Bal-726(40)-64

LUEHTPAJIBHBIA  HAYYHO-UCCAEASBATEJILCKHA  MUHCTUTYT
HUHOOPMALIMK U TEXHHUKO- 3KOHOMUUYECKHMX UCCIEALOBAHHUA
MO ATOMHOHN HAYKE H TEXHHKE

L.G,MELKUMYAN, 5.V.TER~-ANTONYAN

A NEW METHOD OF DATA PROCESSING FROM
X~-RAY-EMULSION FIIMS IN INVESTIGATING
'NUCLEAR INTERACTIONS

EPEBAH-1984



© LIeHTPaALHHIA HAYYHO-HCCACROBATEALCKRA HHCTHTYT HudOpMALHH
H TEXHNKO-SXOHOMMWIeCKMX NCcaenoBannil o aToMHOA Hayke
H Texumxe  (UH*Harounndopud 1984



BoN-725(40)-84

I.T MEIKYMIH, C.B.TEP-AHTOHAH

HOBW! METON OBPABOTKM JHGOPMAIJM
C PEATTEHOOMYIBCHCHHHX ILAEHOK ITPM UCCJEHOBAHIN
SUEPHHX B3AMMONEICTRANL

B padoTe BIEepBHE NPEIAATAETCHA ECIOMLSOBATH METOX MAKCEMAJIL-
EOTO IPABNONONOOKA JAA BOCCTAHORIEGHHS IRAPAMETDOB 3JIERTDOHHO-(O-
TOHHOTO KACKANA, PETHCTDA[YEMOT'0 HA DEHTI'eHOBCKEX ILIEHRAX.

EpepancKuf (HSEYECKEE HHCTHTYT
Epepan 1984



HbN-725(40)-

L.G.MEIKUMYAN, S.V.TER-ANTONYAN

A NZW METHOD OF DATA PROCESSING FROM
X~-RAY-EMULSION FILMS IN INVESTIGATTING
NUCLEAR INTERACTIONS

It is proposed for the first time to use the maximum like-
lihood method for the restorﬁtion of parameters of the electroﬂ—

photon cascade registered on X-ray filmsa,

Yerevan Physics Institute
Yerevan 1984



At present there are two methods of information readout
from the X-ray-emulsion chambers (XEC): the integral method
based on the darkening point photometering by circular dig-
‘phragme of various radii [1] and the differential method based
on the automatic scanning of local densities of the darkening
point bj microdensitometers with high spatial resolution (_2].
The ¥ -quanta energy restoration in [2] is carried out by means
of the method of moments over the density matrix obtained witn

different scan steps. In this letter it is proposed for the

first time to apply the maximum likelihood method allowing to
obtain consistent, asymptotically normel and efficient ostima-
tes of spatial-energy parameters of the r. -family source 3 .

In the system of coordinates of the XEC film plane there
'is a darkening point caused by a X -quanta with the energy E,
zenith and azimathal angles 8 and QY , ‘respectivcly. “he
generation point of the cascade shower is located in the layer .
of absorber at a distance t from the point center (x,, y,). The
I-ray-émul:ion £ilm is scanned by the automatic microdemsito -
[incter with .th; scan step A x, Ay =Ax, and the local densi-
tiu‘.of‘darhnin!; By vithin tne rectangular cells (4x, Ay)
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with the center coordinates > P yj, (i, J = 1,04eN) are de-
termined. The scanning raster dimensions in dividing it into
N2 elementary areas are equal to x, =4x . N, ¥, =4y . N, rese
pectively. The problem is the restoration of the Y - quanta
parameters (E,G,‘f,xo, yo) according to the darkening density
mairix {f (Xy ) yj)} , if the distribution function of the
gsmeral set  §(P(Y)|Njdp is given. The distribution
Sometom ;(?li!.} s Where ;!:c 1 {Ee,6, ¥, %0, y,) is defined by
..+ & rriori informastion hased on the axial approximation of
tne cageade theory[1,2].

It is known that the cascade shower projection on the
X-ray film in the absence of fluctuations and at the given
vector of parameters is approximated by ellipses of darkening
of equal densities, thelr semiaxes being determined by the

axial approximation of cascade theory:
- 6 ' i-1
g (5,)=2-9(Eo/10)+ 2 ) {G (RuEe/i0)} 5 (1

where Ry is the distance from the point center (xo, yo) to the
k-th cell center. The values q,(t)are the tabulated constants
that depend on the cascade shower generation depth (t). In the
expression (1) the y -quanta energy (EO) is measured in units
of TeV. The average density of darkening § 'representa the
average number of equivalent electrons that have passed through
the'X-ray film unit area.The fluctuations of the electron numbdr
in cells are considered to be distributed according to Poisson,
The variation region $ ='én- » where 5=Ax-AY is determined

by. tha.darkening curve of X-ray films and by analogy with [2]
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is equal to 2.,1073 =‘9mh6 P € Pas 5.10"1‘;14 m_z, respectivel*.
The density matrix contains also the background fluctuations

which are independent of the parameter vector and are distri «
2 .

buted according to Poieson with the average nluo?, =4.10"

pm |
. On the basis of a priori data on the structure of the

darkening point (1) the likelihood function is determined as

follows:

No Ny - N -
F({.P;,J'}‘;L.) iq(fo(nxfnmm,;i)‘gif(n“’lrl)“’:f,fe(n"a ?nmax‘fl)’ (2)

where N°+ N+ N2= N.N, fo and(-&) are the probabilities that
in the cell ko (k2)’ corresponding to the coordinates xj, Yir
the number of equivalent electrons is less (more) than the
-—tp

threshold value n,. (n . ) at the given 7 .

N, and (Né) are the number of cells from the density mat-
rix satisfying these conditions.

By the Monte-Carlo mimulated density mtrix{ﬂj}, obtained
for the fixed W, AXx =4y, Eo,e Yo Xy For Bes pgne By o ONY

may easily minimize on a computer the expresaion

A(Ef)e)?JXP)HO):'—E“F({P&}}‘;{) (3)

1] ! ' ] '
and obtain the point estimates of Eg» e . X y, with cor-

°
responding values of standard deviations 6;, 60 ,...63 accor-
ding to the matrix of second derivatives of the likelihood
function. WNe presemt in table the E'/E values and correspon=-

ding errorv si S =30° and :? = 60° for the three energies of



z

¥ « quanta (2,5,10) TeV, varioue thicknesses of absorbers (d)
in cescade vnits (e.u.} snd $he scsn steplix = Ay = 1C um.
v value of ihe devkeming demsity logariihm (1) was deiso -

mimed by the Lagrange psraboliic interpolaticn with the intei-

polution nodes Tp = 20

ploilalsd eryor i osuaeguate Toogone
: condition iz pextfeatly fultiriag

7 .t = e A ~ pa -
iothe caaoe of the mexiounr likeiihood method,
i } } oS 3 e - = ~ A
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It follows from our results, that in the data processing
from XE{ the maximum likelihood method allows to resch the
higheat accuracies of the restoration of the darkening point
source paramaters (the relative accuracy of estimates is of
few per cent). This fact significantly increases the efficiens
cy of the XEC techniques in investigating the nuclesr inter-
actionz of superhigzh energies,

Nete algo thet the suggested metncd may be applied as weli
in the case of superimposed (overlapping; darkening poinis
caased 7 several x - quantaa For this purpose one should

make a& wabstifution n = \':n (£, ,Ry)¥v N,  in the likelihood
=
functicn (2). Respectively, the mazimum number of unknown

arameters in the minimization procedure (3) incliuding also

el

thea na' quantity of 5‘nqugnta in the family, will be equal
o] L KYY where K dg the number of kinematic relations
£o 5n(J “+{ where K i ths number of ematic relation

betwaen paranmeters,

The asuthors zre greteful to T, L.isatiani, &,a.uamidjs
Yu ALSnoredin for numercus conduitatione, and Yo sll the meme
nerg of the geminar cf the OFT Jozmmilce RAay Depsrimeal for aeln-
Tul digoussiong.
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