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Abstract (see original)

Text To evaluate the efficiency of scanning it is necessary to complete
two ‘scans and ifris genérally agsumed tﬁat the prbbability is constant for
finding in the second scan an event which was found in the first scamn.,  Thus:
p = const. Although this is tacitly assumed, it should be verified for each

experiment. Let us proceed as follows:

Let the trus number of events be n and the scanning efficiencies for

theedat, Zad .., 000 ith scans bs g4, €2 esses %.respectively. Then the

average number of events, mi, found in the ith scan is
m =1’1-€. b (l)!

and the number of events missed in this particular scan in n(l - ei). If the

agsumption "p = ¢ = const" is valid, then the total number, m,

R of events

included in two scans i and k is

m, = Ry ei +n(1 - %) ek.

S

This is not a literal trenslation but an aftempt to express in English the

essential content of the original Russgian papef.



ow, let us define the efficiency, € for this combination of two scans

k’
- _ itk P (2)
q+k =m d
then, it follows that B 43 =€y T E "6 c €y (3).

In an analogous way, we find for three scans,

Ei+2+3 = €1 +* €2 + €3 + €1 o €z & €3 = [61 « € * €1 & €3 + E2b eg] (33)

The probability €5 that an event will be found in both the ith and the kth

scan is

elk = ei ¥ Ek (4‘)-

Similarly, the probability e;., for finding an event in all three scans 1, 2

and 3 is

Elps = €4 w Ep « €3 I (4&)-

If more than two scans are completed, equations such as (4) and (4a) relating
the ¢'s are overdetermined and hence there may be more than one set of solutions.
Let %: denote the efficiency for the ith scanning deduced from the numbers of

events observed in the ith and kth scans. Then

or (-:1,{ . (5)

where Mg denotes the number of events found both in the ith and kth scans.
The weighted mean value for the efficiency of the ith scan, €49 may then be
computed from the quantities ei. Hence the weighted mean number of events, ﬁ,
may be deduced from the individual numbers ni found from mi and Ei using the

equation

=]
1l
5y !I}.J.g

(6).
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m, '
ns= ;iéijﬁ _ (7)
i+k
']Il 4 n ;
- s P i 1 (8)
€y 4 2 +3

where’mi-é_;" _is the total number of events included in three scans.
o

Let us now see under what conditions our basic assumption

P = e = congcant is fulfilled.

According to (4)

m, 3

L 183
B o BETR e m Gme R =T = ]
ik n i k ’ 1253 n €1 o €2 Fj ( )

where m12s‘is the“ﬁumbernof common events in the three scans. If condition

(9) is satisfied within the limits of statistical error then ﬁ = ¢ = const,

and the:analysisis internally consistent. An additional criterion arises from
a comparison between-the ohserved and predicted. frequency of events found only
in one scan.  Suppose an event was missed in both scans i and k; then the

probability of finding it in the jth scan is

€ ; - k = (1 - Gi % 1) r : glO).
(Transliterators' note: Tolstov gtates that the following is the most sensitive
test.)

If p = const, ithe fact that some events are found and o%hers are missed does not
altef the constent probability for observing each and every event. For this
reason, the scanning efficiencics deduced (a) from the true number n and (b)
from the observed number mi, must be equal. Let us apply this procedure to
evaluate the efficiency for the 'j' and 'k' scans from a knowledge of m, and

the following quantities:
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(i) mly = number of events common to scans i and k

.
o

(ii) m, = number of events common to scans i and j

(iii) mijk = number of events common to the three scans i, J and k.
Denoting the efficiency for scan j, determincd from mijk and M. by e;k, we have:
. mw, .,
& fllf- (i,
. ik

.y then e%k ==e$1- Also, the calculated number of events
ka 3 5

I

However, since m,
ik

found in scan j, ﬁj, is

m m o T,

0y - K 2
J e i3k

Then we compare, for different j, the following:

a) m, with fi,

(@) my with 8,
and (b) Ej with 53k (e.f. equation (6) which defines Ej as the weighted average

value of the efficiency for the jth scan),
If there is any systematic disagreement between thcse values, for example, if
e;k - Ej s 0, (and hence ﬁj < mj), it follows that p # const.
Effort is usually concentrated on obtaining a scanning efficiency near

to unity. However, if conditions (9) and (10) are not satisfied or ﬁj # m,,

then even a high efficiency will not guarantee an accurate value for n.  But,

if these conditions are fulfilled, even quite low effibiencies determined with

good statistical accuracy may ensurc an accurate value for n.

It should be cmphasized that in order to mesintain p = const, it is neces-
sary that €, should be maintained constant throughout the whole of the time spent
on the ith scan. It is obviously not sufficient that the types of events ob-

served have the same features.
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Determinaticn of Errors

1. Known efficiency of observation, p = ¢ = const

The above method may be used to test whether or not this condition

is fulfilled.

il m, is the nuuber of events, then probability p(mi) for the occur-

rence of This numbcr may be expressed by means' of  the binomial distribution:

- ml Tl == mi
p(n,) = ;n;j"g"'{’";f;;gﬁ (¢,) " (1 -e,) (13)

where the true number of events n equals the number of 'tries'. The variance
of this distribution is |

0';21_ =m, (1 -¢,) ; : : ., | (14)

o, can be expressed, (conditionally, since e¢ is given), by the standard deviation

-oflthe efficiency cTE, thus:

2k

o‘m:_L = oy Ue_.l '-=\/mi (1 -ei) =Jn s €y fL “ei)

Hence the fractional standard deviation of e:.L is

(15)

This formula is only valid if n is known whereas in practice the efficiency

is not known a priori. The efficiency is derived from the experimental data and

its error will be greater than given by equation 15, (See 2 below).



2, Constant efficiency for cach scan but e:._;vée:!c
P iy

Let mk be the number of events found in scan k and mik the number of

comnon events to scans i and k. Obviously, equation 4 is valid since the e¢'s

are constants. Heuce, m,, = g, Ml o B €&, =8« €
A ] it %k ik

Thercfore, the probability of m events appcaring is

; n-m,

i Bed | (Eik)mik -g) (16)

P(mik) " ! ?n
ik

By analogy with equation 14, the variance oi will be given by
ik

2 (17)
Uﬁ. = Mk (1 - %5 %%
ik

YEoy (- ey

According to (5), the efficiency EE of the ith scan is a function of m amd mik

and the fractional standard deviation is

2
o : o} T (o3 om -
G A I S SN " (18)
k 2 2 m, m
€. m, mk ik

where r is the correlation coefficient between mk and mik thus:

e, (1 -¢.)
- :J i Iz | (19)*

l—ei.ek

Substituting in equation 18 the values of o ,Gnl and r, given respectively by

equations (14), (17) and (19), we find %
ok Np——
ei l - ei
5 = = (20)
G = ik
W i

* Note: Formula (19) is proved in a supplement to the original Russian text.
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3. The efficiencies are suall and not constont

. 3 9 3 2 o a . 2 —
The Poisson distribution is appllcab}e for Mo 20, = mik'

o
€

_ X
& s Jmik

when ¢ << 1, equations 20 and 21 are practically equivalent.

Ll

(21)

id
1

l,_l

4. Bfficiencies are not small and vary with time and between different observers

This casc cannot be represented in either the Binomial or Poisson form.
Ultimately, for a large sample, it goes into a normal distribution. If the
sample is sufficient then one may deduce errors in efficiencies by grouping the
data. Then one must determine the quantity srr{mﬂtistheﬁﬁfighmcy of the 'y!'
group in the ith scan. After this the mean efficiency and ite standard devia-

tion must be deduced.

Practical Procedure

The best approximation to the true number of events n is obtained if
formulae(9) and (10) are valid and especially if ﬁj = mj. This can only be

tried if at least three scans have been carried out.

(a) If condition p = const. is true, then the formulae (6), (7b) and (8) are
equivalent within experimental errors, The standard deviation of n may

be calculated from the corresponding standard deviation of e (equation 20).

(b) Usually p % const. Then it is much better to use equation (6) gince in
applying this formula the assumption p = const. is only made once whereas
in applying (7) and (2) this assumption is made twice. For this reason,
it is necessary first of all to calculate Ei’ the weighted mean of the

e?'s and, since p # const, equation (20) only gives a lower limit for
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. Then

Thence, we may deduce ni uging equation (6)

I_n_ — &;-‘g
L1 €5

and subsequently calculate n.

A The upper limit, for a given value of mik’ may be deduced from equation

(22},



