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At present there are two methods of informatiqn readout

from the X-ray-emulsion chambers (XEC)s the integral method

based on the darkening point photometering by circular dia-

phragms of various radii [i].and the differential method based

on the automatic scanning of local densities of the darkening

point by microdensitometers with high spatial resolution [2].

The ̂ -quanta energy reetoration in [2] ie 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 — ^ — — lUrtiifcftrt Mtbot •llowlag to

obtain consistent, asymptotically norml and «fflolmrt ••tiaa-

tea of spatial-епегку parameters of the f -fanily •ouroe 3 •

In the system of coordinates of the XEC film plane there

is a darkening point caused by а У-quanta with the energy E
Q
,

zenith and azimuthal angles 6 and y> , respectively. ье

generation point of the cascade shower is located in the layer

of absorber at a distance jt from the point center (x
Q
, y

Q
) . The

film is scanned by the automatic aicrodensito -

meter with the scan step Д х, Д у «Ах, and the local densi-

ties of darkening p.. withi» the rectangular cells (Дх, Ay)



with the center coordinates x., y., (i, j = 1,...M) are de-

termined. The scanning raster dimensions in dividing it into

о

N elementary areas are equal to х
г
 = Дх . N, у

г
 = Ду . N, геы-

peetively. The problem is the restoration of the Jf - quanta

parameters (Е,6,(лх , у ) according to the darkening density

satrix 11» (*{, i Уг}} t if the distribution function of the

gsssanel eet у- (/*(
х
лУ)|^)4р is given. The distribution

Гж*!.» t̂ fl?) ******* ^•al^Jf^if,) is defined by

* .s & priori iofonsation baoed on the axial approximation of

t.rt-? cascade theory [i, 2 J.

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, their semiaxes being determined by the

axial approximation of cascade theory:

' \ (D

where R
K
 is the distance from the point center (x , у ) to the

k-th cell center. The values c^CtJare the tabulated constants

that depend on the cascade shower generation depth (t). In the

expression (1) the у -quanta energy (E ) is measured in units

of TeV. The average density of darkening j> represents the

average number of equivalent electrons that have passed through

the X-ray film unit area.The fluctuations of the electron numbed

in cells are considered to be distributed according to Poisson,
n

The variation region p = у , where S=AX-AL) is determined

hvr
 *

b
f? dm*ft

1
?"

8
 "g "ч"»™ oX,£-xay films ajad by analogy.jjrith [2],

4



is equal to 2.10""̂  a j>m. ̂  p < Jmax* ̂ •1 °~ J14 m" » respectively.

The density matrix contains also the background fluctuations

which are independent of the parameter vector and are distri *

buted according to Poieeon with the average value j) -4.10

On the basis of a priori data on the structure of the

darkening point (1) the likelihood function is determined as

follows:

No Hi

where No+ N.,+ Kg» N.N, •£, and(fj are the probabilities that

in the cell k (kg)» corresponding to the coordinates x/, y.,

the number of equivalent electrons is less (more) than the

threshold value a^^ (nfflax) at the given 4

NQ and CN^) are the number of cells from the density mat-

rix satisfying these conditions.

By the Monte-Carlo simulated density matrix|д.|» obtained

for the fixed N,4x -Ay, B
Q
,e ,*f, x

Q
, .у

о
, r^, n

tain
, i ^

x
 one

may easily minimize on a computer the expression

—finF({j4j}|r[) (3)

and obtain the point estimates of E
Q
, ® , f , x

Q
, y

Q
 with coi|-

responding valnee of standard deviations ̂ e>^0/"*^il accor-

ding to the matrix of second derivatives of the likelihood

function, ffe present in table the £ /£ values and correspon-

ding erroj г st 8 -30° and ^ - 60° for the three energise of



£" ••- quanta (2,5,10) TeV» various thicknesses of absorbers (df

•j •." cascade units (c«u.) ша& the SCAB step Д А = Д у = 1Cjum.

. !•' т&Хюе of tfe© darkening desaifcy logarithm (1) was Jeter -

1-.51йй»й bj the L&granga parabolic interpolation with the .intei-

pol^t-los nodes if = 2• g.,С f = 1,?,...10) c.u. The coefficient

<3; (t*_)
;
 {, = 1,2

5
..,. 6 in thr- e>:rri

:
P3icn (1) arc taker, from [4j »

B y a v e r a g i n g t h e s n e r t / •:•:••:, "• ••••'.. с-
;
. i m a e r v a r i o u s "Lhicknof..:oi;-

w i. Lh thP t: с court of tii-: v-/c :: ; /:̂ r
;
 i rve гзе!у proport iortaj In f--̂

;;':?.-.
;
ie ;iu ].,;,•• i f t h e ••!':!:' iJ.siL.-o ez"r •"!• it ^ d e q . ^ t e

l one. This importai^ condition it; регГепt.ly fu

the case of the Kaxiciiun likelihood method.

Ac_cотв.сiec? _of _•;гге ciоf initj.en £f tho_va.1 • xe E'/_Ii

... - ;:• i - Ч / ., с .'_

j.accounted
1 .01

, 1

1.01^0.27
j

. I .

0.972 1.003



It follows from our results, that in the data processing

from XSG the maximum likelihood method allows to reach the

highest accuracies of the restoration of the darkening point

source parameters (the relative accuracy of estimates is of a

few per cent). This fact significantly increases the efficien-

cy of the ZEC techniques in investigating the nuclear inter-

actions of superhigh energies,

Nofc(" also that the suggested method may be applied as well

in the case of superimposed (overlapping) darkening points

ceased iv/ several V ~> quanta» For this purpose one should
nl

make a tMbetitution a -- £_ П (£j, .R;,) * ГЪ in the likelihood
i-i

function (2). Respdctively
5
 the raaxLuum number of unknown

parameters in the minimization procedure (3) including also

the ПУ quantity of У" --quanta in the family, will be equal

to 5 n « " K M where К is the number of kinematic relations

between parameters,
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