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4ex H., HHoyT 3., flerap cp, , ManeK 3. El-3708 

Ynpyroe pacceHHHe npoToHos 660 Mas Ha KpHc Tanne, 

HayqaeTcH ynpyroe H KsaaHynpyroe pacceHHHe npoTOHos c aHeprHeA 660 

Mas Ha MHWeHRx: KpHcTanne LMN ( La ~Mg 8 ( N08 l u x 24 H ~0 , aKSHsaneHT-

HOI! 6eas onopot:t.HOI! MHWeHH H3 Ba(N08 )~(0.6,;;s7 %) J MgO (63,63 %) H n onH-

TeHa CH~ , PeaynhTaTbi MO)KHO HcnoflbaosaTb anH nnaHHposaHH H aKcnepHMeHTOB · 

no N - N -pacce!!HHIO Ha npoTOHHOl! nonHpHaosaHHol! MHWeHH H3 LMN 

fipenpHHT 06be,QHHeHHOrO HHCTHryTa JI,QepHbiX HCCJle,QOBaHl.dt 

~y6Ha, 1968. 

Cech J., Janout Z., Lehar F . , Malek z. El-3708 

Elastic Scattering of 660 MeV P rotons on LMN Crystals 

Elastic and quasielastic 6 60 MeV p!"oton scattering on various 

targ ets has been inv estigated. Crystal LMN(La
2
Mg

3
(N0

8
l

12
x 24 H

2
0 l, 

the equivalent dummy targ et c onsisting of Ba ( N0 3 12 (36.37 o/o )and Mg 0 

(63.63 o/o) and polythene CH 2 w e r e u sed as targets. The r esults c a n 

be used for the pla nning of the nucleon-nucleon scattering e x periment! 

on a proton p olari z ed targ et. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1968 
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1. I ntrcxiu ction 

The i nvestigation of the e l astic scattering of orotons on LMN 

(La 2 Mg3 (N0 3 >
1 2

x 24H
2
0) )i) crystal s, used as proton polari zed tar-

gets, needs the separation of p - p scatte ring on a back_ground of 

other processes. From the formula i t follows , that the L MN crystal 

contains only 3 . 168o/o of free hydrogen (in crystaline water) which 

can be polarized by the dynamic method /l, 2/. 
The sca ttered proton a nd the correspond i n g recoil proton a r e 

detected s i multa neously i n order to separate the p - p e l astic and 

qua.s i ?lastic scattering processes from a ll other events. 

The aim o f the prese nt i nvestigati on i s to determine the a mount 

of quasi e l astic events, using a hydrogenless ta r get (a durwny target

DT)", with the same number of the bound protons as LMN. The r a 

tios of the e l astic p - p s cattering on the LMN crystal and on a poly

thene target C H 2 are determined with account of the quasi e lastlc 

processes on DT and c a rbon C , respectively. 

Since the cond i t i ons of the experi ments with CH
2 

"' ) The crystal conta ins a l so about l o/o o f necxlymiurn even i so
topes. 
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known, the c omparison of the CH 2 targ et and the LMN crystal, car

ried o ut in the pre sent investigation, make it possible planning of 

e x p e riments o n the proton polarized targ et (PP'I') with the LMN crys

tal. 

2. Targets 

T a r g ets of LMN, DT, CH 2 
and C as well as the copper foil, 

in which the targ ets were packe d, were used in the experiments. The 

weig hts a nd the sizes of the targ ets are g iven in T a ble 1. 

Specia l a tte ntion was paid to the preparation of the DT. The 

consistence of the DT and the LMN targ et is given in Table 2. The 

compo nents of the DT Ba (N0
3 

1
2 

(36,37 o/o) and MgO (6 3.6 3 °/o) contained 

about 2 °/o o f wate r a nd or12.anic admixtures x). We Qot rid of the se 

by a nealing Mg O a t 800°C a nd Ba(N0 3 l 2 at 300°C (the melting point 

5 9 2°C). The c h a n _ges of the Ba(NO.l.,weight during a long time heating 

were n early neg lig ible. The o btained mixture has four times lower 

dens ity tha n LM N. T h e powde r must be pres sed at .about 3000 kg/cm
2 

in order to o b ta in the same den s ity a s LMN (2.g/cm~. A special 

mould is n e c essar y for suc h a hig h pressure. For this reason a 

mould suitable fo r pressing about 100 DT samples was constructed 

(s ee Fig .1) The obtained targ ets it is possible to machine to the 

necessar y s i z e with the h e lp of emery. After a second anea ling at 

300° C for 1 0 hours, the samples were packed in a Cu foil, since 

;<;} I n the Ruthe rfo rd Hig h E n e r g y Labor a to r y a mi x ture o f RaC0 3 
( 26. 2 %) a nd Mg O (7. 8 %) with te fl o n p owder (66 % ) was used as 

the DT. T h e d e n s i ty o f this h ea t pre ss e d mixture is g r ea te r tha n 
tha t o f L iV1N , the r equired aver a g e den s ity i s ma d e by s tacking to

g e the r a l a rge number o l thin pla te s {gj rpe ndic ula r t o b eam d irec
tio n) l eaving gap s between the l ayer s ;: • 
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3. Experimental Equipment 

The scheme of experiment is shown in F'ig.2. The 660 MeV 

proton beam from the Dubna synchrocyclotron transmitted through a 

svstem of colimators is scattered on the investi_gated tar_get. The 

beam average intensity was 10
8 

protons (sec .cm
2

.) The scattered 

and recoil protons were detected by two scintillation counter telescopes 
3 

A.B. resoectivelv (FiQ..2), Plastic scintillators 50 x 25 x 5 mm 

were used in the detectors -. The angular . resolution of the telescopes 

was !J.(J = + 0. ?5° and 6.¢ =_+ 1. 75°, where cp is the azimuthal 

anQ.le. 
The counters of each telescope were connected in triple 

coincidence circuits c, , C., with the time resolution of 5 x 10-
9 
sec. 

The output pulses from the triple coincidence circuit were simulta

neously transmitted to the double coincidence circuit C 
3 

and c •• 
The C 4 registered the background of random coincidences, whereas 

C 3 reg istered the elastic and quasielastic p- p scattering events 

together with the background. 

At two an12.les of 50° and 90° c,m.s. the measurements on 
the other experimental equipment in usual condition for a PPT were 

performed. This e quipment i s described in ref./
4

/. The LMN crystal 

of size 20.,-30.,-20 mm
3, insirl P. the crvostat. a nd DT. L.H 'l and C 

target s were used. These targets of the same sizes were put inside 

the model of cryosta t during the measurements. 

The primary proton beam was detected by the two monitors 

M 1 and M2 (Fig. 2) , 
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• 
'1 . M easurements a nd D a ta P r ocessing 

T h e mea s urements vver e p e rformed f o r s i x s c a ttering a n g l e s 

i n lhe r egi on 0 =30°- 90°(c .m.s.). The t e l escop e A a l w ays deter

mined the scatte ring a n g l e , te l escope n d e te cted the r e coil particles 

in the v i cinity o f the c o njugat e a ngle x 0 (la b. syst.). The sca tte 

r i n g was s u ccessi vel y p e rfor m e d on the LMN, DT, CH 2 and C 

targets a n d o n the C u fo il. The counting r a te N p f +h ( (), x l for the 

c o n s ide r ed e ffect tog ethe r with the random coincide nce backg round 

Nb ( 0 , x l a nd N m fo r the monitor M2 w e re d e termined simultane ous l y . 

H ere, x i s the l a bora t o ry ang le between the telescope B a nd the 

initia l directio n of the beam. 

T h e dep e nd e nces the numbe r of pulses N 

() fi x e rt) wer e a pproximated by the functions 

f I ( (} , X ) = 

£2((), x) 

___ _: _____ 2 + 

lfl + ( X - "o) 

M k 
= L dk X 

k=O 

a 

L c I X 
1=0 

on the ang le 

(1) 

(2) 

The func tion f 1 ( () • x l approximates the dependence of effec t 

togehte r w ith the backg round N e r + b on x , the function f 
2 

( (), x) 

a pprox ima tes that of the background alone. The quantities x 0 

a , b , c 
1 

, d k are variable parameters and were determined 

t ogether with their errors using the least squares method. The 

numbe r of variable parameters was chosen according to the X 2 

crite rion in s u c h a manner, that x 2/x 2 is not descreased when a 

furthe r c o efficient is a dded. 

On the bas is of calculated values f 
1 

( (), x
0

) and £ 
2 

( () , x
0 

) for 

a ll the targ ets, we can determine the following ratios: 
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-:;cessing 
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{2) 

~pendence of effec t 

the function f (I), X) 
2 

rhe quantities xo 

1d were determined 

mres method. 'I'he 

::cording to the X 2 

lescreased when a 

:0 land f 
2 

( () , x
0 

l for 

ratios: 

N - N 
LMN DT [ fl(l) ' xo)- f2(1) ' x o l ] LM N - [ fl (8,x o l- f 2(IJ ,x o lbT 

- - --------------- (3) 
[r <e,x )- f ( IJ , x l] - [r (IJ,x)- f (IJ ,x )j 

I 0 2 0 C H ~ I 0 2 0 C 

N N 
C H

2 
C 

[ r < e, x > - r < e , x >l 
I 0 2 0 C 

(4) 

[ f I (I) ' x 0) - f 2( I) ' X 0) ) D T 
---

f(IJ,xo)...:.f(IJ , xl) 
I 2 0 LMN 

N 
LMN 

{6) 

It was check e d exp e rimenta lly tha t in o ur c ase the p - p 

s catte ring on the C u f o il i s neg lig ible s ma lle r tha n 0 . 1 % o f measu

red e ffe ct on LMN c r ys ta l. 

5 . Results 

'I'he values calcula ted a ccording to formula e (3)-(6 ) f o r the 

ela stic a nd quas ielastic effect of P- P s c a tte ring on C~ a m 

LMN are g iven in 'I'ab.3. 'I'he errors of this ratios r e present the 

mea n s qua red deviations . All the mea sured d a ta a r e n o rmalized 
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to the same counting rates of the monitor and to the same number 

of bourn protons in C H ~ 

The dependence of 

(J = 90 ° c .m.s. for LMN, 

C arxi LMN, DT, respectively, 

f 1 (90°, x) arxi f 
2 

( 90° ,x) on the angle x af: 

CH 2 arxi DT are shown in F'ig,3. The 

analogous 
0 0 

dependences for the angles 75 and 40 c,m.s. are 

shown in F'ig, 4 and 5 , The corridor of errors has been calculated 

on the basis of the error matrix. 

The same ratios measured at 50°and 90° c.m.s . in the depen

dence of the target thikness are given in Table 4 . The asterisks de

note the measurements, performed in conditions of PPT. 

The dependences f - f at 90° for the LMN crystal arxi 
1 2 

DT on x in PPT conditions are shown in Fig,6a,b, For comparison 

the function f 1 - 12 for CH 2 arxi C of the same weights are plotted in 

Fig.6c,d. In all figures, the coordinate system with x
0 

= 0 is used. 

It follo w s from Tables 3 and 4 that the ratio of elastic p - p 

scattering events in LMN and CH 2 is always smaller than that of 

the number of free hydrogen n :.1clei for equal wei ghts of the samples 

(this ratio is equal to 22,01 %) The geometrical conditions were equal 

since the sizes of all targets were the same and all the results 

were reduced to the same numbers of bound protons. This effect 

may be due to different multiple scatterings, different absorptions 

and different scatterings on complex nuclei in LMN arxi CH 2 • This 

differe nce increases as the energy of the recoil particle decreases 

arxi the thickness of the LMN target increases. 

For scattering angles smaller than 30 ° c .m.s., when the recoil 

proton is emitted at a large angle and its energy is small, the ratio 

of the backgrourxi to the measured effect increases s i gnificantly, 

so that the accurancy of the measurements decreases (Tables 5 

and 6). The number of quasielastic P - P scattering processes also 

increases, as can be seen from Table 3 and Fig.5. 
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It follows from the above discussion, tha t for angles smalle r 

than 30°, it is necessary to reduce the thicknes s of LMN polarized 

targets considerably. It is very des irable to obtain a PJYI' with a 

hig her relative hydrogen t:ontent, even if this would mean a decrease 

in the magnitude of the polarization. 

The LMN target was many times irradia ted (200 hours with 

the nroton beam of intensitv about ~0 8 
orotons / sec. cm 2 . te.ken 

in high vacuum and was cooled down to ~ ° K 

The chemical analysis was made in which it can be determined, 

how the contain of water chan_ges • Two samples of LMN are ana

lysed one of them was irradiated, the second one was not used yet'KJ. 

Since the LMN crystal was not hermeticaly packed, and his 

surface is hydroscopic, the surface as the internal part (which 

g ives a main scattering effect) was analysed separately. The res'...llts 

are presented in Table 7 . The mean squared error is equal to O. lo/o. 

From the Table it follows tha t LMN crystal during a long 

time irradiations , lased a part of crystaline water and his consi stence 

changed. On the other hand his surface absorbes a moisture from 

air and in view of this each crystal must be taken in exicator or 

her"TTetically packed. 

In conclusion the authors express the ir deep Q.ratitude to 

N .Malkova for constructing the high-pressure mould , I.Dudova 

for the chemical analysis of LMN crystal, M .Borghini, Yu.M.Kaza

rinov and P .Winternitz for helpful discussions, E .Dudova , J.Fingero

va, R .Tichy and J.Sacha for help in the work • 

In a ll the measurements, discussed above, the non-irradiated 
LMI\T crystal s wer e used. 
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T a b 1 e 1 

Targets Size in [nnn] Weight g/cm 2 

erature Physics, ed. in gr. 

cience Publis h e r s , 1. :r..MN 22 X 15 11.7379 ].089 

2. Ui4N 1.358 Conference on Pola-

• 41. ) . I1dN 20 X 30 X 20 24.00 4.00 
~67). 

l 4. I.MN 20 X 30 X 22 26.40 4.00 

ing D e p artment 
, 

5o DT 22 X 15 11.6099 3.055 
13, 1968. 

6. DT 20 X 20 X 30 23.0361 ).839 

?. CH2 30 X 6 4.2)9 0.600 

8. CH2 20.5 X 15 4.6369 1.405 

9 . CH2 10 X 20 X 30 5.70 0.95 

10. CH2 30 X 13o4 8.730 1.236 

t n. CH2 20 X 30 X 20 12 .. 0085 2 . 001 

12. c 22 X 15 11.8385 

13. c 20 X 30 X 20 22.3475 

14. Cu 23 X 16 2.6964 
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T a: b l e 2 

The structure of' dllllllilJ target and LMN crystal· 

r-

DUI!II!lY target 

n . Ai 
Element z A. n ... 'l.. 

__J._ ___ 

). l . ). 
A 

• 
Ba 56 137.36 279.75 O. l Ob 

Mg 12 24o32 356.29 Oo240 

N 1 l4o01 85 o51 0 . 0,5tl 

0 8 16o00 762o24 0 . 514 -- ---
A = 1483.79 1.000 

LMN target: ~ Mg3 N0
3 12 o 24H

2
0 

La 57 138o92 277 .84 Ool819 

Mg 12 24o3~ 72.96 0.0478 

N 7 14.01 168 .12 OollOl 

H 1 1.008 48 .]8 0 .0 .::.17 

0 8 16.00 960 . 00 . 0. 6285 ---- -----
A =1 527 . 30 1 .0000 

- ------

12 

Weight 
in c:;r . 

2 o30 

2 . 94 

0.70 

6 . 26 ---
12 -.22 

I 
I I 

I 

2.18] 

0 . 574 

1.]21 

0 . 380 

7 -542 -----
12 .000 

·I'he ratios of thE 

various s catterin 

J" "'-t:t."- NIJT 

c., .s . ~~~ - Nc 

90° 19.41 :: 0 .37 

75° 15.50 ! 0.39 

60° 14.84 :!: 0 . 44 

50° 13.00 ! 0.27 

40° 10.44 :: 0 . 47 

35° 

30° I 11.4 :: 2.7 

The ratios of the 

ef~ects f or the ta 

v w d 
c. m.s. {3'/c~n} {em] 

90° 4.o"1 2 .0 

90° 3 .09 1.5 

90° 1.36 0 .79 

50° 4 .o•J 2 .0 

'500 3 .09 L5 

*) 
'l'he data measured 



..MN cry sta1· 

------- ·---

n A. Weight -L_L 
A in 6r. 

.J .lo.::, 2 o]O 

Oo240 2.94 

0 . 0,513 o. 70 

0 . 514 6 . 20 --- ----
1o000 12 .• 22 

, 24H
2

0 

Ool819 2o18J 

0.0478 0.574 

OollOl 1.]21 

0 .0.:;17 Oo]80 

Oo6285 7 .542 ------ -----
1.0000 12.000 

T ab 1 e 3 

'I'he ratios of' the p-p elastic and q_uasi e:lastic ef'fects f'or 
various scattering angles J"' . The tart;ets of size ¢ 22xl5 

were used • 

"' N.~ .. - NDT M: ~,.,N -N,r NDT 
c. "'· S. ~I{ - Nc ~HA ~"'N Nt"'N 
90° 19.41 :: 0 .37 1 .89 ! 0.34 9].31 ! 2.25 6.69 ! 0.92 
75° 15 . 50 :. 0.39 - 91.87 :. 2 . 7tJ 8 .1) ! 0 .97 
60° 14.84 ± 0.44 1.57 ! 0.20 92.74 ! 2.95 7.26 ! 0.99 
50° 1).00 :. 0.27 1.93 ! 0.2) 92 . 58 :. 2.2) 7.42 :. 0 . 76 
40° 10.44 :. 0.47 - o4.04 :. 4.6d 15.94 : 1.98 
35° - 3o48 ! Oo54 -- -
30° 11.4 ! 2.7 - 77.8 + 22.0 22.20 + 53 .]6 - -

1'able 4 

The ratios of' the p-p elastic and quasielastic scattering 
ef~ec~f'or the targets of' various thickness. 

"' w d ~l'fN- ~7 ~ ~MN-~T NDT 
c. m.s. {3'/cm':J {em] ~lf,z- .-4{ I{ H.~, "'-MN ~MN 
90° 4 .o"1 2.0 1).90!0.)5 1.32!0.08 ';12 -3 4!1.13 7. 26!0 oJ2 
90° ] .09 1.5 19.41:_0.]7 1.ll9! 0 . ]4 93 .31:_2.25 6 . 6:1:_0.:12 
90° 1.36 0.79 19.62::0.40 94.ll!2o48 5 . o:~ :u . :;'~ 
50° 4 .o•J 2.0 15.01!0.35 2 .84!0.47 90 .13!1.10 9 .0/:_0 .o9 
50° 3 .09 1.5 13.00:_0.27 1.9]:_0.2] 92 . 58:2.23 7.42:_0 . '/6 

*) 
'l'he da.ta measured in useful co11di tions of the ppr • 
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T a b l e 5 

'l'he ratios of the p-p scattering ei'fect to that together 
with the backzround of random coinc~dences as a function 

of the beam intensity /in relative units/. 

tf {90", Xo) 

If rro~ x., >. -t r "~~ "oJ Beam 

CH2(w = 0 .9 5c/cm2) LMH(w = 4.0c/cm2) Li,JI (w = 1.]5g/cm2 ) Intensity 

';!9 .91 :!:. 1.91 95.71 :!:. 2.8b 100 

99 .87 !. 2.56 90.3 ! 4 .~ -;;:; .1 : 4o7 122 

90 . 5 :!:. 1.6 c5.;i : 4 •. , 194 

97.<;, ::. 2.4 71.9 ! ] . 6 294 

95 . 5 :: 3.2 48 .59 ::. o . t:2 5&9 

T a b l e 6 

.i:!·lc ratio.s of t he p-p scattering efi'ect to that together 
wLtit th~ backgTound of random coincidences a s funct i o:1 of 
t ht:-! S(' '1 t .. v~riot; 8J.~.llC ~ . w .o. The t ar Ge t s of size 

22 x 15 were used . 

r---··---- --- --

J' 
6 tro: Jt 0 ) 

{_,f9q;.t0 )•-t (90> 0 ) 

c . m . s. CH2 
L..Jii DT 

·r-
90° :)c.3 , 'j !. 2.1 :Jl . J ! 2. 3 40 .1 ::: 7.6 

90° 96.] ! 1. ~ 8'/.J ! Z-.2 39.9 ::. 4 .1 

75° 98.6 :!: 1.4 87 .3! 2.1 37.'/! 4.0 

60° 99 .] .:!: 2.] 92.2 ::. 2.t. 39 .] : 5 .7 

50° 99 . 0 :!: 1.9 91.2 ! 2.7 54.5! 4.7 

50° n .::~ ::. 1.e 97 .4! 2.5 2l.o :!: 4 .7 

40° 95.4 ! 2.7 6].9 :!: 4 .0 2J.J ! ::; .o 
40° 95.5 ! 2.4 73.9 ! 4.0 ]2.4 ::. 5.1 

jOo 44.6 ~ 2 .] 25.4:!: ].6 1.8 :!: 4.2 
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'I 

'rhe content 

LMN crystal 

values are 

I 

Before 
irradiation 

After 
irradiation 

The accuracy of n 



a t together 
s a !'unction 
nits/. 

tleam 

35g/cm2) Intensity 

100 

4.7 122 

1~ 4 

294 

5&9 

:J.at together 
s func tio:1 of 
Jf size 

DT 

f0 .1 7 7. 6 

IY . 9 + 4 . 1 -
i7 . '{ !. 4.0 

.9 . ] .;- 5.7 -
4. ? !. 4.7 

1 . o + 4.7 -
] . J :! ) . 0 

2. 4 + 5.1 -
1 q • '-' + 4 o2 -

Table 7 

'l'he content of crystali ne wat er and of' hydrov _n in 

LMN crystal bef or e and after irradiation. Theoretical 

values are 28.)08 4 % of H20 and ).1677 ~ of H • 

Internal Par t Surf ace 

H20 % H % HO % 2 
H 9~ 

Before 29 o95 )o]2 34. ~8 ) . 84 irradiation 

After 25o04 2.78 ]1.81 ] o54 irradiation 

The accuracy of measurement is equal to 0.1 % • 

f5 



F'ig . l Hig h pressure mould fo r DT fabric ation, 1-s teel c a r cass 
d es ig ned for a hig h s tatic pressure , 2 ,3 -co n e rnci trix a nd two 
punc h es made of h a rdened s teel, 4-buffe r s tra n s miting the 
pressure from the exte rnal press to the mi x ture pressed (5), 
6 , 7-s teel pi s to n s fo r c ing o ut the con e matri x a nd fa bricated 
samples, r esp ectively . 

!6 

1-

\ 



'"' ') ... (!) 
5_<1>~3~ 

"0 3 ~· () w @ =: ;J, ~ 
0" (ll :l X () 

~· ~ (JU Ill ~ 
~o.s:a.(/l 
~u;-<ll~ 

:;--' ~ 

• I -• I .. 

A 

F'i g . 2 Experimental arrangement, S-synchrocycl o tron, A,R-scinl.ilJa
t i on counter t e l escope s , M

1 
,M?-monitors, c

1
, c

2
-triple 

coinc idenc: c ircui ts:. , c
3
,c 

11
=ct oUblc coincidPnce c1rcuits , 

DI.r-<:lclay line . , s
1
,s

2
- sca!ers. 

. ...... I'" 
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N 

N 

CH2 
goo 

N 

1 

LMN 90° 

or 90° 

---
--

1 

~
., --. 

--- -~ .... 

3 

O' I I I I I xo 0 ~ I I I I. I I I I I I I (0 0 t I I I I I I I I I I I I I I xo 
-2 0 2 -6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 

Fig. 3 . The dependence of the counting rates f 1 ( 90°. x l (curve 1), 
1

2
(90°,x) (curve 2) and 1

1
(90 °,x)- !

2
(90°,x) (curve 3) 

on the angle x • The coordinate system with x
0 

= 0 is used. 

.? 4'00~ CH2 75° 

600 

N 
LMN 

500 



-·--. 

O' 1 ·I • 1 x"Ot':: l ,'l'j'~~~o o1 • 1 · 1 • 1 • I • 1 • 1 · 1x" 
-2 0 2 -6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 

-.;.,_ 40 

'----.--l 

Fig. 3 . The dependence of the counting rates f 
1 

( 90°, x l (curve 1), 

f 2(90°,x) (curve 2) and r,( 90°,x) - f2(90°,x) (curve 3) 
on the angle x • The coor dinate system with x

0 
= 0 is used .• 

N 
.7<00~ CH2 75° 

• 

2400 

fBOOl 

i ~ JOJ I \ 
N l DT 75° - I (_ ... 

f?n 

~ 
6QOL I ,- I - .,. I~ 

0 I I I I I .~ I I X •
0 

O' I I I I I I xo 0 '--'---'----t-----L- ...J..____j_-
3 2 0 f 2 3 -2 - 1 0 2 3 -2 -1 6 1 2 3 

F ig . 1 . The dependence of the counting rates r, ( 75°, xl (curve 1), 
f

2
( 7:i

0
,x) (curve 2)cmd f 1 (75 ,xl- f2(75~x) (curve 3) onx(x

0

z0) 
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