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ON THE PROBLEM OF THE DETERMINATION OF .
PERMISSABLE PHASE SHIFT REGIONS IN THE PHASE SHIFT
ANALYSIS BY THE ‘RAVINE ' METHOD



'In performing the phase shift analysis of experimental data the sum-is minimized:

T i=nf (s Y. 42 ,
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vvhe_re ‘ ,’Yi("o‘l,' 89, 8y, ). are theoretical values of the quantaties which depend on the unknoWn ‘
parameters (phase shifts) 01,89, w8y ;Y exp. s experimentally found value of the same

quantaties; oy s the root-rnean-square error - of the measurements’ of the given quantaties.

When the nurnber of the parameters {s large, ‘the minimum 5(0 is obtained in multi-dimensional space
with the help of an e lectronic computer by gradient discendmg from the initial’ point chosen at random. )
The v<11ues of the phase shifts.. &y, 802, vee 8 Qms corresponding to the minimum- -y determine the
theoretical curves which best of all. satisfy the set of experimental values of the quantaties (Yl,Y2, e
Y. 'On finding the values 801, 602, vee 80m which are normal qsymptotlcally and present the best
evaluations of true thSL. shift valu es, the problem of the disperSion of these evaluations is solved. Stan-

dard deviations for phase shifts crre usually obtained by 1nvestigat1ng thc functional X (81 895 vee m)

0

in the direct neighbourhood of the minimum pomt At thls point the quotrent derivatwes

~

dy2 X% gk2 |
X2 / X = e = _di(__ =0 . and the rise of the functionai with the change of the parameters

corresponding to the minimum pornt is charac terrzed by the second order quotient derivatives.

In references / 1'2/ in order to find the region of pernussable values of phase shifts a new method
has\heen app lie d which is based on the determination of the bottom relief of the functional -
Xz ( ‘31,82, s & m) . With »this aim speclally .M. Gelfand has develope_d anume rical method, the
so-called ‘ravine’ me thod, when an electronic computer makes steps of finite length along the ‘ravines’
of small values of 2 without stopping at the minimum points of the functional On finding the ’ravfne’ ‘
bottom relief of the functional the permissable regron of phase shrft values was dete rmined proceedrng
from the condition that the increasing values of. x should not exceed the level xz 2x Obtained
in this‘vlay the regions of perrnissable solutions proved to be considerably larger than the regions/ 3-5/
determined in the case of gradrent discending on the basis of the mvestrga tion of the functronal struc-

ture in the nelghbourhood of the minimum points x2

/l 2/

Chosen in references the condition of the determmatron of the permissable phase shift region

as the region surrounding the mimmum pomt of the functional X 2 81, 82, aes 8 )y in which the value



9 2 D ' o 0 Aiy2 :
X < 2 X¥“ might seem to be quite reasonable. The value x “= % ( o; ' is ruled by the so-called
X — distribution which is characterized by the average value '3('2 =n~m and the dispersion

D=2(n—m).

If the series of independent measurements of the quantities Yj, Y5, .. Y, are
repeated many times and then for éach of the series one finds the minimum value of the squares sum (1),
then the obtained X2 are distributed according to the Xg- distribution with the above-indicated 2
and D. Thus, on‘average <16% of the obtained values of xzmin» will exceed the level
x2 =2 (n—m) chosen in references’1+2/, If the chosen region of the values X2\ is effectively filled

with the values x2mm _corresponding to the re peated series of measurements at'tﬁe same points, this

region x2 might seem to be permlssable also for the values x , obtained when phd\se shifts devia-

te from the values cotresponding to the obtained minimum.

However, the direct determination of the root-mean-square deviations of the phase ‘shifts from the like-

‘ lthood function of the given set of the experimental values of the quantaties Y 1+ Yoi +o Y, shows the

groundlessness of using the X2 — distribution for the determination of the permiss able phase shift
region . Indeed, the likelihood function, which is proportional to the pfobability of obtdining such a set,
in the case fer instance of the normal law of error distribution of measuring the values Yi has the follow-

ing formf
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P(Yl, Y2, e Yn H 81,‘ 82, .... Bm) =

At the point (x 8¢, 8z~ Som) We have the maximum value of the likelihood function
“Xmin k

max™ 5 e 2 - According to the determination the root-mean-square deviations of pha-
n
(27)
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se shifts are such deviations from &, 802y 50m, with which the probability of the set and con-
sequently the value of the likelihood function decreases el/2 times.

From expression ( 2 ) it i{s seen that such a decrease of the likelihood function takes place when

9 :
X = X2mm + 1, This level which exceeds the minimum value by a unity determines the region of the

~ values X2 corresponding to the root—mecm—squcn‘e deviations of phase shifts. The error matrix employed
' in a conventional method determines this region on the ba51s of the investigation of the functional

X 2( 51 s 89y vee 8 ) at the minimum point ( the determination of the second order quotient derivatives
from the functional at the point 8, 8¢9, o Som ),

If one returns to the consideration of the results of th‘e phase shift analysis for the repeated indepen-



dent series of measurements at the same points, then apart from the fact that the obtained values szin
will suffer a considerable spread according to the X2 - d1stribution, it should be added that.the obtained

phase shift values for the minima w1ll assemble in a comparatively narrow region, corresponding to the le-

vel x2= szin + 1. With increasing the number of the measured values-in the set.( n ). the spread of the

values. 'szm will increase, while the region of coordinates in the phase. shift multi-dimensional space
corresponding to these minima will naturally get narrower. At the same t1me the reglons of phase shift va-

lues .corresponding to x =c(n-—m) will not decrease w1th increasmg n.

Thus, as a result of the unfortunate misunderstand ing the large regions of phase shift solutions ob- -

: tained in reference/ 1/ have been taken to be’ the regions of permissable phase shift values*. At the same
time the determination of the regions w1th small values of x2 - by ‘the 'ravine’ method is rather ad-
visable as a fast preliminary investigation of the functional X which essentially simplifies further
search for the minima by the method of gradlent discending. The results obtained in refere nces/ L

_for 95 MeV may prove to be useful later on Just as such a preliminary investigation.

, A question' may arise on the complete solution of the problem by the ravine’ method including the

': :determ.ination of the minimum points of the functional and the root-mean-s quare phase shift deviations

corresponding to X = X"min+ 1. However, In this case in the reglons of small values of ¥2

- _the steps made by the computer should be decreased and the calculating accuracy of the value ' X2
should be improved. ‘The advisability of the complete solution of the problem by the ‘ravine’ method. is

‘not- obvious since the rate of such an analysis vvith the given requirements will sharply decrease..

.
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* The author of the prosent note had & ohanoe to report p&per/l/ at the Roohester conference, to anawer nume-
rous questions and to explain the method of Investigating the ‘ravine® bottom relief of the funotional with the help
of an eleotronio oomputer. In this conneoction it should be mentfoned that no one of the parttfoipants of the oonferen-
ce msouased the problem of the correctnesas of the determination of the permissable phase shift region by the valu-
es Y <2.(n-m ) . But the incorreotness of suoch a determination drew the author’s attention only quite recently,
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