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Chapter 6

Charm finding

This chapter is organized as follows. First, the reconstruction of the D0 charm

meson is described. A total sample of candidates is found. Second, the total

sample is further divided into two sub-samples: the tagged sample, consisting of D0

mesons originating from a D∗+ decay, and the untagged sample, of D0’s originating

elsewhere. Based on the tagged sample, a method is developed for removing a fake

reflected component of the signal in the untagged sample. Third, the cleaned signal

is optimized, based on parameters computed at the D0 decay vertex. The signal is

studied as a function of the virtuality Q2 of the event, the transverse momentum

and pseudo-rapidity of the charm meson as well as Bjorken x. Last, a comparison

between data and simulation is made.

6.1 Charm at Zeus

In Zeus, the charm content of the proton can be probed in various ways. Several

techniques suited to investigating charm are explained in this chapter.

Free quarks or gluons cannot exist individually, due to color confinement. The

process of formation of hadrons out of free quarks or gluons is called hadronization.

The narrow cone of particles created by the hadronization of a single parton is

called jet. Most charm quarks hadronize into charm mesons. The charmed vector

mesons (D∗+, D∗0 and D∗+
s and their antiparticles) always decay to charmed pseudo-

scalars (D+, D0 and D+
s and their antiparticles). Those decays are either strong or

electromagnetic and from the experimentalist’s point of view the vector mesons have

zero life-time: a charmed vector meson created at the interaction point will decay to

a pseudo-scalar at the interaction point. The pseudo-scalar will continue its flight
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for a relatively short time before decaying. D0 is the shortest lived pseudo-scalar

charmed meson: it has a lifetime of (410±1.5)×10−15 seconds, as listed by Particle

Data Group in 2006 [43], or , in experimental units, a “cτ” of 123 μm. The slightly

more massive D+ lives almost 3 times longer: cτ = 311 μm. The ZEUS detector is

powerful enough to resolve secondary decay vertices associated with charmed meson

decays.

6.2 D0 reconstruction

6.2.1 The algorithm

D0 mesons will be reconstructed via the decay channel D0 → K− + π+ which

accounts for 3.8 % of all D0 decays. The daughter particles, kaons and pions, are

both electrically charged and long lived. These will generate hits in the tracking

detectors and their path can therefore be reconstructed.

D0 reconstruction is performed as follows: for each event a list of high quality

tracks is made. Criteria for selecting good tracks are:

• the number of hits in the MVD (at least 2 hits required)

• the number of crossed superlayers in the CTD (minimum of 3 superlayers

required)

• a minimum transverse momentum of 0.2GeV.

These requirements ensure that the selected tracks are well defined and are con-

strained to the central region of the ZEUS detector where the reconstruction ef-

ficiency is higher and acceptance well understood. The criteria also remove ghost

tracks found in the pattern recognition. Ghost solutions can be created by com-

bining good segments from different tracks. They almost never link well with the

MVD information.

For each event, all two-track combinations are made with tracks of opposite

charge. No absolute value for the charge of the kaon and pion candidates is required

therefore allowing the reconstruction of D̄0 as well. The best secondary vertex

formed by the track pair is calculated. The track momenta are recomputed at

the secondary vertex using the smoothing procedure described in Chap. 4. The

invariant D0 mass is calculated at the vertex. Candidates with a mass m(D0) ∈
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[1, 2.5] GeV are kept. In order to reduce the background, further cleaning cuts are

introduced such as minimum transverse momenta for both the K and π as well as

for the reconstructed D0. Candidates are reconstructed only in the pseudo-rapidity

region of η ∈ [−1.6, 1.6]. The reconstructed D0’s could be either directly produced

in the hadronization process of the charm quark or could come from a charmed

vector meson decay, such as D∗0 → D0 + γ and D∗+ → D0 + π+.

6.2.2 Signal and background.

The entire 2005 e−p dataset was used to produce the D0 invariant mass plot shown

in Fig. 6.1. The corresponding kinematic range is 5 < Q2 < 1000GeV2, 3 <

PT (D0) < 20GeV, |η(D0)| < 1.6. The signal has been enhanced by demanding

that |η(K, π)| < 1.6 and PT (K, π) > 0.8GeV. The histogram is fitted with a

modified Gaussian signal superimposed on a modified exponential background:

F(m) = (am + b) exp [c(m− 1.73)] + A exp

⎡
⎣−

( |m−m0|
2σ

)“
1+ 1

1+|m−m0|/(2σ)

”⎤
⎦

(6.1)

The modified Gaussian was chosen based on the fact that the signal does not have a

fixed width: its resolution depends slightly on the K and π daughter track momenta.

The background function, an exponential with varying amplitude, fitted the easiest

to the the regions outside the signal peak.1

A clear signal can be seen at the fitted value of m0 = 1.864GeV, on top of a

large but smooth background2. There are 7440±233 signal events extracted by the

fit. The statistical error has been computed as ΔN(D0) =
√

N + B where N is

the number of candidates and B is the number of background combinations under

the peak. The sudden rise in background for mass values below 1.73GeV is due to

another D0 decay, D0 → K− + π+ + π0. By leaving out the π0 daughter track, a

smeared out peak appears in the background below values of m = m(D0)−m(π0) ∼
1.73GeV. This feature has been taken into account by allowing the fit function to

change slope around the mentioned value (two sets of a, b and c parameters).

The candidates were divided into two sub-samples: if the D0 candidate was

found to have originated from a D∗+ → D0 + π+ decay, then the candidate was

1The MINUIT package [44] found the lowest χ2 when fitting this particular background function
to the data points, w.r.t. to several polynomial functions.

2The PDG[43] value for D0 invariant mass is 1864.5± 0.4MeV.
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Figure 6.1. D0 invariant mass for the kinematic range: Q2 > 5GeV2, 3 < PT (D0) <
20GeV and |η(D0)| < 1.6. The plot corresponds to 127 pb−1 of e−p collisions recorded
in 2005. The fit parameters of the function from eq. 6.1 are listed on the top right: the
meson invariant mass m0 = 1.864GeV, the width of the modified gaussian, σ = 15MeV

and so on. A total of 7440 ± 233 candidates was found.

labeled as “tagged”. The rest of the candidates which were not associated with D∗+

decays formed the “untagged “ sample. Below, a detailed description is given of

how the tagging procedure was carried out and what the advantages are of dividing

the sample into tagged and untagged sub-samples.

6.2.3 D0 originating from D∗+ decays

D∗+ can be best reconstructed using the golden decay mode D∗+ → D0 + π+
s →

K−+π+ +π+
s . Here, πs means that the pion is “slow” or almost at rest in the D∗+

center of mass due to phase-space considerations: the D∗+ and D0 masses are only

145.15MeV apart and the π+ has a mass of 139.57MeV.

For each event, a search for D0 candidates is performed as described previously.

A third track is then added as the slow pion, with the constraint that its electric

charge be opposite to the charge of the assumed kaon. A minimum transverse

momentum for the slow pion was required: pT (πs) > 0.125GeV. Let δm = m(D∗)−
m(D0). Then, by keeping only those D0 candidates for which a slow pion was found

such that 0.143 < δm < 0.148GeV, a clean sample of D0’s coming from D∗ decays

is selected. This sample will be referred to as the “tagged” sample. All other D0

candidates which fail the δm cut form the “untagged” sample. The invariant mass
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difference δm is plotted in Fig. 6.2. The signal has been greatly enhanced by

additionally requiring a “genuine” D0: 1.8 < m(D0) < 1.92GeV (right plot).
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Figure 6.2. The invariant mass difference δm = m(D∗) −m(D0) is shown (left). The
signal has been enhanced greatly by requiring 1.8 < m(D0) < 1.92GeV(right). The
fitted peak value is 0.1454GeV, identical to the PDG value [43].

6.2.4 The reflected signal

As the slow pion’s charge is selected opposite to the kaon charge, the kaon and the

pion are identified without ambiguity. For the candidates belonging to the untagged

sample, there is no way to uniquely identify the kaon and the pion; therefore, the

invariant mass distribution in Fig. 6.1 contains not only the signal and combina-

torial background but also a component from the signal with incorrectly assigned

particle identifications. Wrongly assigned combinations are unavoidable within the

untagged sample. The wrongly assigned candidates add both to the background

and to the signal of the invariant mass distribution but with different weights. For

very high values of the D0 momentum, the kaon and pion momenta contribute sig-

nificantly more than their masses when reconstructing the mass of the D0 mother

and therefore wrongly assigned candidates will also exhibit a peak at the same mass

value as the D0 meson. At very low momenta of the D0 meson, wrongly assigning

masses leads to a well spread invariant mass distribution which does not contribute

to the signal more than to the background. In general, the wrongly assigned can-

didates produce a so-called “reflected signal”. The tagged sample is in this respect

reflection-free. Fig. 6.3 shows the invariant mass distribution of both the tagged

and the untagged samples. There were 1668 ± 46 tagged candidates found and

5747± 228 untagged candidates found.
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Figure 6.3. Left plot: invariant mass distribution for tagged D0’s (coming from D∗

decays). Due to phase-space and right charge selection, the background is much reduced
w.r.t. Fig. 6.1. Right plot: invariant mass distribution for untagged D0’s.

One can now produce a purely reflected invariant mass distribution by wrongly

assigning masses to the kaon and the pion tracks for the tagged sample. In this way,

the artificially induced reflection can be studied and used further to remove the re-

flection within the untagged sample. The reflection produced by the tagged sample

is shown in Fig. 6.4. In order to remove reflected signal from the untagged sample,
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Figure 6.4. Invariant mass for the reflected signal produced by tagged D0 sample. The
number of entries in the above histogram equals the number of entries in Fig. 6.3 but the
peak structure is lost.

the reflection displayed in Fig. 6.4 is scaled up and subtracted from the untagged

sample invariant mass distribution. The scale factor is not known a priori. This is

due to the fact that the efficiencies of the tagged and untagged sample differ as the

efficiency of selecting the slow pion, which acted as a discriminant between the two



6.2 D0 reconstruction 77

samples, is less than 100%. Therefore, the subtraction of the reflected signal is per-

formed in an iterative fashion, also described in [45]. A good starting value for the

scaling factor at the first iteration is the ratio of tagged/untagged candidates. The

iteration continues until the scale factor settles to a value3. The mass distribution

corresponding to the untagged sample, after the iterative subtraction, is presented

in Fig. 6.5. The number of untagged candidates was reduced from 5747 to 5215.
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Figure 6.5. Invariant mass distribution for the untagged sample, after reflection sub-
traction. A total of 5215 ± 221 candidates was found. By comparing to Fig. 6.4, the
reflection contributed to as much as 9 %.

The reflection contributed to as much as 9 % of the total signal.

6.2.5 Improving the signal versus background ratio

As the charmed meson decay vertex is explicitly reconstructed, several tagging vari-

ables can serve as good tuning cuts when scrutinizing the ratio
√

N + B/N , where

N is the number of candidates and B the number of background combinations under

the mass peak. This ratio represents the relative error on the number of candidates

and it is this error that propagates directly into the error on the (differential) cross-

sections. Cuts on the decay length, the decay length error, the “cτ” of the meson

candidate as well as the χ2 of the secondary vertex need to be optimized such that

the relative error on the signal is minimum.

3The iteration converges quickly. The first two iterative steps return: 5747(start
value)→5124(1st step)→5238(2nd step)→etc
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χ2 of the secondary vertex

χ2 is a measure of how well the vertexing procedure has performed. The decay

vertex quality had been optimized at the vertexing level, by keeping only vertices

with χ2 < 16. Two helix tracks of 5 parameters each have 10 degrees of freedom

in total. After vertexing the two tracks to one vertex, there are only 9 degrees of

freedom left: the 3-dimensional vertex position and two 3-dimensional directional

momentum vectors of the two tracks at the vertex. Therefore, the χ2/ndof = 16 is

equivalent to a 4σ confidence level.

The relative error on the signal is studied while varying the χ2 cut: χ2 < χ2
cut ,

with χ2
cut ∈ {1, 2, 4, 6, 8, 16}. The results are presented in Table 6.1. The smallest

relative error was obtained for χ2
cut = 8 beyond which the relative error remains

constant. Setting χ2
cut = 8 is equivalent with accepting almost all secondary ver-

tices4. Accepting candidates with vertices whose χ2 is larger than this value would

not change the relative error on the signal but would further lower the purity of the

sample.

χ2cut Nr. candidates Relative Error

1 4773 3.81 %

2 5568 3.42 %

4 6318 3.21 %

6 6603 3.17 %

8 6695 3.13 %

16 6951 3.13 %

Table 6.1. The variation on the number of candidates when varying χ2
cut. Each row

corresponds to a fitted signal value. The smallest relative error is obtained when χ2
cut ≤ 8.

Primary vertex χ2 increase due to pseudo-track fitting

A neutral pseudotrack has been reconstructed for each D0 candidate following the

method described in Sec. 4.3.1. Furthermore, the pseudotrack was refitted to the

primary vertex. A new primary vertex position and its corresponding χ2 increase

were computed. The signal and its relative error is studied for various cuts on the

χ2
increase induced by the new fit to the primary vertex and the results are given

in Table 6.2. The relative error on the signal increases rapidly when the sample

4A cut of χ2 = 9 is equivalent to a 3 σ confidence level: only 1% of the genuine signal is lost.



6.2 D0 reconstruction 79

χ2
increase Nr. candidates Error Relative error

1 1542 113 7.4 %

4 4015 179 4.4 %

6 4810 195 4.0 %

10 5815 209 3.5 %

20 6729 221 3.2 %

Table 6.2. The variation of the number of candidates with varying the χ2
increase cut in

χ2 < χ2
increase , after fitting the D0 neutral pseudotrack to the primary vertex as described

in section 4.3.1. Each row corresponds to a fitted signal. The smallest relative error is
achieved when using the entire data sample ( no χ2

increase cut).

size is reduced. The χ2
increase proves to be a poor discriminant between signal and

background. Nevertheless, the χ2
increase cut can be a useful tool when searching for

D0 candidates not coming from the interaction point, such as in B meson decays.

Decay length. Significance of the decay length

The decay length is the distance between the secondary vertex and primary interac-

tion point: l = |	l| = | 	x2 − 	x1|. The decay length is signed, as explained in Sec. 4.3.

The significance of the decay length is defined as the signed decay length divided

by its error:

σl =
l

Δl
· sign(	l · 	P ) (6.2)

Pure combinatorial background as well as light flavor decays produce symmetric

distributions of the signed decay length and its significance. In Fig. 6.6 the signif-

icance distribution of all combinations is plotted. The plot exhibits an excess for

positive σl with respect to its mirrored negative region. The excess is due to heavy

flavor decays, among which charm decays contribute most. The central saddle point

is a phase-space effect: as l → 0 so does the 4πl2dl volume element and therefore the

number of combinations per volume element in the “decay length” space becomes

smaller.

The m(K, π) invariant mass distribution has been fitted for various significance

cuts σ ≥ σcut with σcut ∈ {−2,−1, 0, 1, 2, 3, 4, 5, 6, 7, 8}. The results are shown

in Table 6.3. A relative error of 3.2 % is achieved at σcut = 1. This cut also

enhances the charm purity within the selected sample by increasing the signal over
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Figure 6.6. The signed decay length significance for all combinations exhibits excess on
the positive side due to genuine heavy flavor decays. The negative left side of the plot is
also shown as mirrored on the right side.

background ratio.

σcut Nr. of candidates Error Relative error

-2 6768 267 3.9 %

-1 6250 201 3.2 %

0 5454 177 3.2 %

1 4527 148 3.2 %

2 2707 106 3.9 %

3 1350 76 5.6 %

4 659 59 8.9 %

5 348 48 13.7 %

6 192 42 21.8 %

7 158 38 24.0 %

Table 6.3. Variation of the number of candidates with varying the cut σl ≥ σcut. Each
row corresponds to a fitted signal. The relative error is smallest when σl = 1 .

cτ of the meson candidate

The proper time is reconstructed as:
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cτ = βγl =
m

|	P | l = m
lxy

PT

(6.3)

where β = v/c and γ = 1/
√

1− β2, l is the signed decay length and 	P the charm

meson momentum. The signal versus background ratio has been studied for various

cuts of cτ > cτcut with cτcut ∈ {0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1}mm. The

results are tabulated in Table 6.4. The smallest relative error is when cτcut = 0

which is implicit when cutting on the D.L. significance: σcut = 1.

cτcut Nr. of candidates Error Relative Error

0.0 5454 177 3.2 %

0.1 4419 151 3.4 %

0.2 2894 117 4.0 %

0.3 1770 92 5.1 %

0.4 969 75 7.7 %

0.5 588 64 10.8 %

0.6 391 56 14.3 %

0.7 250 50 20.0 %

0.8 185 46 24.8 %

0.9 127 42 33.0 %

Table 6.4. The variation on the number of candidates when varying cτcut. Each row
corresponds to a fitted signal value. The smallest relative error is obtained when cτcut = 0.

So far, the cuts we explored produced larger relative errors when applied, except

the decay length significance cut. Unfortunately, the D0 meson proves to be a

difficult particle to track due to its short lifetime. As the error on the secondary

vertex reconstruction is of the order of hundred microns, the same as the charm

meson cτ , tools that discriminate between charm and light flavor decay and which

worked extremely well when reconstructing other (longer lived) charm mesons [46]

fail when applied to D0 decays because at large enough distances/proper times,

where the background combinations are very few, the charm meson signal is also

depleted by the rapid decay.



82 Charm finding

6.3 Unfolding the signal

The invariant mass distributions for m(K, π) will be shown in bins of transverse

momentum PT and pseudo-rapidity η of the D0 meson as well as x and Q2 of the

interaction, for the untagged sample. The kinematic range and all the selection cuts

are given below:

• Kinematic range

– Q2
DA > 5GeV2

– 3GeV <PT (D0) < 20GeV

– −1.6 < η(D0) < 1.6

– 0.02 < yDA < 0.7

• DIS selection

– primary vertex position: −30 cm < Z(vtx) < 30 cm

– electron energy: E(e−) > 10GeV

– E − PZ = δ of the event: 40GeV < δ < 65GeV

– yJB > 0.02

– yel < 0.95

• D0 selection cuts

– PT (K) > 0.8GeV, PT (π) > 0.8GeV

– |η(K)| < 1.6

– |η(π) < 1.6

– at least 3 superlayers in the CTD for both K and π

– at least 2 hits in the MVD for both K and π

– applying reflection correction for wrongly assigned tracks (reflection sub-

traction).

A total number of 3156± 136 candidates was found.
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6.3.1 PT spectrum

The signal has been reconstructed for the following bins in transverse momentum

of the charmed meson: PT ∈ {3, 3.5, 4.5, 6, 20}. The different signals are shown in

Fig. 6.7. The change in slope at around 1.73GeV becomes more evident at higher

PT . The width of the signal goes through a minimum value after which increases

again, with increasing PT . The fit values and their errors, for each PT bin, are given

in Table 6.5.
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Figure 6.7. m(K,π) distribution for 4 transverse momentum bins. The signal corre-
sponds to the untagged sample, reflection subtracted.

6.3.2 η spectrum

The signal has been reconstructed for the following bins in pseudo-rapidity of the

charmed meson: η ∈ {−1.6,−0.8,−0.4, 0, 0.4, 0.8, 1.6}. The different fitted distri-

butions are given in Fig. 6.8. The background is higher in the forward region as
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Bin edges [GeV] Signal Statistical Error

3− 3.5 654 ±72

3.5− 4.5 960 ±78

4.5− 6 773 ±63

6− 20 777 ±55

Table 6.5. The signal is unfolded in 4 bins of PT (D0). The bin edges and the absolute
statistical error are given.

there are more forward tracks due to the high momentum of the proton. As a con-

sequence, the (relative) error on the signal is higher in the forward region. The fit

values and their errors, for each η bin, are given in Table 6.6.

Bin edges Signal Statistical Error

[−1.6]− [−0.8] 348 ±43

[−0.8]− [−0.4] 590 ±48

[0.4]− 0 595 ±56

0− 0.4 654 ±59

0.4− 0.8 590 ±59

0.8− 1.6 397 ±63

Table 6.6. The signal is unfolded in 6 bins of η(D0). The bin edges and the absolute
statistical error are given.

6.3.3 Q2 spectrum

The total Q2 range has been divided as: Q2 ∈ {5, 15, 40, 100, 1000}. The fitted

signals are presented in Fig. 6.9. The fit values and their errors are tabulated in

Table 6.7. The highest Q2 bin exhibits a significantly wider signal width.

6.3.4 x spectrum

The x range of the event has been partitioned as: x ∈ {10−4, 5 · 10−4, 10−3, 3.5 ·
10−3, 10−1}.The fitted histograms are shown in Fig. 6.10. The fitted signal values

and their errors are tabulated in Table 6.8.
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Figure 6.8. m(K,π) distribution for 6 pseudo-rapidity bins. The signal corresponds to
the untagged sample, reflection subtracted.
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Figure 6.9. m(K,π) distribution for 4 Q2 bins. The signal corresponds to the untagged
sample, reflection subtracted.

Bin edges [GeV2] Signal Statistical Error

5− 15 905 ±64

15− 40 1118 ±71

40− 100 691 ±66

100− 1000 427 ±70

Table 6.7. The signal is unfolded in 4 bins of Q2 of the event.

Bin edges Signal Statistical Error

10−4 − 5 · 10−4 625 ±54

5 · 10−4 − 10−3 647 ±53

10−3 − 3.5 · 10−3 1153 ±78

3.5 · 10−3 − 10−1 708 ±79

Table 6.8. The signal is unfolded in 4 bins of Bjorken x.
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Figure 6.10. m(K,π) distribution for 4 x bins. The signal corresponds to the untagged
sample, reflection subtracted.

6.4 Comparison between simulation and data

A description of the detector simulation used for the present measurement is given in

Sec. 5.5. The same reconstruction code has been run both on data and simulation.

As an example, the simulated signal is shown in four bins of Q2 in Fig. 6.11. Because

the simulation does not include light flavors, the simulated signal is reconstructed

more easily than in data.

Distributions of signal events as functions of different variables are compared

in the data and simulated files. The distributions are area normalized. Each bin

corresponds to a fitted signal value. Luminosity normalization was not used as

the luminosity normalization factor Ldata/LMC is ∼ 10− 15% lower than the area

normalization factors for each of the unfolding variables. This effect is caused by

the fact that the Monte Carlo simulation employs only leading order calculations.
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Figure 6.11. The reconstructed signal in the simulated files, in bins of Q2. This corre-
sponds to a simulated luminosity of 295 pb−1, as described in Sec. 5.5.

The signal has been unfolded in:

• bins of the event kinematic variables x, y, Q2, Z position of the primary

vertex, electron energy and E−PZ . Results are presented in Fig. 6.12. There

is good agreement in shape. The electron energy distribution exhibits a slight

shift of few GeV to higher values in the simulation w.r.t. the data. This also

causes the shift seen in the E − PZ distribution. The DIS cuts are placed

safely outside of the affected regions. Also, the simulation presents a slight

shift to higher values in the y distribution, but within the statistical errors.

• bins of PT (K), PT (π), η(K) and η(π) as well as a function of the number

of MVD hits of the kaon and the pion tracks. The fit results are shown

in Fig. 6.13. The data and the MC samples agree within the errors. The
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momentum distributions are well described. The pion pseudo-rapidity is less

accurately described in the simulated files, especially at the low and high end

of the pseudo-rapidity spectrum. Regarding the number of MVD hits the

kaon and the pion tracks collect, a clear shift is seen in the simulation: there

are relatively more simulated kaons and pions with more MVD tracks than

in the data. This is due to the fact that the MVD suffered from radiation

damage (up to 5.7% of the total number of channels were dead in 2005) and

this aspect is not simulated at all.

• bins of the decay tagging variables: χ2 of the secondary vertex, the decay

length, the decay length error and the decay length significance. The fit

values are shown in Fig. 6.14. The decay length error is the least well described

variable. The resolution of the detector is over-estimated in Monte Carlo. This

will introduce a significant systematic error in the cross-section measurement.

The χ2 and decay length distributions are well described.

• bins of PT (D0) and η(D0). The corresponding distributions of the number of

meson candidates are given in Fig. 6.15. The data and the simulation show

good agreement in shape. In the central region, the pseudo-rapidity of the

charm meson is less accurately described but well within the statistical errors.
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Figure 6.12. Comparison between MC (fill) and data (points): the variation of the
number of candidates as a function of x (top left), y (top right), Q2 (center left), ZV TX

(center right), electron energy ( bottom left) and E − PZ (bottom right). Each bin
corresponds to a fitted signal value. In each plot, the data distribution has been area-
normalized with the Monte Carlo.
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Figure 6.13. Comparison between MC (fill) and data (points): the variation of the
number of candidates as a function of PT (K)(top left), PT (π)(top right), η(K) (center
left), η(K) (center right), nr. of MVD hits of the kaon ( bottom left) and nr. of MVD
hits of the pion (bottom right). Each bin corresponds to a fitted signal value. In each
plot, the data distribution has been area-normalized with the Monte Carlo.
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Figure 6.14. Comparison between MC (fill) and data (points): the variation of the
number of candidates as a function of χ2 of the secondary vertex (top left), decay length
(top right), decay length error (bottom left) and decay length significance (bottom right).
Each bin corresponds to a fitted signal value. In each plot, the data distribution has been
area-normalized with the Monte Carlo.
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