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Mpenpuur E4M-1281(7)-90
A. A. YAJIMHT APSHH

CTATUCTHUYHECKMA METOXR ONPEJEJIEHWS MACC DJEMEHTAPHHX YACTHML NO
KOCBEHHLIM M3MEPEHHUSM C KCIMNOJL30BAHMEM
PE3YJIbTATOB MOZJEJHPOBAHHUA

BuiBOZAK - © BeAHUMHE BKJAAJOB PasAMUHBIX KaHAJMOB  MHOXECTEE@HHOIro
pOXZAeHHs, ~BOSMOXHO JeJaTk TOABKO  Ha  OcHoBe noapoSHorc
MOAeJUpPOBaHHS MPOLUECCOB MHOXECTBEHHOro pOXKAEHMs #  [poleccos
perucTtpauu. Bonpoc KOANUECTBEHHOr® CPaBHEHHs MOAEIBHEIX H
OKCMEPUMEHTAMbHEX KaHHEIX MMeeT MPUHLMMHAJLHOe SHAaueHMe W BO
MHOroM npesonpeAeasieT KadecTBO BHIBOLOB 06 HByHaeMBIX (PHUIHUECKHX
npoueccax. B HacToamer pafSoTe Mbl NpeaJaraeM UCMoALIOBATE
pPesyabLTaThi ﬁo.ne.nupoaauusx AAsl  HEMNOCPeACTBEHHOI'C  ‘OUEHHBaHH4
HCKOMOR  (HOUMECKOR BEeJAHUMHBLI, OTHCCHTEABHON aoau PAaBIUHHb
KaHaJAOB peakunM MHOXECTBeHHOrs poXAeHHs. IlpeadaraeMry setos
cripefeaeHns OTHOCHTeJbHOR AOAHM KaHAJAOB MHOXeCTBeHHCI O poxaeHus
6ui NMpogepeH Ha 3allave ONpeledeHNns JOBePHTEJdbHBLIX HHTEPBAaJIoE  H-
Maceh CYMeprnapTHepoB 3JASKTPOHA ¥ HeRTPHHO MO pacrnalam W EcaoHo
Ha  MOJeJbHHX  AaHHBbIX, reHepUpoOBaHHRIX  COrJACHO voaon
skcriepeMeHTa UALl. [lokasaHo, 4TC MOXHO pasawdaTe  ryneTs:
COOTBeTc;Tay)omue pasHuue B Macce ~10 ToB. CozamaHHas MeTC
MoSBOASeT BeCTH AHAJNS M B CAYUYAS HOMEPERHUS] MHOTWX ko "Bf il

npuarakos (N»2D, KOraa  MpHMeHeHHe  TpalaHLUOHHLIX Mo T

*CTAHOBHTCH NpoSAeMaTHYHBIM.
’

EpeBaHCKHA GHUIUHECKUR HHCTATYT
EpepaH 1990
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A STATISTICAL METHOD OF ELEMENTARY PARTICLE MASS DETERMINATION
VIA INDIRECT MEASUREMENTS USING SIMULATION DATA

Cecncdlusions on the cohtribution of different channels of
multiple production can be drawn only on the basis of a
detailed simulation of the multiple production and registration
processes. The subject of a quantitative coméarison of simular
and experimental data is of a principal importance and in many
cases predetermines the quality c¢f the conclusions on the
physical processes studied. In thi; paper we propose to use the
results of simulation to estimate directly the physical
quantity sought for - the relative fraction of different
channels of the multiple production reaction. The proposed
method of determination of the relative fraction of the
multiple production channels was checked by determining the
confidence intervals on the mass of the superpartners of
electrqn and neutrino by the decay ¢f W bosons. The simular
data generated under the conditions of the experiment UAl have
been used. It is shown that hypotheses on a mass difference of
X10CGeV can be separated. The techniqué developed allows to
carry out ahal&sis:also’in case of measurement of many indirect

features (N»2), when use of traditional methods becomes
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1. INTRODUCTION

A geometric (dimensional} approach to the analysis of
multivariate kinematic information was developed in Ref.[1l].
The local dimensionality distribution in an N-dimensional
feature space (usually a momentum space of final-state
particles) allows to draw conclusions on the presence or
absence of resonance states. However, the obtained distribution
can hardly serve as a basis for determining the fraction of
resonance production (relative branching), due to complexity of
detection of final-state particles. That is why the corclusions
on the contribution of different channels of multiple
production can be drawn only on the basis of a detailed
simulation of the multiple production and registration
processes. The subject of a quantitative comparison of simular
and experimental data is of a principal importance and in many
cases predetermines the quality of the conclusions on the
physical processes studied.

In the present paper we propose to use the results of
simulation to estimate directly the physical quality sought for
- the relative fraction of different channels of the multiple
production reaction.

At such an approach one can estimate the fraction scught
for, if even it is impossible to construct the distribution of

the effective mass of produced particles, e.g. in case of



estimation of the mass of the superpartners by the intermediate

boson decays.

2. Search for Superpartners in W Boson Decays

+ - + + -
One of the most important tasks of ee, PP, ep

colliders is investigation of the W and z boson production and
decay. Of special interest are the possible decays to
superpartners (SUSY), by the relative fraction of yhich one can
judge about the mass of these hypothetical particles [2-5].
That is why this problem is chosen for simulation. The second
reason of choosing this problem is systematic use of simulation
in experiments with intermediate bosons, even if their mass can
be evaluated only by means of' simulation. And finally, the
third reason of choosing the problem and the detector UAl is
accessibility of a Monte Carlo program allowing to generate
SUSY and SM (the standard model) decays of w bosons at the UAl
array.
In the UAl experiment w are identified by:

+ - +
pp-+W +X . (2.1)

+ - t
PP+W + X . {(2.2)
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In both cases electron is the observable. The relative
probability of SUSY depends on the mass of the superpartners :

and ;; the larger the mass the lower the probability of a SUSY



decay. And if wé succeed in deétermining the fraction of SUSY
decays (relative to the first, background channel), then we may
determine the mass of these particles.

The following transverse mass is measured in the experiment

UAl:

M (e,v) = /{23;5’,;(1 - coste®™)?) < M, . C(2.3)

where E;, E; are transverse energy of leptons; ¢ev is the angle

between the leptons on the transverse plane. Note, that when
the electron energy is measured directly, then the neutrino

energy is recovered from the missing transverse momentum:

K i .
EPT ’ ) (2-4)
=1

v - s& _
Pp 7 Pp 7
1

where 'PT“=Ei is energy deposited in the i-?h cell of the
calorimeter, and the direction of the vector P; is defined by
the calorimeter impact position. Summation was performed over
all cells of the calorimeter, except for cells by which the
electron energy had been being determined.

The second value measured was the angle of electron escape

to the beam axis. The distribution of this angle for a standard

model is described by:
dN/dcos® ~ (1 - qcose)2 ,. (2.5)

where q is the electron charge.

Distributions of the measured values, the transverse mass
and the elec@ron escape angle for the standard nodel are
chgracterized by peaks in the energy range near the mass w
(80GeV) and 6=0 (see PFigs.1l and 3). In the region of low
energies and small angles there must be fewer background

particles. On the other hand, the electrons from decays of SUSY



particles, due to kinematic characteristics of the
four-particle reaction, have a more uniform angular
distribution and lower transverse enerqgy (see Figs.2,4).

These differences, which are clearly seen in Fig.5 by the
absence of SM events in the bottom left corner of the
scattering diagram, allowed to determine the lower 1limits on
the superpartners mass by the UAl data.

An additional distinctive feature between SUSY and SM is the
“act of a negative correlation between the variables measured
in the standard model, whereas there is no correlation in SUSY.
The mentioned differences between SUSY and SM give ground for a
telirbhle classification of events into two classes by the

Bavyesian decision rules, which will be presented in <:che next

section.

3. A Classificational Method of Determination of the

Relative Branching Ratio

Let us consider the stochastic mechanism (A,P) which
generates the observation v in a multivariate feature space,
§=(MT, qcosS), A=(SUSY, SM). The invariant probability measure
on the basic event space A is given by the total simulation of
SUSY, SM decays of W.bosons at different assumptions on the
mass of superpartners. The set of 0 vectors obtained in
simulations 1is the simular analog of the experimentally
measured values of 3. Bdt, as opposed to experimental data, it
is known to which of the alternative classes each of the events
belongs. “These "labeled” events include a priori information
about dynamics of the process under investigation, which is
given in a nonparametric form, as finite size samples.. The

sequence TUitj}, where ti is the class index, we usually call a



training sample (TS) denoted by (A,%).

Since both, physical processes of particle production and
those of registration are stochastic, the data analysis is
uncertain in the sense that one need not wait for event
separation into compact nonoverlapping groups corresponding to

SUSY and SM events. The only thing we can requiré when

classifying experimental data is to minimize the losses due to.

incorrect classification to some degree and to ensure use of a
priori information completely. Such a procedure is the Bayes
decision rule with nonparametric estimation of the multivariate
probability density function, which, when using a simple loss
function (the loss is zero in case of correct classification

and is the same at any other error), takes the form:

A = n(v,A,5)=argmax{;(ai/v)} ", 1=1,L (3.1)

'A -

where P(Ai/v)~PiP(v/Ai) are a posterior densities, é(v/hi) are
conditional densities which are estimated by TS (A,P) using one
of many nonparametric methods available [7], L=2. Initial (a
priori) values of Pi are taken equal. The monograph [8] is
devoted to the interplay of a priori and experimental
information in fraction estimation problems. Here we shall not
go into discussion of competence of the choice of a wuniform a
priori distribution, but only mention that at such a choice the
a posterior probability and hence, the results of
classification will be totally defined by experimental

information, which seems reasonable to us in the given physical

To estimate conditional densities, we used Parzen's method

with automatic kernel width adaptation [9].



Mj _r2/p0
)P e ? . i=1,L (3.2)
j=1

p (V/Ai)=l/(2nn/2hn

where n is the feature space dimensionality, Miis the number of
vectors of the i-th TS class, rj is distance to the j-th

neighbour in the Mahalanobis metric:
T -1
r =(V-U.) R v-u.) , j=1,L 3.3
57 (V-0 RT(V-D ) j - (3.3)

where R is a sampling covariance matrix calculated by a TS to
which U, belongs, h is the Parzen kernel width.

The classification methods, like all the statistical oanes,
include the procedure quality test as a necessary element. This
stage beside all the others is also necessary for determination
of the fraction of SUSY events. The most natural procedure
quality estimate is error probability RM which'de;ends on both
the degree of overlapping of alternative mbltivariate
distributions and the decision rule being used (the Bayes

decision rules provide minimum RH as compared to any other

one):
R, <E{6[n(V.A. )1} , (3.4)

where

0, at correct classification
eln(v.a.P)] = {l. otherwise

The mathematical expectation is taken over all possible samples
of volume M and over the whole d-dimensional space of measured
values.

Since we do not exactly know to what class the experimental

vectors belong, the estimate of RH we obtain via TS:

- HTS

- 3 y
RM 1/MTs igla{tj,n(ui,A,ﬁl), {3.5)



i.e we classify the {U;} TS and check correctness of
classification over the index of the class tj, j=1,L. However,
as numerous investigations have shown (e.qg.,[10]), this

estimate is systematically biased and hence, a cross-validation

estimation is preferable

Mrs
RS =1/M__. T
M s &

l-leftj.n(Ui.Alm(i))} , (3.6)

where A'ﬁ(i) is a TS with a removed i-th element, which is
classified. This estimate is unbiased and has an ‘ssentially
smaller r.m.s. deviation. Note, that we have the possibility to
estimate the probability of various types of errors by imposin§
to classification various TS classes, {Ui'tj}’ j=1,L, L is the
number of classes.

By Ri. we denote the probability of plassification of the
i-th class events as belonging to the j-th class.

Now.let us estimate the a posterior fraction of SUSY events.

It is knowan [11]} that the best estimate of a posterior
fraction (in case of uniform a priori information and absence
of classification errors) is the empirical fraction

*
P = M /M

susY susY’ tot ' 93'7)

where Moyay is the number of events classified as SUSY events,

Mtot is the total number of events registered during the

experiment. 1f there are any misclassifications, it can be

shown (see [12]) that the a posterior fraction is expressed by:

*x
N P susy ~ Rsusy.sm

P (3.8)

SUSY
1 - Rgygy.su - Ramesusy

Note that all the estimates of the classification error



probability R and the fraction P;USY calculated according to
the experimental data are obtained by the same TS, using the
same decision rules. The accuracy of estimates is defined by
the TS size and the number of experimental data as well as. by
the value of the classification errors, which present the
"quality" of discrimination in the chosen feature subset. To
improve the statistical accuracy of classification, we used the
bootstrap method developed in Ref.[13], which allows to obtain
the final sample replicas by means of the random choice

procedure with replacement and to investigate 'the statistical

characteristics of fraction estimation.
4, Results of Simulation

The purpose of simulation was to illustrate the method when
determining the mass of superpartners. For that purpose we were
given some values of the mass of : (the mass of ; was taken
zero in all cases), the corresponding training samples were
generated, followed by the "éxperimental" independent control
sample with a fraction of SUSY events defined by the mass of :.
Tfter that the fraction of SUSY events was determined by the
technigune presented in the previcus section.

£s is seen ifrom the formuls {3.8), fcr correct recovery of
the fraction the classification errors must be small (the tetzl
ETLOY RTOT:RSUSY+HSM+SUSY«1) and besides. the fraction of ~sSUSY
cuents is desirable tc be remarkably different from =zero,
othervise there will arise problems when interpreting the
"negative fraction”.

The difference between the SUSY and SM distributions,
distinct correlations between the features measured, lead tc

quite small errors of classificaztion, K OTxO.3

T



Tc make the fraction cof SUSY events somewhat larger, the
region of MT<60GeV was chosen for analysis, and though in this
case we lost some part of SUSY events, the (SM) background
decreased more remarkably, which 1led to increasing of the
relative fraction of SUSY events.

In the fraction determination we were given the mass of
M =20-50GeV, which corresponded to (with account of the MT cut

T
off) the SUSY fraction from 50% to 20%. The Table shows the

values of fraction reconstruction with the corresponding errors-

obtained by the bootstrap technique.
5. Conclusion

The offered method of determination of the relative fraction
of multiple production channels was tested in determining the
confidence intervals on the mass of the electron and the
neutron superpartners by the W boson decays on simulated data
generated under the conditions of the experiment UAi.

It is shown that the hypotheses may be  separated by a
jitference in mass of 10GeV. '

This technique allows to carry out analysis also in case of
measuring many indirect features (N»2}, when the use of

traditional methods becomes problematic.

The author is grateful te H.Gulkanian, S.Haywood,F.James and

S.H.Matinyan for useful discussions, tc¢ S.Haywood also for’

prevision wf the pregram eof simulation cf W boson decays in the

UAl experiment.



Table

Reconstruction of the Fraction of SUSY Events

- M;(Gev) % SUsy ;
20 21 | 21%3.1
30 16 | 18+2.3
40 10 | 11%3.1
50 3.1 | 6.1%3.3
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D,47 ! * g5 2 k& % 22 2 %2 #22 32% xxx *
Bede 1 S * 2 R * * 2k wR§IRDy x x X *
2,37 I * 5 % - k& 2 %S5k xp 2 2 2 * xx * *
0.32 [ * k% L * * « 2 2 % « 2
026 1 L * .2 %x & x SNERE X & 2% x
2.21 1 kS _x kkk g x K X *  2%2 x24 x  x wxp?
Beid 1 "o kkk 2 Ky 4%k k 4% x *
G111 * L] * *  k kx  ke2 2% kx ¥k &k 2
2400 | * R S5 &« S mEx ok wkk 2% kkx K3k & k%
=2e¢d90 | S S ® 2k % = 4 2%k &k % &k %
~2.80 1| = x * % % * kK Xk EEZ2kk x k%
~0.11 I * * ok kkE K * % * 2% L%
=410 | 5 % k k  kkx * ¥ % *x 22 3%
-0421 1 * X 2 ¥k kk J k  kk £ ki 2
i ~0.26 | 5 . ¥ S * 2% *  xx K 2% 2% %
} -2,32 | 3 * 5 x kK x 2 % % x IJ2x2% =
N ~0:37 1 % LR 2 kE2K2 M .k *
-By42 i L 2 2 X 22 kkxx LI IR ¥ P
=Ze47 | 2 x &k x ® kkbh * 3
=-d.65 [ R LT * 2% kkkskx 2% ¥
-3,66 1| © 5 [ « ® * ® * . kxdR Sk kx *
~¢:63 1 S * 2 x wm Ok%2 ki
-0y60 | ] 3 * ®5 * _x k kK 2
=~9,74 1 * ¥k Ky Rk 2%2
6T | ° > 33 3 *¥2 x  ¥x% 2 Hk
0,84 [ * = « ® 3 x * M3 X x2 .
DBy |} S 5 3 2 2 KD & % M ox %
=%e+90 1 * * 4 » ®x X * % =
* " Ko oo e - ————— o e ————
Ihe

Yusdo 4040 6d.d8 704499

Flue o 2CATIEn FLUT [RANVERSE 4A30 VD ixCu3(IhbTA)
* ~ STANLART MUDEL, CIRRELATi{On =¢,033

5 = oUoY,CURAELATION =3,0¢3
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