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Abstract: In this study, the decay Q2 — Z~ K 77" is analysed to search for the presence of
excited Q7 baryon states. Using data from the LHCb experiment, a Boosted Decision Tree (BDT)
classifier is developed, enhancing the signal-to-background ratio by a factor 2 compared to standard
selection criteria. This approach resulted in a clean QY mass peak, enabling the exploration of
excited states. The invariant mass spectra reveal hints of a potential resonance.
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I. INTRODUCTION

Spectroscopy of baryons in the strange sector hold
valuable clues for advancing our understanding of
hadronic physics. Despite significant progress in the
heavy-flavour sector [I] [2], theoretical predictions and ex-
perimental studies in the low-mass flavour sector remain
limited, with little advancement since the 1980s. This
gap highlights the need for focused exploration to un-
cover the properties of these particles and their excited
states.

Using data from the LHCb experiment, this project seeks
to enhance the signal-to-background ratio to identify
the excited states of the Q~ baryon more effectively,
by studying its resonance spectrum through the decay
N ="K ntrt.

Four excited ()~ states have been observed so far:
07(2250) [3][4], Q~(2380) [3], and Q~(2470) [5] in fixed-
target experiments in the 1980s, and more recently,
Q7 (2012) [6], by the BELLE collaboration, which is not
expected to be accessible with our decay mode. However,
most of them were observed with low statistics and have
not been experimentally confirmed. Experiments such
as GlueX, J-PARC, and PANDA are aiming to explore
strange baryon spectroscopy in the future.

Beyond its immediate scope, this work could support fu-
ture studies, such as reducing systematic uncertainties in
pentaquark searches or investigating potential contribu-
tions of New Physics (NP) in the strange decays of €2
and Zp.

II. LHCB

LHCDb is one of the four experiments based at the
CERN’s Large Hadron Collider (LHC) [8]. Within its
detector, two beams of protons travelling in opposite di-
rections are collided, producing a wide variety of parti-
cles. LHCD specializes in studying the decays of hadrons
containing b or ¢ quarks.

The LHCb experiment has several sub-detectors, each
optimized to measure specific characteristics of the par-
ticles produced. These detectors are categorized into two

main groups: tracking detectors (VELO, TT, and track-
ing stations) and Particle Identification (PID) detectors.

When a charged particle is produced, it interacts with
the various layers of the tracking system, leaving signals
that can be used to reconstruct its trajectory. The cur-
vature of the trajectory, caused by the magnetic field of
a dipole magnet, allows for a measurement of the par-
ticle’s momentum. Additionally, the VELO is designed
to precisely measure the positions of primary and sec-
ondary vertices (PV, SV). If the particle interacts with
the VELO, its trajectory is classified as a ”long track”
(L); otherwise, it is classified as a ”downstream track”
(D).

Finally, to distinguish between charged hadrons, Ring
Imaging Cherenkov (RICH) detectors use the Cherenkov
effect to measure particle’s velocity. By combining veloc-
ity and momentum, particles can be identified based on
their mass.

A. Decay of interest

In the decay process being studied, a heavy-flavour 09
baryon decays into lighter hadrons via weak interactions.
The decay chain is:

Q5= (= A= pr ) )K ntat

The excited states of 2~ are expected to decay into =7,
m+, and K~ particles. If such a state exists, it would be
short-lived and appear as a peak in the invariant mass
projection of its decay products.

The decay chain involves three vertices. While the 2
baryon is relatively stable, it mainly decays inside the
VELO, so the two 77 and the K~ from the Q¥ decay
are always L tracks. On the other hand, =~ and A°
particles have large lifetimes, and therefore, a probability
of decaying either inside or outside the VELO. Based on
the tracks of the two 7~ and the proton from the =~
decay, events are classified into three types: DDD, DDL,
and LLL. The diagram of the DDL topology is shown in
Fig.

Each track type has its strengths and weaknesses. LLL
category has much better track reconstruction, as the
VELO captures detailed information of all the vertices.
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FIG. 1: DDL decay distribution in the VELO. Blue lines
represent L tracks and green ones, D tracks. Dashed lines
represent neutral particles, which do not leave signal in the
detector.

Additionally, it provides higher resolution momentum
measurements. However, it has fewer events compared
to the other track types due to the large lifetimes of =~
and A°. Moreover, it tends to have a higher level of
combinatorial background, as a large portion of particles
produced in the pp collision are L track pions.
Conversely, in the DDD category, the combinatorial
background is significantly reduced. However, despite
having more signal events initially, a substantial portion
is lost during the track combination process.

The DDL category provides a balance between these ex-
tremes. Although there is still a significant amount of
background, a higher number of signal events is retained
compared to DDD. For the remainder of this project, the
analysis is focused on the DDL track data, as it appears
to be the most promising for achieving results.
Momentum resolution behaviour is illustrated in App.A.
Figures [0 and [T0} which show the simulated signal distri-
bution for each track type for the variables 2~ and QY
mass.

B. Data selection

This analysis is performed using data from the full
LHCb Run 2, corresponding to an integrated luminosity
of approximately 5.6 fb~!. Data from the antiparticle
decay is also included, as it is expected to exhibit similar
behavior.

The initial dataset is filtered by a trigger system de-
signed to identify =~ particles. Offline processing com-
bines this data with random pions and kaons from the
same pp collision event, trying to connect the tracks and
form vertices. However, since many pions are directly
produced at the Primary Vertex, there is a considerable
probability of misattributing a pion, leading to a lot of
combinatorial background.

Studying this specific decay presents additional chal-
lenges. First, Q¥ cross-section is much lower compared to
lighter charm hadrons. Moreover, Q0 usually decay into
two particles, not four, so our decay is quite rare. These
factors, combined with the difficulty of reconstructing
six final tracks properly, result in a lower yield of sig-
nal events.

Simulations are used to study the physical behavior of
the signal. However, the available simulation was origi-

Treball de Fi de Grau

nally generated for a different purpose, leading to a lim-
ited number of events. This scarcity of simulated data
introduces statistical limitations into the analysis.

III. FIRST SELECTION

In the initial dataset, there are millions of events, but
the background is so large that clearly distinguishing
any mass peak is too difficult. To quantify the back-
ground, Q¥ mass is used as a reference variable, where
signal events exhibit a peak at the measured mass of Y,
2695.2 MeV /c? [7]. By fitting the histogram of this vari-
able with a Gaussian for the signal and a linear function
for the background, their yields can be estimated.

The first approach to reduce the background is to ap-
ply selection requirements to the data, taking profit from
the variables that most discriminate between signal and
background. These cuts are based on physical knowledge
of the decay topology and comparing the distributions of
variables in the simulation and in a subset of data which
only contains background events (outside the Q0 mass
peak). A table with the applied cuts and three plots
comparing the signal and background distributions are
available in App.B.

One of the key variables is the momentum of the par-
ticles. Producing the QY requires a significant amount
of energy, so the entire decay have higher energy and
momentum than background events, that contain low-
energy hadrons emerging from the hadronisation process.
Furthermore, the quality of the vertex fit for the SV is ex-
pected to be worse for background candidates. This can
be observed in variables such as x2,, or x5, where back-
ground events typically show poorer values compared to
signal events.

The result of applying these cuts to the data and fit-
ting the signal and background distributions is shown in
Fig. The Q0 peak is pretty clear, and the number
of signal candidates is significant enough to continue the
analysis, the problem is the high level of background. To
further reduce it, the analysis is continued using machine
learning.
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FIG. 2: Fitted Q2 mass variable with tight cuts applied to
the data. Gaussian fit for signal and linear for background.
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IvVv. BDT

Boosted Decision Trees (BDTs) are a type of machine
learning algorithm particularly effective for classification
and regression tasks. They work by combining the out-
puts of many weak supervised learners, in this case, de-
cision trees, into a single and accurate predictive model.

In this analysis, we use XGBoost [9], a powerful im-
plementation of gradient-boosted decision trees, designed
for supervised learning problems. The training data con-
sists of multiple features used to predict a target variable.
In this case, discriminating variables are used to calcu-
late the probability of an event being signal, with values
ranging from 0 (100% background) to 1 (100% signal).
Based on these probabilities, a selection threshold can
be applied to retain events that are more likely to be sig-
nal and discard those classified as background.

To train the BDT, labelled data is required: simulated
data serves as the signal category, while background is
derived from the events outside the Q¥ mass peak. This
allows the model to learn patterns that distinguish signal
from background effectively.

Due to the limited availability of simulations, the model
is trained with 1923 events in each category. App.C,
Fig. illustrates the training data.

A. BDT Evaluation

One of the main challenges in using BDTs is to prevent
overfitting. With limited training data, it is easy for
the BDT to focus excessively on specific features of the
training dataset, making it less generalizable to new data.

To assess the BDT’s performance and detect overfit-
ting, a portion of the data is reserved as a test set. Per-
formance is evaluated using the probability distribution
assigned by the BDT and the Receiver Operating Charac-
teristic (ROC) curve, which plots the True Positive Rate
(TPR) against the False Positive Rate (FPR) for differ-
ent thresholds. The area under the curve (AUC) provides
a numerical measure of classification quality, with values
closer to 1 indicating better performance.

To optimize the BDT, key internal learning parameters
can be adjusted. These include the number of estimators,
which specifies how many decision trees the BDT uses
in the boosting process; the learning rate, which controls
how much each tree contributes to the overall model; and
the maximum depth of each decision tree. Careful tuning
of these parameters is essential for achieving a balance
between accuracy and generalization.

B. Improving BDT

To improve the performance of the BDT, several tech-
niques are applied to enhance the model’s training pro-
cess and results.

First, before the training, loose filters are applied to the
data to let the BDT focus on the more complex patterns
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and reduce the easy background noise. These filters are
a loosened version of the filters discussed in section III.
A full overview is given in App.C, Table [VIIC]

To prevent overfitting, the number of variables used
by the BDT is limited through a feature selection pro-
cess, which begins with a broad set of discriminant vari-
ables related to the particles involved in the decay. Af-
ter training the BDT, the importance of each variable
is determined based on how frequently it is used in the
decision-making, and the least important variable is dis-
carded. The smallest subset of variables that maintains
an AUC value greater than 99% of the initial value is se-
lected. On App.C Fig.[I4]shows the evolution of the AUC
value depending on the number of training variables, and
Table [VILC| the final training variables.

Similarly, hyperparameters are optimized using the
GridSearchCV function from the sklearn library. This
function tests all combinations of a predefined grid of pa-
rameters and returns the set of parameters that yields the
best AUC value. Based on this result, the BDT is trained
with a learning rate of 0.15, 300 trees, and a maximum
depth of 4.

Finally, K-fold cross-validation is employed. The
dataset is divided into k equally-sized subsets, or “folds”,
in our case 5. The model is trained on k — 1 folds and
tested on the remaining one. This process is repeated k
times, with each fold serving as the test set once. Finally,
the results of each trained BDT are averaged, providing
a more generalizable performance on unseen data com-
pared to a single train-test split.
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FIG. 3: BDT output for test and training data. Orange colour
represents background and blue colour, signal.

The final performance of the BDT is shown in Figures
Bl and @ The model achieves an AUC value of 0.973.
However, some overfitting is evident, as indicated by the
AUC value of 1 for the training data and lower BDT
output values for the test data.

C. BDT threshold

Once the BDT is trained, a threshold must be se-
lected to classify events as signal or background, aim-
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FIG. 4: ROC curve for training and test data. AUC value
computed for training data = 1, test data = 0.973.

ing to balance the discarding of background while min-
imizing the loss of signal events (the evolution of sig-
nal and background for different BDT cuts is shown in
Appendix C, Figures [L6] and [L7). To make this task,
the maximum of a Figure of Merit (FOM), defined as
FOM = Nsig/+/Nsig + Npig, is chosen.

Ny;g is calculated using the signal yield of the fit in the Q2
mass plot for the first BDT cut, 0.7, and then extended
to the others as Ny, = N%7-5— where the efficiency,

sig go.7’

e, is determined in simulation as ¢ = N;J;ter /fogf ore
And Npyg is the number of events classified as signal in
a dataset outside the 2§ mass peak after applying the

BDT cut.
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FIG. 5: FOM representation for different BDT cuts. The
green line points out the optimal BDT cut = 0.98 with a
corresponding FOM value = 20.4 + 1.1.

Fig. 5| shows the evolution of the FOM value across
different BDT cuts, which identifies a maximum corre-
sponding to the optimal cut value, 0.98. The result of
applying this cut and plotting Q0 mass is shown in Fig. @

The BDT selection is compared with the results ob-
tained using the initial tight cuts, which have a FOM
value of 12.75. At the optimal BDT point, the FOM in-
creases to 20.4, demonstrating a significant improvement.
App.C Fig. [[§ shows the BDT-selected plot with a simi-
lar signal yield as Fig.[2l By comparing the two figures, it
can be observed that the signal-to-background ratio has
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FIG. 6: Fitted Q2 mass variable with BDT cut 0.98 applied
to the data. Gaussian fit for signal and linear for background.

been improved by a factor of 2, while retaining the same
amount of signal. Based on these results, we proceed to
search for 2~ resonances using the BDT selection.

D. Obtaining signal distributions from data

In the QY mass distribution, it is relatively easy to iden-
tify signal and background contributions. However, when
analyzing other variables, separating signal from back-
ground becomes much more challenging. To overcome
this, the technique sPlot [10] is employed, a statistical
method that allows disentangling signal and background
contributions in a dataset.

The sPlot technique relies on a Likelihood fit of the
00 mass distribution, Fig. @ A specific probability den-
sity function (PDF) has to be assumed for the shapes of
the signal and background, in our case a Gaussian and
a linear function. From this fit, a weight is assigned to
each event, representing a probability of that event being
signal. By applying these weights to the data, the signal
distribution alone from the dataset is extracted.

The subsequent plots and results incorporate these
weights, allowing focus on signal contributions while sup-
pressing the background.

V. FINAL RESULTS

Resonant states of the particle = are searched by
calculating the invariant mass of its decay products,
=~ K~ 7T. As the data sample represents to be pure sig-
nal, the resolution of the results is improved by substitut-
ing the calculated mass of the =~ with its world-average
mass of 1321.71 MeV /c? [1].

Since there is information about two final pions from
the Q2, but it is not known which one originates from the
resonant state, the invariant mass is plotted using both
pions.

The final plots are shown in Figures [7] and § It is
difficult to identify significant signals due to the limited
data and resulting fluctuations. However, between 2400
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FIG. 7: Invariant mass spectrum for =~ K ;" , with 2~ mass
correction.
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FIG. 8: Invariant mass spectrum for 2~ K~ 7, with =~ mass
correction.

and 2500 MeV /c?, there is a hint of a broad peak, which
could be associated with the resonance 7 (2470) listed
in PDG. With more data, this peak might become more
pronounced, but at present, it is not significant enough
to make definitive conclusions.

In App. D, the analysis of the decay chain (27 )*—
Z(1530)° is presented by studying the =~ 7+ spectrum,

where the Z(1530)° resonant state is observed. The in-
variant mass of 2~ K 7T is also calculated using data
from the Z(1530)Y peak, with an attempt to reduce back-
ground by excluding events in which the opposite pion
originates from the Z(1530)° resonance.

VI. CONCLUSIONS

In this work, a BDT has been successfully developed to
enhance the signal-to-background ratio in an LHCb data
sample of the decay Q¥ — Z-K ~ntnt. By comparing
the results obtained with the BDT to those from tight
selection cuts, the effectiveness of the method is demon-
strated, as the signal-to-background ratio is increased by
a factor of 2.

By applying the BDT and utilizing the sPlots tech-
nique, a substantial signal sample is obtained to calcu-
late the invariant mass m(Z~K ~7") in the search for
potential resonant states (27)*. While there is a hint of
a broad peak in the mass range of 2400-2500 MeV /c?,
the limited size of the initial data sample results in in-
sufficient statistical significance to confirm the existence
of the resonant state.

In conclusion, it has been shown that this decay chan-
nel is a promising tool for the search of (27)* reso-
nances. Promising directions for future work should be
studied. For instance, generating new simulation samples
with higher statistics would improve the performance of
the BDT; or incorporating data from additional LHCb
runs would enhance the statistical power of the analy-
sis, potentially revealing subtle features in the invariant
mass distributions and leading to more robust conclu-
sions about the existence of resonant states.
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VII. APPENDIX
A. Track type B. Cuts
~ 025 — — —————— Variable Cut
s 01SE E [m(QY) — 2695 MeV /c?] < 50MeV/c?
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FIG. 9: Simulated signal distribution, normalized, for each PYOEWNK(K)U _ PrOENNﬂ (K7)) >0.25 .
track type for the variable Z~ mass. |m(50 ) — 1321 MeV/C2 ‘ <15 MeV/C2
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FIG. 10: Simulated signal distribution, normalized, for each
track type for the variable Q2 mass.

Figures [9] and [I0] show the differences in the resolution
of 27 and Q0 mass peaks, with DDD track type exhibit-
ing a much broader peak compared to LLL, while DDL
falls in between.

Comparing both plots, it can be seen that the difference
is less significant for Q0, as it is reconstructed using all
the final decay products, with three of them being always
L tracks. This reduces the overall effect of track type dif-
ferences. In contrast, for the =7, all its decay product
tracks vary between DDD, DDL, and LLL configurations,
amplifying the impact of track type differences.

For the final objective of this project, which involves cal-
culating m(E~ K~ 71), the effect of track types will be
less pronounced compared to Fig. @ since both 7 and
K~ are always L tracks.
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TABLE I: Selection cuts applied to the dataset
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FIG. 11: Comparison between signal (from simulation) and
background (from data outside QY mass peak) for the variable
pr(QY). Signal is plotted in blue, and background in red.

Table provides a selection of cuts for various dis-
criminant variables, designed to reduce the background
while minimizing signal loss. Figures and [[3] il-
lustrate the distributions of signal and background for
three examples of discriminant variables, demonstrating
the effectiveness of the selected cuts.

As signal exhibits a higher momentum distribution than
background, applying a cut on pr(Q°) > 1500 removes
the majority of the background while retaining most of
the signal. For x2,,(022), the background displays higher
values due to a poorer vertex fit. Imposing an upper limit
of 9 on this variable helps significantly reduce the back-
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FIG. 12: Comparison between signal (from simulation) and
background (from data outside Q2 mass peak) for the variable
X2.2(Q2). Signal is plotted in blue, and background in red.
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FIG. 13: Comparison between signal (from simulation) and
background (from data outside Q2 mass peak) for the variable
Xip (K 7). Signal is plotted in blue, and background in red.

ground. As a final example, for x? on the impact param-
eter of K, background candidates exhibit lower values.
However, the cut is less clear, and some signal candidates
are lost when imposing a lower limit of (K ~) > 2.4.

C. BDT

Table [VILC| presents a loosened version of the cuts
from Table [VITB] applied to our data before BDT train-
ing.

Table [VITC| presents the list of variables used as input
for the BDT to differentiate between signal and back-
ground. These variables are selected by progressively re-
ducing a broad set to the smallest subset that retains an
AUC value greater than 0.99 of the original list. Figure
shows the evolution of the AUC value as a function
of the number of input variables.
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Variable Cut

[m(QY) — 2695 MeV /c?| | < 100 MeV /c?
pr(Q0) > 2000 MeV /c
pr(K™) > 400 MeV /c
pr(r (Q0)) > 250 MeV /c
pr(ry (Q0)) > 250 MeV /c
pr(27) > 1000 MeV /c
X\Q/tx(Qg) <20

X%P(Qg) <0.1
Xip(K") >1

Xip (7 (7)) >1

xip (3 (22)) >1
COS(QDIRA(Q(C))) > 0.9995
X%‘D(Qg) > 10
X#p(E7) > 20
ProbNNK (7 (Q9)) < 0.025
ProbNNK(r; (Q9)) < 0.025
ProbNN7 T (7] (Q2)) > 0.7
ProbNN7 ™ (75 (Q2)) > 0.7
ProbNNK(K ™) > 0.6
ProbNNm(K ™) < 0.3

m(E7) — 1321 MeV/c?|[< 15 MeV/c?
[m(A%) — 1115 MeV/c?| [< 10 MeV /c?

TABLE II: Loose cuts before BDT.

Variables
pr(90) Xip (22)
Xip (€20) cos(fprra ()
cos(fprra(27)) pr(m ()

Xip (77 (22)) ProbNNK (m; (€27))
ProbNNz T (7] (Q0))|  PIDK(x; (Q9))
GhostProb(r; (20)) Xir (73 (22))
ProbNNK (7, (Q9)) [ProbNNzT (75 (Q2))

PIDK (75 (27)) | GhostProb(my (Q9))

PIDK(K ™) GhostProb(K ™)

TABLE III: List of variables BDT training, result of our fea-
ture selection.

B Lo T T T T T ™
< L
0.98 | .
L LA NA— ]
0.96 .
0.94F .
0.92F .
0.90 L —— AUC test of each BDT ]
TUH AUC train of each BDT
r cut for selected features
088 oo b

' ' " PRI
0 10 20 30 40 50 60 70
Number of training variables

FIG. 14: AUC value of the trained BDT depending on the
number of training variables. Green vertical line point out
the selection made, twenty variables.
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Fig. |15 shows the labelled data used to train the BDT.
An equal number of events were selected for signal and
background to prevent the BDT from favouring one
class over the other. Background events were sampled
from left and right of the Q0 mass peak to ensure the
BDT learns to recognize different types of background.

B sicnal (Evenis: 1923)
B soccround Evens: 1923)

= w
(e (e}
(==} (==}

Candidates/(4 MeV/c?)
(O8]
(e}
(=}

2600 2650 2700 2750 2800
m(Z K m+ ) [MeV/c2]

FIG. 15: Labelled data used to train the BDT.

Once the BDT is trained, different BDT cuts are
applied to the entire dataset to evaluate their impact.
Fig. [16| shows the number of background events misclas-
sified as signal, which decreases linearly as the BDT cut
value increases, as expected.

The number of signal events depending on the BDT
cut is shown in Fig. The plot reveals two distinct
behaviours: a linear trend up to a cut value of 0.9, fol-
lowed by a noticeable decrease in slope beyond that point.
Based on these trends, the optimal BDT cut, which ef-
fectively reduces the background while minimizing signal
loss, has to be identified.
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Bdt cut

FIG. 16: Number of background events depending on BDT
cut

To provide a meaningful comparison between the re-
sults of the initial tight cuts and the use of the BDT, a
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FIG. 17: Number of signal events depending on BDT cut
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FIG. 18: Fitted Q2 mass variable with BDT cut 0.73 applied
to the data. Gaussian fit for signal and linear for background

BDT cut that yields a similar number of signal events as
the tight cuts is selected, 0.73. By comparing Figures [I§]
and |2} the improvement achieved is evident. The back-
ground yield is reduced from 8919 to 4394. While these
numbers are approximations, the reduction is substan-
tial enough to confidently demonstrate the effectiveness
of the BDT approach over the tight cuts.

Barcelona, January 2024



Multi-strange baryon spectroscopy in Q0 — =~ K ~ntn+ decays

Carla Garcia Gazulla

D. Extra analisis
1. Z7 resonant states

PDG lists some of the (27)* states as decaying via
the 2(1530)° resonance [7]. To study this process, we
search for the presence of Z(1530)° states in our data,
analysing the invariant mass spectrum of its decay prod-
ucts, 2~ x+. In Figures and a pronounced peak
in the mass range 1520-1560 MeV /c? can be observed,
consistent with the expected resonance.

L.
T

1500 1600 1700 1800 1900
mE 1) - m(E) + 1321.71 [MeV/c?]

FIG. 19: Invariant mass spectrum for =~ 7}, with =~ mass
correction
C€7OEHIII”II”HIIIHHIHE
> 60F E
= s0f E
= E ]
LS‘ 405— _E
|
R R 3
< = ]
= ]
"0 16001700 1800 1900

m(Z ) - m(E) + 1321.71 [MeV/c?]

FIG. 20: Invariant mass spectrum for =~ 75, with =
correction

mass

2. Q7 resonant states to 2~ resonant state

To further analyse the previously mentioned possibil-
ity of the resonant state (27)* decaying through the in-
termediate resonant state ZY(1530), data from Figures
and [20| within the region below 1600 MeV /c? (corre-

sponding to the peak) is used to calculate the invariant

Treball de Fi de Grau

mass m(Z~ K~ 7"). The results, shown in Figuresand

indicate that too much data is lost, causing the peak

between 2400 and 2500 MeV /c? to disappear.
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m(E K 1t} -m(Z) + 1321.71 [MeV/c?]

FIG. 21: Invariant mass spectrum for 2~ K~ 7], with Z~
mass correction. In black for all the data, and in blue for the
data that later forms a Z°(1530) resonance.
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FIG. 22: Invariant mass spectrum for E_K_w;, with 2~
mass correction. In black for all the data, and in blue for the
data that later forms a Z°(1530) resonance.

8. Q7 resonant states deleting background Z~ resonant

state opposite pion

In this section, an attempt to eliminate a portion of
the background is presented. If the opposite pion being
studied forms a =°(1530) resonant state, the invariant
mass under consideration will not form any (27)* reso-
nant state. Not only does the event lack of relevance, but
it may also introduce a confusing peak in our spectrum.
To address this, the data where the opposite pion lies
within the Z°(1530) peak is excluded.

The results, shown in Figures and suggest
that instead of removing background, the available phase
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space for the invariant mass at higher values has been re-
duced. This may occur because the decay does not have
enough energy for the second pion to achieve high ener-
gies and form a resonant state with the first pion (or the
other way around).

§ e N
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Sooo 200 20

mE K 1) -m(E) + 1321.71 [MeV/c?]

FIG. 23: Invariant mass spectrum for 2~ 7", with =~ mass
correction. Black for all the data, and blue for the data where
the second pion is outside Z°(1530) peak.
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FIG. 24: Invariant mass spectrum for E_w;r , with 27 mass
correction. Black for all the data, and blue for the data where
the first pion is outside Z°(1530) peak.
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