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Abstract

The current performance of the LHCb track fitting software in
C++ is documented and a strategy for optimizing the fit performance
is presented.
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1 Introduction

The performance of the tracking system and software at the time of the
the Technical Proposal is documented in [1]. Since then several important
changes have occurred:

• The code has been re-implemented in C++ in the context of the Gaudi
framework [2, 3].

• The magnet has been re-designed, leading to a more inhomogeneous
B-field.

• Many aspects of the detector geometry and design have evolved. For
example at the time of the Technical Proposal the outer tracker was
intended to consist of both 5 and 8 mm diameter honey-combs. The
present baseline design assumes that only 5 mm straw-tubes will be
used.

• A simple simulation of the double hit response of the outer tracker is
now implemented.

• A more realistic resolution for the inner tracker of 100 µm is assumed.

In this note the numbers given in [1] for the performance of the tracking
system are updated to reflect these changes.

2 The Kalman filter technique

As in [1] a Kalman filter technique is used to fit tracks. This note is mainly
concerned with the performance of the fit. A more detailed discussion of the
general theory of the Kalman filter and its use in HEP experiments can be
found in [4, 5]. For a detailed discussion of its implementation in LHCb the
reader is referred to [2].

Nevertheless, it is worthwhile to recall that the Kalman filter is a recursive
technique. A track candidate is followed step-by-step through the measure-
ment planes of the detector. At each step a new measurement is added to the
track fit and the state vector and the covariance matrix updated accordingly.
In the end, the Kalman filter is mathematically equivalent to a least-squares
fit. It has several features that make its use in LHCb particularly attractive:
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• Both the tasks of track finding and track fitting can be combined effi-
ciently in one algorithm.

• Measurements from detectors using different technologies (e.g straw
tubes, MSGCs, and Silicon strips) are easily included in the fit.

• The progressive inclusion of measurements avoids the need for a time-
consuming global refit. For example tracks can be found and fitted in
the LHCb main tracker and then projected to the vertex detector with
the full covariance matrix.

• Random perturbations to the track trajectory due to multiple scatter-
ing and energy loss can easily be included in the fit. This is particularly
important in the case of LHCb due to the large amount of material
present in the detector.

In what follows we concentrate on so-called ‘upstream’ tracking, following a
track towards the vertex in the opposite direction to its flight. In this case,
an initial estimate of the track momentum can be gained using the known∫

Bdl of the magnet and by assuming the track originated in the region of
the primary vertex.

3 Weaknesses of the present fit

The current track reconstruction has several known deficiencies that will
be solved in the near future. Firstly, no pattern recognition is done. Hits
are simply assigned to tracks according to the Monte Carlo particle that
caused them. With realistic pattern recognition the quoted resolutions will
deteriorate somewhat due to unassigned hits ,background hits and in the
case of the outer tracker mis-resolved drift ambiguities. First results with a
pattern recognition algorithm [6] show that such effects contribute very little
to the overall detector resolution.

Secondly, the description of the material present in the detector is not op-
timum. All the known material from the vertex detector to end of RICH2
is modelled as a series of vertical walls which are stored in a database built
from the SICb CDF files. However, maintaining this database of materials
walls requires that changes to the CDF files are monitored, understood and
implemented. In practice this is hard. This means that the amount of ma-
terial in the detector is under-estimated in the present fit, which as will be
seen requires the errors due to multiple scattering to be inflated.
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Perhaps the most serious problem concerns the present simulation and digi-
tization procedure. At present only the coordinates of the true entrance and
exit points of the tracking stations are stored in the Monte Carlo tapes. In
order to produce the digitizations the closest distance of approach to a wire in
each of the layers inside each station is needed. This is calculated by using the
entrance and exit points to interpolate to points inside the station. For the
stations outside the magnetic field a linear interpolation is sufficient. Inside
the magnetic field it is necessary to make a circular interpolation to account
for the particle’s curvature. This procedure has two drawbacks. Firstly, at
some level a circular interpolation may be insufficient. Secondly, knowledge
of the particle’s momentum is needed. At present only the momentum at
the production vertex is stored in the Monte Carlo tapes. Energy loss as the
particle traverses the detector means this is not the same as the particle’s mo-
mentum at stations further downstream. For minimum ionizing particles this
probably only matters at low momentum. In the case of electrons which can
undergo hard energy loss via bremsstrahlung the digitizations produced by
this procedure are inconsistent. It is intended to improve the digitization pro-
cedure very soon. For a more detailed discussion of the current digitization
procedure the reader is referred to [7]. Finally, vertex detector information
is not used in the present C++ fit1. As here we are mainly concerned with
the performance of the inner and outer tracker this is not a major concern.

4 Data and track selection

Unless stated otherwise in what follows the numbers presented here were
obtained using standard DSTs containing inclusive b events produced with
the SICb v223 detector database.

The following cuts were used to pre-select the tracks used in this study:

• Particle type π±, K±, µ±, p±

• Track must not curl.

• Number of hits on track > 20.

• z position of first hit < 300 cm.

• z position of the last hit > 750 cm.

1This feature is being implemented at present.
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• ptrue > 1 GeV.

After fitting the following two cuts were made to ensure only well recon-
structed tracks were selected:

• Fit must not fail.

• χ2/NDF < 3.

The effect of these last two cuts is discussed in Section 8.1.

With these fairly loose criteria most of the tracks suitable for use in physics
analyses are selected. There are some exceptions — π± from KS decays
downstream of the minimum z cut and electrons. A brief discussion of the
performance of the fit for electrons is given in Section 9. This selection is
similar to that used to evaluate the performance of the tracking system in
[1]. Tracks that satisfy the weaker criteria used for RICH pattern recognition
studies are not considered in this note.

5 Choice of fit parameters

As transport parameters it is chosen to use x, y, tx = px/pz, ty = py/pz and
κ = Q/p, where p is the momentum and Q the charge of the track. Identical
results are obtained if (as in [1]) the component of momentum perpendicu-
lar to the magnetic field is used instead of the total momentum. However,
choosing the total momentum leads to a noticeable increase in the speed of
the fit.

6 Initializing the fit

In order to start the fit an initial estimate of the track state in the last
station the track traverses is needed. In the absence of a realistic track
finding procedure the Monte Carlo truth information in the last station on
the track is used to provide initial ‘estimates’ of x, y, tx and ty. The errors
on these quantities are taken to be large.

An initial estimate of the track momentum and charge is obtained from the
visible deflection of the track by the magnetic field assuming that it originated
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from the region of the primary vertex using the formula:

Q

p
=

(x− (zmagnet − zvertex)tx)∫
Bdl(zmagnet − zvertex)

√
1 + t2x√

1 + t2x + t2y
(1)

The
∫

Bdl is calculated on a track-by-track basis. Fig. 1 shows the relative
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Figure 1: Comparison of the initial estimate track momentum calculated
assuming the track originated from the primary vertex and the true track
momentum.

difference between the estimated total momentum and the value obtained
from the Monte Carlo truth information. A core resolution of around 2.4% is
obtained though with long tails. The prominent tail towards overestimated
reconstructed momenta is largely due to tracks (such as π± from KS decay)
which originate downstream of the primary vertex. Using this method the
correct track charge is calculated for more than 99.99% of selected tracks.
Based on Fig. 1 and the observed performance of the fit the initial error
on Q/p is conservatively taken to be ±15%. It should be noted that the
performance of the fit is reasonably insensitive to the actual value of this
parameter.
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7 Tuning the fit

Two parameters in the fit can be tuned to give optimal fit performance — one
related to the multiple scattering correction (Section 7.1) and the other to the
energy loss correction (Section 7.2). The tuning of the multiple scattering
and energy loss corrections was done on two small samples of inclusive b
events generated with SICb [8], with the GEANT [9] physics options set to
give:

• Events generated with all physics processes turned off apart from Gaus-
sian multiple scattering.

• Events generated with all physics processes turned off apart from Gaus-
sian multiple scattering and energy loss via dE

dx
.

This approach allows the parameters to be tuned separately and the contri-
bution to the resolution of the various effects to be separated.

However, as many physics processes are turned off some care is needed con-
cerning the track selection criteria. ‘Unphysical’ tracks that pass through
the iron of the magnet or the shielding after RICH 1 are now selected for
fitting with the criteria outlined in Section 4. In reality if a track passes into
the iron of, for example the shield, it is likely that a hadronic interaction
will occur. Therefore, in this of the study the additional criterion that the
track should pass through stations 3,4,5 and 6 is applied. In practice this
additional requirement had little effect on the results obtained, apart from
noticeably reducing the amount of non-Gaussian tail 2.

7.1 Multiple scattering correction

After passing through a thin layer of material of thickness t (in X0) a particle
undergoes a change of direction (multiple scattering) for which the variance
can be expressed as

δθ2 =

(
13.6

p

)2

× t× (1 + 0.038× ln(t))2 × f 2
MS (2)

2This is not surprising — tracks that pass through iron will scatter more and have a
worse momentum resolution.
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where p is the particle momentum in MeV/c. This additional uncertainty is
accounted for by enlarging the entries in the covariance matrix for the slope
parameters by the appropriate amounts. The parameter f 2

MS is a correction
factor that can be tuned to take account of the imperfect knowledge and
modelling of the detector material. Corresponding formulae for thick scat-
terers can easily be derived by breaking down the transport through a thick
scatterer into infinitesimal steps; each of which is treated as a thin scatter
[10]. In what follows it is chosen to consider all the material walls as thick
scatterers.

The parameter f 2
MS was tuned using a small sample of events generated

with all physics processes turned off apart from Gaussian multiple scattering
[9]. A measure of the reliability of the fit are the pull distributions, namely
the difference of the reconstructed and corresponding Monte Carlo quantity
divided by the calculated error. If all the errors are Gaussian and properly
taken into account each pull should follow a normal distribution centred on
zero with unit variance. It is chosen to calculate the pulls at the z position
of the last measurement on the track. Sufficient information is available in
the Monte Carlo tapes to allow this to be easily done for the x, y, tx and ty
parameters. For the momentum pull the momentum at the vertex corrected
for the particles’s energy loss in the vertex detector is used. In Table 1 the
sigmas of the five reconstructed quantities are shown for various values of
f 2

MS. Notice that no tuning is possible that makes all the pulls have unit
variance. Fig. 2 shows the pulls and superimposed fits for f 2

MS = 1.4 — the
value that was taken to be optimal. It can be seen that:

f 2
MS x pull σ y pull σ tx pull σ ty pull σ p pull σ
1.0 1.00± 0.01 1.00± 0.01 1.05± 0.01 1.03± 0.01 1.19± 0.01
1.3 0.97± 0.01 0.98± 0.01 0.94± 0.01 0.92± 0.01 1.11± 0.01
1.4 0.97± 0.01 0.98± 0.01 0.91± 0.01 0.88± 0.01 1.06± 0.02
1.5 0.96± 0.01 0.98± 0.01 0.88± 0.01 0.86± 0.01 1.02± 0.03

Table 1: Pulls values for the quantities reconstructed in the tracking system
for various values of f 2

MS. The error given is statistical only.

• The x and y pull distributions are well described by Gaussian centred
on zero with unit variance.

• The σ’s of the slope parameter pulls are both ∼ 10% less than one.

• The momentum pull distribution is not so well described by a single
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Figure 2: Pull distributions for tracks generated with Gaussian multiple
scattering only.

Gaussian and has ∼ 1% tail. Fitting a double Gaussian gives a good
χ2 and a core sigma of 1.06.

The tail of events with poorly reconstructed momenta can also be seen seen
in Fig. 3 where (pRec− pTrue)/pTrue is plotted. A double Gaussian fit gives a
core resolution of (3.2± 0.1)× 10−3, with (1.6± 0.2)% of tracks fall outside
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3 σ. No obvious reason could be found for either the asymmetric nature of
the tail or the slight (∼ 0.7× 10−3) shift in the Gaussian core.
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Figure 3: Momentum resolution for tracks generated with Gaussian multiple
scattering only.

7.2 Correction for ionization energy loss

The resolution of the LHCb spectrometer is high enough for the effects of
energy loss through ionization to be significant compared to the detector
resolution. A correction for this energy loss can easily be applied at each
filter step if the dE

dx
of the particle in the material is known. At present the

dE
dx

energy loss is parameterized as :

(
dE

dx

)
ion

= cion/X0 (3)

where a universal value of cion is assumed for all materials. The effect on
the covariance matrix of energy loss is small and can be safely neglected.
The optimal value of cion was found by tuning the reconstructed momenta to
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obtain the same average value as for the generated momenta. Using a sample
of events generated with Gaussian multiple scattering and energy loss turned
on, a value of 85 MeV was found for cion. The pulls distribution for this Monte
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Figure 4: Pull distributions for tracks generated with Gaussian multiple
scattering and energy loss.

Carlo sample are shown in Fig. 4. They are all largely unchanged compared
to Fig. 2 apart from the sigma of Q/p pull which has increased from 1.06±0.01
to 1.11±0.01. This may be partly statistical. On the other hand it may also
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be due to the imperfect nature of the dE
dx

correction. The core momentum
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Figure 5: Momentum resolution for tracks generated with Gaussian multiple
scattering and energy loss.

resolution (Fig. 5) was also found to have degraded to (3.6±0.1)×10−3 and
(3.3± 0.3)% of tracks were found to lie outside 3σ. Notice that a significant
amount of the tail lies at low values of the reconstructed momenta. This
may be explained by the Landau tail of the energy loss distribution [9] or
alternatively by tracks that pass through detector frames and undergo a
sizeable energy loss.

7.3 Summary

Several important observations can be drawn from this study:

• With only Gaussian multiple scattering:

– The pulls are good to ∼ 10%.

– The core resolution is 3.2 × 10−3 and there is some little non-
Gaussian tail.
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• Turning on energy loss via dE
dx

:

– The momentum resolution deteriorates to 3.6× 10−3.

– The amount of non-Gaussian tail increases to 3.2%

Given the inadequacies of the current modelling of the detector material in
the fit these observations seem quite reasonable.

8 Current performance of the fit

After the tuning of the fit parameters the performance of the fit for inclusive
b events generated with the full detector simulation is now considered. The
criteria used to select tracks for this study are those described in Section 4.

8.1 Rejection of badly fitted tracks

For certain tracks the fit diverges and fails. It was found that for 1 per mille
of the tracks selected for this study the fit failed.

To investigate in more detail why the fit failed a small sample of events were
scanned using a simple visualization tool. Ten tracks were found where the
fit failed. Of these four had a visible ‘kink’ in the non-bend plane (perhaps
due to a large multiple scatter), two passed close to the edge of the magnet
and one passed close to the beam-pipe. There was nothing obviously wrong
with the remaining three tracks. Fig. 6 shows an example of a track with a
visible kink in the non-bend plane. It is possible that some of these tracks
may be partially recoverable. For example the track shown here could be
fitted downstream as far as station 5.3 In what follows those tracks that
could not be fitted are excluded. In addition to reject badly fitted tracks it is
required that χ2/NDF < 3.. This removes (3.13± 0.03)% of tracks mainly
from the tails of distributions.

3It should also be noted that with realistic pattern recognition the kink may not even
be found.
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Figure 6: Example of a track that fails the track fit due to the large kink in
the track in station 6. The non-bend plane is shown. Not to scale.
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8.2 Resolutions and pulls

Fig. 7 shows the distribution (prec−ptrue)/ptrue for tracks from the standard
DSTs reconstructed with the tuning discussed above. A double Gaussian fit
gives a core momentum resolution of 3.4×10−3. It is found that (5.12±0.04)%
of the tracks now lie outside 3 σ. In Fig. 8 the pulls for the five reconstructed
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Figure 7: Momentum resolution for tracks generated with the full detector
simulation.

track parameters are shown. Superimposed on each is the result of a double
Gaussian fit. Taking the sigma of the narrower of the two Gaussian’s as
representing the pull it can be seen that the x, y and momentum pulls (and
hence the calculated errors) are good to ∼ 5% or better. However, the pulls
on the slopes parameters tx, ty are about 20% too low. It should be noted that
these are the quantities that are most sensitive to the treatment of multiple
scattering . The pulls and resolutions of the quantities reconstructed in the
tracking system are summarized in Table 2.
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Figure 8: Pull distributions for tracks generated with the full detector simu-
lation.

Parameter Resolution Pull σ
x 54 µm 1.0
y 78 µm 0.99
tx 2.2× 10−4 0.79
ty 2.6× 10−4 0.79
δp
p

3.5× 10−3 1.06

Table 2: Resolutions and pulls of the quantities reconstructed in the tracking
system. All quantities are calculated at the last measured point on the track.
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8.3 Resolution as a function of momentum

The main purpose of the tracking system is to provide an estimate of the
track momentum. It is typically expected that the momentum resolution
can be parameterized using the Gluckstern formula:

(
δp

p

)2

= A2
ms + (Bres × p)2 (4)

where the first term is due to multiple scattering and the second due to the
finite coordinate resolution of the detector. However the distribution of mate-
rial in the LHCb detector is quite inhomogeneous. In addition measurements
come from devices (inner or outer tracker) with different intrinsic coordinate
resolution. This means as will be seen each track is different and there is no
simple Gluckstern parameterization possible. The momentum resolution can
be obtained in two ways:

• From the error calculated during the fit.

• By fitting (prec − ptrue)/ptrue in bins of p.

In principle the first method is easier. All that needs to be done is plot
the calculated δp

p
in bins of momentum. The mean of each momentum bin

then gives an estimate of the resolution. In practice this was found not to
work. As an example Fig. 9 shows the calculated momentum resolution for
tracks between 10− 15 GeV. There is obviously a large amount of variation
in the calculated error for each track 4 with large tails. The tails were found
to be largely due to tracks that passed through the frames of the inner
and outer tracker. These tails cause taking the mean to overestimate the
overall momentum resolution and also leads strange effects as a function
of momentum. Therefore, the following alternative strategy is used. For
each momentum bin the most populated δp

p
bin (‘the mode’) is taken as

representing the resolution. This value is then scaled by the pull factor (1.06)
to account for the fact that the track fit underestimates the momentum error.
The result is plotted as a function of momentum in Fig. 10. A fit to the
Gluckstern parameterization gives Ams = 3.08× 10−3 and Bres = 3.8× 10−5.

Fig. 11 shows the result of fitting (prec − ptrue)/ptrue in bins of p. The error
on each point has two components:

4If every track was described by the same Glückstern parameterization all the tracks
would lie within one bin.
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Figure 9: Momentum resolution calculated by the fit for tracks in the mo-
mentum range 10− 15 GeV.

• Statistical error on fit

• Systematic error due to choice of fitting region. Varying the fit region
it seems reasonable to assign an error of 0.1× 10−3 due to this effect.

The result of fitting the Gluckstern parameterization to the points above
2 GeV is also shown in Fig. 11. The resolution clearly deviates from this
form at low momenta. There are several possible reasons for this:

• The problems with the digitizations mentioned in Section 3 are ex-
pected to be largest at low momenta.

• Low momentum tracks typically leave the detector earlier and thus
have less measurements on them. However, in this case the the effect
would also show up in the calculated resolution (Fig. 10) — which is
not the case.

• Low momentum tracks may ‘see’ more material than high momentum
tracks as they are more likely to pass close to the edge of the acceptance
where there is more material present in the form of detector frames and
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Figure 10: Momentum resolution calculated by the fit as a function of p/GeV.
The best fit to the Gluckstern parameterization with Ams = 3.08× 10−3 and
Bres = 3.8× 10−5 is superimposed.

the iron of the magnet. Some of this material is not accounted for in
the current fit.

Disentangling the size of these contributions to the observed effect is not
trivial.

Fitting the points above 2 GeV with the Guckstern parameterization gives
Ams = 3.29 × 10−3, Bres = 3.6 × 10−5. These numbers agree with those
obtained using the first method at the level of 10%. Given that the two
methods treat the tail of the resolution distribution differently this level of
agreeement seems reasonable.

From the results of both methods it is clear that multiple scattering is the
dominant contribution to the resolution on the momentum measurement for
tracks with momenta less than ∼ 60 GeV. Extrapolating the curve it is found
that the contributions from multiple scattering and coordinate resolution
becoming comparable at a momenta of around 150 GeV — close to the edge
of the momentum range that needs to be covered by the LHCb tracking
system.
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Figure 11: Fitted momentum resolution as a function of p/GeV. The best
fit to the Gluckstern parameterization with Ams = 3.29 × 10−3 and Bres =
3.6× 10−5 is superimposed.

8.4 Contribution of different spectrometer parts

It is also interesting to consider the separate contributions of the inner
and outer tracker to the observed momentum resolution. As can be seen
from Fig. 12 most tracks at some point pass through both the inner and
the outer tracker no simple classification of tracks as ‘inner tracker-like’ or
‘outer tracker-like’ is possible. Therefore the following ‘reasonable’ criterion
is adopted. If 75% of the measurements on a track are in the outer (inner)
tracker it is considered an outer (inner) tracker track, othewise it is consid-
ered as a ‘mixed’ track.

In Fig. 13 the momentum spectra for each of the three types of tracks is
plotted for all tracks in inclusive b events. As expected given the correlation
between polar angle and momentum the spectrum for tracks passing through
the outer tracker is softer than that for those passing through the inner
tracker. The fitted momentum spectra is shown for outer, mixed and inner
tracks in Fig. 14 (a), (b), and (c) respectively. The results of fits to the
Gluckstern formula are summarized in Table 3.
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Figure 12: Fraction of track hits in the outer tracker. A reasonable definition
of an ‘outer tracker track’ is a track with such a fraction > 0.75.

Track Type Ams Bres

Outer tracker 3.23× 10−3 4.7× 10−5

Mixed 3.29× 10−3 3.8× 10−5

Inner tracker 3.0× 10−3 3.6× 10−5

Table 3: Summary of results of fits to the Gluckstern parameterization for
the various track types.
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Figure 13: Momentum distributions for tracks in inclusive b events in differ-
ent parts of the spectrometer.
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Figure 14: Fitted momentum resolu-
tion as a function of p/GeV for (a) the
outer tracker, (b) mixed, and (c) the
inner tracker.
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Several points immediately become apparent. Firstly, given that the momen-
tum for tracks passing through the outer tracker is at most around 40 GeV
it is clear that the resolution of the outer tracker has little impact on the
momentum measurement. For example if the resolution of the outer tracker
was halved there would little improvement to the overall momentum mea-
surement. Secondly, since the momenta of tracks passing through the inner
tracker is higher the impact of the resolution of the inner tracker on the mo-
mentum measurement is larger. Finally, it is interesting to note that tracks
passing through the inner tracker see slightly less material than those passing
through the outer tracker. This might be expected as tracks passing through
the inner tracker are less steeply inclined compared to those passing through
the outer tracker.

9 The electron fit

The large material budget in the tracker and RICH detectors and the result-
ing hard energy loss for electrons represent a considerable challenge for track
fitting in LHCb. Here we simply describe the present situation and suggest
ways in which the electron tracking may be improved in the future.

As shown in [4, 11] the correction for radiative energy loss in the case of
upstream tracking is:

(
Q

p

)′
=

Q

p
e−t (5)

where t is the traversed distance in radiation lengths. The corresponding
contribution to the covariance matrix is:

∆cov(
Q

p
,
Q

p
) =

(
Q

p

)2

(e−t ln3
ln2 − e−2t) (6)

It is worth noting that the p.d.f. for electron energy loss is highly asymmetric
and long tailed. Consequently electron energy loss is not well modelled by
Gaussian errors as assumed in the linear Kalman filter. This means correcting
for electron loss in the Kalman filter is intrinsically poor.

Fig.15 shows the momentum resolution obtained for electrons for two cases.
In the first case (a) no correction for hard energy loss is applied, in the
second (b) a correction is applied when transporting between z = 2.5 m.
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and z = 9 m.5 It can be seen that applying the correction degrades the
core resolution from around 4 × 10−3 to 3%. This is to be expected as the
correction is applied to all electrons even those that do not emit radiated
photons. However, the tail of the distribution is improved. For example, the
percentage of electrons having a reconstructed momentum within 10% of the
generated value increases from 59% to 64%. In Fig. 16 the corresponding
momentum pulls are shown. Applying the correction seems to significantly
improve the momentum pull distribution.
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Figure 15: Momentum resolution for electrons. In (a) no correction for hard
electron energy loss is applied. In (b) a correction for electron energy loss is
applied (see text).

As mentioned in Section 3 the electron fit should improve when the current
digitizations are replaced. It will also be investigated whether some further
tuning of the current correction is possible. Beyond that it will be inves-
tigated whether the electron fit can be improved by including calorimeter
information. For example energy radiated before the magnet can be lo-

5This is the criteria used for the technical proposal and was chosen to give optimal
performance [4, 12].
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Figure 16: Momentum pull distributions for electrons. In (a) no correction
for hard electron energy loss is applied. In (b) a correction for electron energy
loss is applied (see text).

cated by linearly extrapolating the track segment before the magnet to the
calorimeter.

10 Summary

In this note the performance of the present OO track fit has be shown to
good. A core momentum resolution of around 3.4 × 10−3 has been found.
In addition it has been demonstrated that the momentum measurement is
dominated by multiple scattering in the detector. A coherent strategy for
tuning fit parameters using simplified Monte Carlo samples has also been
presented. This has led to several interesting observations, perhaps the most
important of which is that dE

dx
loss contributes significantly to the observed

core momentum resolution and gives rise to a significant amount of non-
gaussian tail. It should be investigated whether the dE

dx
correction can be

improved. Other areas where the fit performance can be improved are:
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• Better digitization procedure.

• Improved description of the detector material.

• Better understanding of the fit behaviour at low momentum

• Improved electron fit.

The first item will be addressed in the near future. The second and last points
require a lot more work but will start to be addressed on the time-scale of a
year. An improved understanding of the fit behaviour at low momentum will
hopefully come about as the other issues are addresed. This study should
also be repeated in the future when Velo information becomes available to
use in the fit.
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