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Tointrodustion,

In the present papeyr the dependence of the scatieing constant
on cell length is deftermined from t=0.5 cm up to t=10cm by two
different methods,

In the interval 0.5 em<t< 3 cm, the “"coordinate method" [1]
of multivle seattering meassurements and for higher cell lengths the
Yavpular dispersion method” {ng:ﬂﬁ?@ used, At t=% om K ls detere
mined with both methods to check the consistency of the two methods.

Pregent measurements pernit to invesitigate also the behaviour
of the spurious scatitering as a funcbion of cell length,

P.dseoussion of the different methods,

2.1 The scattering constant can be calculated in the case
of the coordinate method from the well krnown formulas
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with the approximation mﬁﬁ&%g§ . Here gig arid z%} are the mean
values of @%%%@cw%ﬁ differences due to nmultivple Uoulomb scattering
and spurious scatbtering respectively. (55? %’&ﬁﬁfﬁimrﬁ expressed
iﬁf& . %ﬁﬁﬁﬁ? and LeV/e, respectively). The values of the scatte-
ring constant thus oblained are alwave greater than oy abv least
egual to the true values of K, The less negligible the spurious
scattering compa.red with the Coulomb scattering, the g%@a%&% this
deviation,
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1.introduction.

In the present paper the dependence of the scatteéing constant
on cell length is determined from t=0.5 cm up to t=10cm by two
different methods.

In the interval 0.5 ecm<t< 3 cm, the "coordinate method" [1])
of multiole scattering measurements and for higher cell lengtls the
"angular dispersion method" [2,3:]are used. At t=3 cm K 1is deter-
mined with both.methods to check the consistency of the two methods.

Present measurements permit to investigate also the behaviour
of the svurious'scattering as a function of éell length.

2.Discussion of the different methods,

2.1 The scattering constant can be calculated in the case
of the coordinate method from the well known formulas
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with the approximation aép<zgz. Here ;; and oﬁ% are the mean
values of thgsecond differences due to multiple Coulomb scattering
and spurious scattering respectively. (cl, f’andﬁﬂ are expressed
in/u ’ 100}1, and lieV/c, respectively). The values of the scatte~
- ring. constant thus obtained are always greater than or at least
equal to the true values of K. The less negligible the spurious
scattering compa.red with the Coulomb scattering, the greatef this

deviation.
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.2 In the case of the "angular dispersion”™ method iﬁi],
the lateral angular distribution is measured in two or more strips
péry&m&i@u&&r to the beam-direction at a distance t given in
7%%& units from one another., Then the scattering constant can be
determined from -2 IR /4

8 =151
K = s 1% 1/ (2)

Whmr%<£%;§mmi &%d are the projected angles in degrees between the
i-th measured track and the average direction of the beam in the
first strip ( t=0 ), and in another one at a distance t from
the first striyg, respeciively,

The contributions of the various noises {grain, stage, rea-
ding noise) to the Coulomb scattering angle are the same in each
strip. Thus by this method the effect of any noise is eliminated.
However, the effect of small angle diffraction scattering has to
be taken into account, Therefore, one has to use in Eg. (2)

R 4

o Ca— 2 2
%, com |= A »{}«%fﬁiﬁﬁim&ﬁm{ﬁ of JY[ wﬁar&{}&fﬁ;‘d‘)waﬁz calcu-
lated.

3.Experimental results.

5.1 Measurement with the coordinate method,

%.1.1 Measurements were carried out on tracks of ¥~ -mesons of
momentum (17.22 0.2)GeV/c in Ilford G5 emulsion plates of size
14,5 em x 23.5 em x 0.06 cm by means of a Koristka R4 microscope
uging an objective of magnification 55,

Tracks of a total length of about 1% m were measured with a
basic cell length 1t=0.5 om,

The value of the total noise was found to be (0.150 % 0.03)um
using %Q}$ cell-size,

The distribations of the absolute values of the second diffe-
rences for cell lengths t=0.5, 1, 2 and 3 cm are cut off at @j%ij
and normalised to the total number of second differences., With this
cut off 2.7, 1.9, 0.8 and 0.9 % @fpth& total number of second
differences were omitted. éwjzmtﬁsﬁ analysis showed that the cut
off distributions can be well approximated by normal distributions
up to the highest cell Zéﬁgth measured,



g Yhe mesn values of second differences corrected for the

1.
constant noise (dw) after cut off are plotted versus cell length
in Fig.1 (open circles)., The theoretical curve obtained fmx;¥;§iiﬁ
values of K(t) celculated by Vovvaﬁzﬁ and Pickup 4] having taken
into sceount the finite size of the nucleus, is also shown in the
seme figure. Becesuse of the effect of spurious scattering one

should expect the experimental points to be larger or at least

gounl to the corresvonding d. velues,

%.1.% For the calculation of the mean second differences due
nurely either to ﬁ&mlimb scattering or to spurious scattering the
rnethod worked out by Casnikov et al. [ 5] has been used., This
rmethod does not involve the & priori knowledge of the scattering
covstant and therefore one can investigate the behav_iour of the
spurious scatiering v;%hout aﬁvamnf any vredicted velue of K, By
this method the value of o, end d@ can be obtrined fror the measu-
red second (d) 2nd thivd (dmﬁ} differences, Intvoduning the notz-

tions
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the formulae to be applied are:
~ oo |
e fm‘ - ?% ’
i - 1 f}l Fﬁ. 44&"
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d“;", %dh T— 2 Y # ‘ (4‘}
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b . ,
In these formulae we put 3”, = 10/3 /, “he mean values of second

Xxﬁhia aa%uma%zon 1 suymor%&d by the fact,sthat experimental values
very close to Do = 1oy, were obtained by Casnikov et al, with the
foxmul% given in ref]?} ‘

Phe M;(ta.}»dm{tj dwm}g/f[{f‘*«jd (44 )= clms (82)]
where %1 and 5, represent two different cell lengths.
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dgifferences due purely to Coulomb scattering calculated from Eg.(3)
are also plotted in Pig.1 (crossed points). It can be seen, that
all the experimental points for t2 1 cm lie under the theoretical
curve, i.e., the deviation is more pronounced than in the first case
(see 3.1.2) despite of the greater statistical error of the indivi-
dual velues,

The mean values of second differences due to spurious scatte.
ring obtained from Eg.(4) for different cell lengths are plotted
in Fig.2. One can see that the trend of the spurious scatiering does
not show with increasing cell length any saturation or break down
tendency,

In the present measurenments the spurious scatlering obevs the

power law
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with n=1,22% 0,17 and
method of least souares,
The average of the @ -values in our measurerents is 1.45%20.02
gignificently graater than e = 1,228 predicted theoreti-
ecally for multivole Coulonmb scattering.
Yhe values of the gseattering constant celeulated with the
assumption dg, << A and using A, values obtained from Eo.(3)
are listed in Table 1, respectively.

LTable 1.
t K K
(100w) it d=q, ?m
50 31.6 £ 1.7 27.5 + 2.0
100 30,4+ 2,0 27.1% 2.2
150 20,1 % 1.1 26,3 % 2.7
200 30,0+ 1.2 27.84 4.4
250 29,5 + 1.7 27.2% 2.0
200 28,7+ 1.7

x/

This value is higher than expectéﬂ because the a&aumption¢Z%4@Z
does not hold at this cell length.
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.2 Weasurement with the asngular disnpersion method,

3.2.1 Neasurements were carried out in the same region of
the emulsion plates as in the former case., The plate was placed
on the stage in such a way that the angle between the direction
of stage motion and the average direction of the pion.beam was
avout zero, In order to include only vrimary vartivles, tracks
having projected angles to the average direction of the beanm smaller
than 1° were measured.

In three strimp at distances 1.8, 4.8 and 11.8 om from the
edge of the plate (the second and the third stripes being at t=3
and t=10 cm from the first one) about %QQQ Yrocks were measured.

In order to eliminate the possible backeround due to single
Coulomb scattering, knock-on electrons and secondaries from inelas.
tic nuclear interactions a cut off waes applied at @?2% . In this
way the same background events are eliminated as in the case of
the coordinate method. In the first, second and third stripes 0.6,
1.5 and 0,6 % of the total number of tracks were omitted, respec~
tively.

3.2.2 Baving applied the cult off the angular distributions
can be well approximated by normal ones,

For the calculation of the scattering constant one has to use
Eq.(2) which can be written in the form

; 1?%,6%5”@ ?i ;/&c 32:?” ot % (6)
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4,225
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znéyigwﬁ iiiﬁmwi is plotted vs. cell length. The experimen-

where

tal points yield a straight line, indicating the constancy of K in
this interval, Using the method of @h%@aa@t gsouares, the mean value
of K for the cell length interval 3£1£ 10 o turned out to be

K = 30,2 + 2.5

4, Discussion and conclusions,

4.1 It can be seen from Table I that the interval 0.5 cmg&tg
- £3 cm the K values obtained by the "ecoordinate method" show a
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small but significant dependence on cell length, and can be well
sopproximated by 2 consbant ¥ = 30,2 4+ 0.6, Applying the "angular
disversion method® we obltained ln the cell length interval 3Som
t 10 em K = 30,2 + 2.5 which is in agreement with the above
value., After having corrected for spurious scattering one finds
that the independency of the K-values of eell length becomes
even more nronounced in the same interval. (see Table 1), and the
mean value of K is 27.1 + 1.2.
' We have collected from 20 published measurements the R-
vealues which were pmeasured =21 ?ifigrent energies in the 0.1 omg
&t €10 em cell length imﬁerv:ffﬁﬁgdgéve divided the data into two
narts with resvect to the cell lengths used: 0,1 ecm&t &1 onm
and 1 cm £t £10 om, The weighted aversges of the K-values over
the first, second and the total cell length intervals are
28.9 + 0,2, 29.% 1+ 0.%, and 29.0 + 0.2, respectively.

In conclusion we can say that for high energy particles
a) K is constant at cell lengths $% 0.1 cm and
b) smaller than expected from the theory of Voyvodi® and Pickup,
even if the influence of the spurious scattering is notrtak&n
into account,

We are indebted to Prof. E, Fenyves for helpful discussions.
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Pipure Captions,

Fig.1 Variation of ‘ﬁm with t ., The crossed noints corres.
pond to second differences corrected for spurious
scattering.

Fig,? Dependence of spurious scabtering on cell length t.

Pig.3 Variation of j&% corr] VS+ t. The smooth line was
¥

caleulated using the method of lezst souares,



{ m&w spmETERR} CPRSLE JU asgduy ¥ S operid oI Y 0L SARY BERIms RNy Sy
- FBEIInIORtE VOTIeRRIITe alduw ,m,mmmw 07 PRLUBIILS FRX
ToASE PRIRBINGD ix

y
H * E: . & .
o 6 g i £ @ i T N 1 PO £ O
P g 'y mm & ail
wipuag eTduTe we sreusy sy U e T A | PEORIL STSUIS WS WUIRX 4 soway widurs w0 @%MMMM&MMM
N - TR T
i 23 4m0 WP 330 me 330 3ne Wyl e tita bata g6 ane  POIIade
Ly ) i SeTEnEET e FrENTEE
¥ en 6ro¥erm broteree ca¥eten aoTE6E | 9'0vetor eniTiiE 9UOT0E AT IRTE R R R enris” vont
- e
@ aFe PRI I AT
Lz - Z4s | o'8
wEteoss grig 1 oztd
Lra¥eg " FEE O g 4
g £ 0¥ on 2 | o'
o isrEEe - IR ES
504800 gz oty - 51T in - P
g 1 ¥g iz g Ty R L L2z Rt R
. N _ s aTeris ¥ al . . - IR
Li¥eren] LreRenig gyt iz peeiatieigniTore w 0¥ e g 2y s | 0'2
La¥eraziiniTiveg . - R EEY
- - greFitiziot R DT PR e 19t
gre¥oces | opreERto LrORETLE LN feid L
X % 1. - PR I3 R )
- Sre¥oag mte¥erie ani¥eis - X BER
gu¥erer | g TR SN g 1 v
- LitE . - X EER
g 0¥6082 | 2T $oFatas ¥t e | o2%e
% Fax - vritEr e RIS
sxoin . pan sreTeres | g% oriFzver | it | e
a1 L9l £91 L £ e fal le] | (83 [l | seomsss smesexd [0t} | [ | (8] {al fu)
-
£y peInewey P wmwww%
INVISNCO SHTEEIIVOY NHI 40 BENIVA pepoadug) 118

" OEIEYE



X-4o

kS

£md

@

.

#

d bl o hd e i
£l . OB
(m)
”(
bk
( w ,,,,,
“ 0o i o FOO

Lo 20 o wrritsl

jr—
3l

? mrad?

o s00 i
W{,
(i 100 p wnits)



