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IpencrasiieHa HOBas TEXHMKA ONTUMU3ALUU KaTOB C HCIOJb30BAHUEM FE€HETHYECKHX aJrOPUTMOB. I JTaBHBIM IPEUMYIIECTBOM
JTAHHOTO METOJA SIBIACTCS MOJHOCTHIO aBTOMATHYECKHI MOMCK TOYEK 00pe3aHus. DTO MO3BOJIAET HAXOAUTh TOUYKU JKCIIEPH-
MEHTAJIbHBIX OIPaHUYCHUI YCTaHOBOK 0€3 BMENIaTeILCTBA UelloBeka. boee Toro, aBToMaTHYeCKHil MOUCK 3THX TOUCK SIBIISCT-
cst Ooree TOYHBIM IO CPABHEHHIO C PYYHBIM METOJOM. B paboTe mpencraBieHbl NpeABapUTEIbHbBIC PE3yJbTAaThl JUIS Kat-
ONTUMU3ALIHN BETO CHCTeMBbI dKkcriepumenTa E391. JlanHas MeToIuKa MOJKET ObITh HCIIONB30BaHA B APYTHX KCIEPUMEHTAX.

Knrwoueswie cnosa: peokuii pacnao, K — me30H, 2enHble ancopummbl, Kamoi.

New cut optimization technique with using gene Algorithms is proposed. The main advantage of this method is completely
automatic search for cut points. This allows finding cut points without of human intervention. Moreover, precision of cut points
obtained by automatic searching is much higher than for those obtained «by hand». Preliminary results of the veto system cut
optimization in the E391 [1] experiment is presented. The developed technique is applicable to other experiments.
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Introduction
The rare K, — 7z’ +v+v decay process is one

of the clearest and «cheapest» critical Standard
Model (SM) probes. In several papers (for example
[2], [3]) it was shown that this decay is sensitive to
the «new physics» effects as well as to the SM pa-
rameters. For a long time, this decay measurement
was impossible and just with the start of the E391
experiment studies of this decay on special setups
began. Sensitivity of the E391 experiment is too low
to observe this decay because the planned precision
of the experiment is ~ 10~ while the SM-based pre-
dictions show Br(K, -z’ +v+v)~10". The
most important task of this experiment was develop-
ing methods for the K, — 7z’ +v+v decay registra-

tion to be applied to more sensitive experiments in
the future.

During the experimental data analysis it was
found out that one of the most important tasks of the
E391 experiment is to optimize cuts of observable
quantities. In the E391 setup 1200 ADC channels are

used, and 20 kinematic values are reconstructed. All
work on choosing signal phase space was done by
hand. To do this, methods for sensitivity and back-
ground estimation were developed. Cut values were
tuned to obtain the best ratios between signal and
background with keeping the latter value reasonable.
It is a natural approach used without significant
changes since the first high energy physics experi-
ments till nowadays. The experience gained during
the analysis phase of the E391 experiment showed
that the case of the classical cut optimization method
is accompanied by a lot of restrictions:

1. With the hand approach, it is very difficult to
take into account the correlation between visible
kinematic variables because there are a lot of them.
They are assumed to be orthogonal to each other and
are optimized in the zero approximation.

2. There is no way to check convergence of so-
lutions.

3. The optimization process yields range of cut
point of kinematic variables, ADC and TDC values.
It is much more convenient to use one function of lot
of variables (visible and reconstructed).
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4. Cut points founding is a labor-consuming
process. The main goal of the present paper was to
create a new method of the computer cut optimiza-
tion for the E391 experiment. To achieve that goal
we used gene algorithms [4].

1 Gene Algorithms

Gene algorithms are heuristic search algo-
rithms used for solving tasks of optimization and
simulation by random exhaustion, combination, and
variation of searching parameters, as in biological
evolution [4].

During the evolution process of a system, it is
modified to meet external requirements. For this
rules of evolution transformation and fitness func-
tion are defined. The evolution process continues
until the requirements are met or the number of gen-
erations exceeds the predetermined value.

As in biological evolution, the following evolu-
tion mechanisms can be selected in gene algorithms:
reproduction, mutation, termination, elitism.

Reproduction is a process of combination of
two individuals for obtaining two descendants. The
latter will possess exceptional characteristics of both
parents. Mutation is a change in the single individual
in accordance with the predetermined algorithm.

Termination is exclusion of the individual from
further evolution of the system.

Elitism is the transition of the individual to the
next phase of evolution without change.

Application of gene algorithms for finding the
values of the cuts in the experiments of particle
physics is a new and promising trend. In the last
three years several papers on data processing using
the developed approach have been published ([5],
[6], and a few others).

2 Cut optimization in the E391 experiment

To find the corrected values of the cuts, we
have created a special program that works on the
principles of genetic algorithms. We used the lil-gp
framework developed at Michigan State University
[7] as a part of the GARAGE (Genetic Algorithms
Research and Applications Group) project. We di-
vided optimization process into several phases.

At the first stage we optimized the cut thresh-
olds for one detector (Main Barrel) of the E391
setup. This stage was necessary to make sure that the
proposed approach allows automatic cut search. At
the next stage we optimized thresholds for the whole
veto system, and after that we optimized all cuts.
The next step in the development of the effective
approaches to signal/noise separation will be search
for the single function from all visible variables,
with their correlation taking into account.

At the present investigation stage each individ-
ual in the population was represented by 43 num-
bers. The value of each of them is proportional
to the cut threshold used in the E391 experiment
data analysis. Kinematic observable quantities
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correspond to 23 numbers, and the energy release in
the veto detectors — 20 numbers. The total number of
such individuals in the population was 200.

During evolution, each individual could be
subjected to the above mechanisms (reproduction,
mutation, deletion, elitism).

The value of each threshold was limited to the
top and the bottom. These boundary conditions are
needed to exclude the possibility of obtaining non-
physical results in the machine search. For a more
complete coverage of the set of real numbers in this
range, as well as for avoiding large jumps in the
process of mutation, the value of each number in a
set of cutoffs was represented as a tree of functions.
During reproduction, individuals can share the
branches of the trees. The maximum degree of nest-
ing of the functions was limited to 10.

The criterion for the effectiveness of circumci-
sion, which corresponds to a particular individual, is
a fitness function. We have defined it as

ce(s) |
f(S)—m,Bg(S)<O,55,
_1/2Acc(S) ]
f(S)—T(S),O,55<Bg(S)<0,6S,
_l/4Acc(S)
/( )——Bg(S) ,Bg(S)>0,65,

where Bg(S) is the background level, which re-

sulted from the reconstruction of events

K} >z’ +v+v with applying S selection cuts,
Ace(S) is the sensitivity of the method to
K]} - 7" +v+V events after applying S selection

cuts. Differences in the coefficients for different
ranges of values of backgrounds are needed to main-
tain an acceptable background contribution to the
recent results of computer search.

In the process of computer calculations for
each individual the function f was evaluated. Then,
based on the obtained fitness function value, indi-
vidual either jumped to the next generation in the
process of reproduction, mutation, or elitism, or was
terminated. The relative probability of the first three
operators was 0, 1, 0, 1 and 0,8, respectively. The
relative probability of the termination of the individ-

ual was f'. Three hundred generations of indi-
viduals, were calculated.

Acceptance calculation. We used the proce-
dure of background and acceptance estimation as
well as experimental and Monte-Carlo statistics de-
veloped for the E391 experiment Runll analysis [8].
This allowed to comparing the effectiveness of im-
posing the cuts found and used in the standard
analysis without any whatever amendments to the
differences in the methods. Acceptance was calcu-
lated by reconstruction of events with applying of all
cuts. For taking into account accidental losses and
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applying timing cuts, we calculated additional coef-
ficients of acceptance loss, as shown in [8].
Background calculation. Among all sources of
background, we have identified those whose contri-
bution cannot be considered negligible [8]. By the
method presented in this work, we analyzed the fol-
lowing sources of background: decays K, — 27z°,

n— 2y and sources associated with the neutron
beam.

3 Results

After the calculations we obtained new cut val-
ues that were more effective than those found by
hand. The results of the calculation of backgrounds
are represented in Table 1.

Table 1 — Background estimation

Background Contribution | Contribution
in the case in the case
of manual of machine

selection cut search
of cuts

Core neutron 0,20 0,17

background

Halo neutron 0,08 0,13

background

K} —27° 0,12 0,12
events

n—2y 0,06 0,08
events

Total 0,46 0,50

As seen from Table 1, the contribution of back-
grounds increased by 8%. However, the increase of
sensitivity was 10%. Signal plots for the classical set
of cuts of the E391 experiment and the results ob-
tained in the present work are shown in Figure 1 and
2, respectively.
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Figure 1 — Signal plot for Run II of the E391
experiment, after applying standard cuts.
Events in the signal region are absent
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Figure 2 — Signal plot for Run II of the E391
experiment, after applying the cuts
found by using gene algorithms.
Events in the signal region are absent

Conclusion

As a result of this work, we have found new
cut thresholds, which are more effective than those
found by the usual selection. Acceptance to events
increased by 10%. This work will continued to find
a single threshold function of all observed variables
to take into account correlations between them.

REFERENCES
1. KEK-E391 Proposal 1996 / T.Inagaki
[et al.]. — KEK-Internal 96—13, 1996.
2. K, > v as a probe of new physics /
D. Bryman [etal.]// Int. J. Mod. Phys. — 2006. —

Vol. A21. —P. 487-504.
3. Deshpande, N.G. Constraints on new physics

from K, — z°v¥ / N.G. Deshpande, D.K. Ghosh,

X.-G. He// Phys. Rev. — 2004. — Vol. D70. —
P. 093003.

4. Holland, J.H. Adaptation in natural and arti-
ficial systems / J.H. Holland. — University of Michi-
gan Press, Ann Arbor : MIT Press, 1975. — 212 p.

5. Teodorescu, L. K,— 7"z~ selection cuts

finding in BABAR experiment (High Energy Phys-
ics event selection with Gene Expression Program-
ming / L. Teodorescu, D. Sherwood// Computer
Physics Communications. — 2008. — Vol. 178. —
P. 409-419.

6. Application of genetic programming to high
energy physics event selection / J. M. Link [et al.] //
Nucl. Instrum. Meth. —2005. — Vol. A551. — P. 504—
527.

7. Genetic Programming System [Electronic re-
source] — 1998. — Mode of access : http://garage.
cse.msu.edu/software/lil-gp — Date of access
14.01.2010.

8. Sumida, T. Search for the Decay K, —z"vv

: Ph. D. thesis / T. Sumida. — Kyoto University,
2008. - 151 c.

Hocmynuna 6 peoakyuro 08.07.10.

IIpo6remvr uzuku, mamemamuru u mexnuxu, Ne 3 (4), 2010



