiency, and about 20%
in the negative tagging rate. This implies the possibility
of improvement by combining the three methods. The de-
velopment of such combination is in progress where neural
network is employed for the combination.

4.2 Issues

One of the difficulties in the analyses is the fact that the
performance in MC does not reproduce reality. If the dis-
crepancy were uniform in jet Ep and n, or jet Ep and
1 distributions are identical to the data sample used to
measure the efficiency, the analyses would not be so com-
plicated. Analyzer could use simply one scale factor to cor-
rect the efficiency in MC. However, the real world is not
that simple. We therefore measure the b-tagging efficiency
and the light jet tagging rate in bins of jet Er and n, and
parametrized them in the 2D space. This parametrization
must be used in any analyses in D@ which needs b-jet
tagging.

The second issue is the lack of calibration source. There
is no process giving pure b-jets in the hadron collider. D@
has developed the novel technique described above to mea-
sure the efficiency relying minimally on MC. Still there
exists some sources of systematic uncertainty. There is a
future possibility to use b-quarks in top decays, but it is
not realistic given the current statistics in the Tevatron.
Another nasty feature in the hadron collider is that b-jet
can be created by gluon splitting, where two b-quarks exist
within a jet cone. The b-tagging efficiency should be dif-
ferent, but has not been measured independently in data
yet.

The third issue is the performance in high luminos-
ity environment, which will be very crucial in the LHC
experiments. The number of interactions per bunch cross-
ing is about three in the highest luminosity operation so
far. Even with this luminosity, we already see some minor
degradation of performance, which is under current study.

5 Conclusions

To conclude, we have described the methods of identi-
fication of b-jets in D@, how to measure the b-tagging
efficiency and tagging rate to light jets, and the results.
Typically between 40 and 45% of efficiency was achieved
with a fake rate of 0.5%. Some issues both in general and
specific in the hadron collider environment were also dis-
cussed.
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