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. · Introduction . · 

Forthe last decades a class ormicle1 track solid state detectors 
(NSSTD) has beim considerably widened and nuclear photographic. emulsions 
are now or less "importance as,-!or example, ten years ago. However, there 
is' a ni.nnberof. problems the, solution or which. requires photographic mate'- ' 
rials still remaining as a unique, device. Such problems include the 
search o! superhe~vy_ elements (SHE) in.cosrnic irradiation. To solve this 
problem, ·a.s.B6gomolov (1975) proposed the .method. for grain ·counting 
over -track cros·s.:section for)1eavy relativistic nuclei in diluted photo

•. graphic emulsion. The _ vai1d1ty !or · track interpretation· in the abOve 
method -is deterniiiied bi the level oLthe evolu!ion !or a theoretical des-
criptionof the processes !or forming track parameters to -be measured . 

1
1 among other factors. · . · -· · · ·. · ·' · -. ·. · ~ 

•I , , , , . - - - .,. 

·1 . In the. present' paper . we · consider the . experiment. on heavy nuclei .· 
1\·. .. . ·identification by the method of grain ·counting in phot?graphic emulsions. 

I 
~ ··.·. · exposed on board a space ship/ as ·earli as 1974. Since the moment or 

: _ .. ·~ c~y~ out the e:x:Periment •. :the theory or detection has. undergone a 
~ . . considerable evolution, and in the present paper based on this experiment 
. i ' 1t is traced how the theory evolution 1n!luences its 'interpretation. ' 

t · \ The proposed. consideration or the experiment is alreaey the third 
. ·one' on the gro. und .. () f the ·new theoretical. ap·p-~ac.h ·. (Ditlov V • •. 1980) •. The 

t first one was made in 1975 (BOgomolov c.s., :1975),-the second one in 1976 
:I' (Bogomolo:y c.s., Ditlov V~A. ~- 1978). At the end or the~paper to be cons!-
, dered the~ results ·L !or.·- counting -are proposed and discussed_ !or further 

~ 

I 
\ ·_. 

eXperimentS. ori heavy and superheavy nuclei 1de_l1t1!1cation. . . . ' 

' ·._-

llethodology ot the experiment (BogoiDolov c.s., 1975) 

By means o! a _microscope we count . the number or developed grains in · 
two rect8ngul.ar long parallelepipeds-bars located parallel to the track 
axis at the same. distances !rOm 1 L<see Figs .1 and 3). · · • 

' '\ 



0 / 

I o o o' <> o o. /,/ 
.o 1 o I· olo- 0 

0 0 
0 

00 0 00 0000 0000 
0 0 0 0 0 00 0 

0 0 0 ' 0 0 0 0 .......... ·-~----· 
ooo oo o ooo o o ooo o o'O oo 'o oo o. o '- 1 

oo oo o o o o o o oo o oo oo o o oo oo ........ ,... . !». 7 J.Jm 
0 0 00 0 0 0 00 00 ... 

0 0 0 o- 00. 0 0 00 0 0 0 0 0 _--:-: i"t :···_--·· 
0 0 0 0 0 0 0 0 . -"" ' . -. ' .. 

0 0 

0,- "" 

0 0 0 0 0 . 

!O 
0 

o IO o 
oolo 

0 
· ol o 

0 

0- 0 ;-.·· ~ --

: ;, hg.'1.-. Geometry of' the method for grain -COllilting in 
. I ., .. , .. ' - . , ·. ,· ...... _ ·. . ' .. , . . . . -

. emulsions, type H2x8. ·Grain collilting was' done-~ squares located 
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.. Fig.2. Family of straight 11nes at which lt tak~s-place 
<1 - e-_t;>. -":-0.1-for-a ·distan-ce-set from the .trackaxi~. ·-. - ,· - .•.. 

," ·" -- points of four tracks necessary to be identlfica~ed in 
diluted-emul?ion R2x8·. ·· · · ,: . · · ,. ;·_ ,. : -,. . , . 

• .- • 0- I ~ .. ~ ,._ · ,• , , < ~,· - ~·' 1 

. . '. ·-' . . . ' )•• ,_ . '".--·. _-: ,. . . . . . . .. ,. . 
To study· t:tie. possibility for application· of . this procedure for 

'nuclei identification, .. tile' exp~r11iie,l}t I, ~ipg; extra:_a tniospheri( exposures 
was carried out CBog~molov c.s., 1975). To 'select: optimum· photographic 

\' 
2 
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materials and their dilutions, labOratory samples or layers, types RK; 
RKx4, 'RKx6, 1 RKx8, RKx32, R, Hx4, .. <Rx32, and theri the-same series with 
original -emulsions; . types _ M ·and LD, were prepared. ·-/Numerals mean the 
de~ee o! emulsion dilution!. The thickness. of photographic layers, 
se:des R and M, wa8 400 ,im, and series RK and 1D - 200 IJ(Il, and the format 
9x12 cm2

• The characteristics for orlg1na1 emulsions- are given in Table 1. 

Table· 1 • Characteristics of or1i1flal ·non:..diluted- emulsions 
/ \ - '· ... 

Type of Mean diameters of 
emulsion microcrystals, 

'i· 

RK 
·.R· 

M 

/ 

IJ(Il 

' -0.14 
0.10 / 

Density of tracks 
--for relativistic 
. electron, · 
·-·Grains/1 OOpm··· 

'\ 40 .. 
·45' 
32 

/ 

\ .-:. 

· Thirty layers of ·the: above types were 1rradia~ed on . board . a space 
ship, series_ "Soyuz". The results ior the obsenat'ion of developed. !_ayers 

-on a•microscope were provided by __ the.ionow1ng.conclusions: 
. .;..1 : Ultra-:.fine grain nuclear emulsions are 1 not vecy suitable for the 

. given purpose, ·as fine developed grains are semi-transparent -and· their 
collilt1rig is exhaust1Titi .. · -· · . ·:.• .~ . . . o . -. · · · • ·.. . · ·- ·• ·_ •_· 1 

. 2. Coarse· grain>emulsioris, especially With sfrong,expoEmres,. result' 
in a large inner light d1fftision~IMk1rig the observation difficult. . 

3. Non.3.diluted emulsions show very strong d1ffusionin'the particular 
experiment (overirradiation). · - · : 
· 4. Dilutions, types x16 and x32, are to'o high~ .. _ 

5. DilutionS, type Rx8, are-. to be coris1dered as optlmum photolayers 
to study multicharged relatltlstic particles by the method. for grain 
couritlng iTI ,areas parallel to the nucleus path. . · ···- · 

In the layer of emulsion Rx8 four traces 'of particles were . 
detected; their belonging to. an iron group being the most probable. More 
dense t:races were not· observed, and less dense layers were not su1tab.le 
to carry out the given experiment procedure~ . . 
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~eo. on the supposed traces or iron nuclei, an optimum procedure 
for grain counting was chosen- from the pOint of view or 'information 
capacity. It is characterized by .geometry-shown in-Fig.1. A square 
eyepiece grid was set- so that the particle trace axis was. at all equal 
distance ·:rroin the.horizontal_ sides otthe squares. The !grains in squares 
where the :trace- passed 'were not subjected:to coimting •. All grains· located . 
in adjacent squares on both-sides from the central ones were ·counted. The 
grid cell stze -was 5.7x5.7 IJ)ll2 • The observation-depth was selected as 5.0 

- .,.J - • -· 
/All which correspond? to, 5. 7 -/All- of an undevf.;lloped layer _accounting for 
shrinkage. Grain countiTig in. squares more remote' from the _nucleus path 
was- not done- due to prevalence of background in.-.tllem. The results' for 
_grain cqunting i_n four· selected traces: are given in: Table 2. The numbers 
of grains N in measured. trace segme_nts -- . ~- N evaluated per foo /All relate 
to trace "bars" shown-in Fig.3. · -

Table 2. Results !or rain counting in tracks ..:~ 
· for nuclei o -iron group _ - - -

1 

2 

3 

4 

. Horizontal · Vertical 
projection projection -

!of- measured of measured .. 
- segment 1 /All segment 1 /All 

- - ·.. h . . - ·- v ; 

Theoretical ihterpretation ofthe resUlts tor uairis counting 
- _. . . , , . . . . -- I . 

- \ 

The following. approximate approa_yh' was use~ - in - the'_: first 
interpreta~ion' (Bogomolqv: c.s~. 1975)~-For distances _from the track-axis· 
less than one' tenth _of thecomplete range R(W) of delta-electron with 
initial energy -W, it wa; sup'posed that it was movmg along the strafght 
line and the number of microcrystals N. hav:lilg obtained the ability for
development at the initial· rectilinear~ section of it; path, leiigth P; ·is. 

. ' 

4-

I 

l· 
J 

-~·-, 

'i 

1 
.i 

given by_ the-expression: 
N =: No' .• 91(~); s = R(w) -- p • -c (1) 

Here No 1s the number or microcrystals per path un1t, -~(s) the 
· pro~bl.li ty !or a microcrystal to obtain deveiopab1li ty after 'pass:I.ng 811 

electron with residual range s through 1t wli:lch for a one-hit IOOdel was 
written as follows: -- - . . 

_··'/)(S):: 1 _:.... e-~(S); ~(B)= Wr.-~,(2) 
- - r 

~h~re w is the frequency _of effec·uve ~ionization acts made by 811 electron 
in rei;tivistic ionization minimum, t.E(s) effective • energy losses of 

·electrons in~a inicrocrystalo t.E e-ffective ·electron energy losses 1n 
- ·. . : . . . - . ! .. r . . ·, ·: ' .. , . -

relativistic minimum. , , _. _ .. · __ . · __ .__ _. _ . . ______ - . . .. 
. . For distances_ larger than o, 1 of the. delta~electron range, an --· 

. approx.lmlite calculation for multiple. scatter:l.ng due to which thetr paths 
are.· aecidentai, curves was made '(Bogomolov C.S., 1975). For this purpose . 
the-_!unction for photographic.effect dlstribution over·tlie electron range ~-

. projection ui>on its initial movement direction' found rrooi the experiment . 
·~as used. - · · · · · · · \ · 

> • -··.. The. repeated interpretation ol this experiment was made in 1 'JT6 
. (Bogomoiov c.s.~{ Ditlov:V .A.,· ·1977) " Thereby,_ the probability ..:for 
emulsion grnln developnent at some potilt T was ·supposed to be equal·_ to 
the integral over .s~electrons spectrum from the protab1l1ty for obtain1Jlg, 

. - . -· - \ - ' 

developab1lity by ·a-. grain _after passing a separate .s-electron with 
. . - - . . . r , • 

residual range s throughit:. _ 

. I -

: .__ . w~ -~ R(w) - 2n __ _. . 

. P( T) = na~J · ·d~ dwf:~ (S)dsf !( r, V:s)d v:\ (3) 
u 0 0 

.. I 

. Here ~f ( r-: v-;8) 1~ the dif!erentiai !unction !or an eleetron .now 
along the sJ)atial coordinate r. residual- :run s 'Srid over the directioris 
of electrons !OOvement · :v+ ; 
~dw describes the energetic spectrun of' emitted &-electrons; 
a~ _is the radiUs oi an Undeveloped ,emulsion,microcrystal. 

. . . - "' , ' ~ 
.,-. 
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The· 1rmer double 1ntegral was !o1md by the· Spencer method ·(Spencer: 
L.V., 1955, Jerisen M; et al., .1976, .Jacobson-1., 1973). However, the 
solution· oCorily a nat task was\ised with _electron ·irradiation or a 100 · 
keV energy perpen~icular to, the source pl~e; . q>(S) )s ·the !unction 
described~by ,formula (2 l. The resuits tor the second 1nterpretat1on are 
presented in co.lUJDiis 5-6 o{Table 3. · · ····. ·. -~ .· . . · 

In spite or. some s1mpl1!ication of the task such as. negrect1ilg the · 
emissiim angle dependence on . the _1n1tial: energy or ¢~electron, this 
theoretical: 1nterpretation . or. the ~~er1mental results. . 1ncluded new 
pr1ncipal statements: For the first time the. sj>atial distribution of · 
dissil>ated energy<!or .a · o-electron now ·(Katz R. ··and Kobetich E.J., 
1%8·: Jacobson L •. et ai .• 1973; Jensen M; et al.,.1976f was no(used !or 

·the calculation'or···spadai•·local .. response :distributions iri -a track··· or 
- ' • . - . •. : • '. . •• '. : . • - . • ' ' • - - . , • • ' •• ' j' -. . • -. ' • . ~. ' 

multi-charged nuclei, and the probability !or. emulsion gra1n development 
at SOJne potilt; T 'was supposed to be:· equal to".'the' :IIitegral over the 

~ ' . • . . . . . - ' . ' . !' :. ; c - - -.. • ' ' - • '. ·:· • ' ' •• • • .. ..:.. '. • ,' ' • : - .' • • • '' • • • 

o-electron spectrum !rom the probability· !or obtaining developab11i ty by 
a _gra1n when 'a· separate i-electron passes throUgh tt· .• As :shoWn 1n our .: 
work'(Ditlovv:A.-_1980;', this SUPp<)S1tlon.isvaiid rorj!mall densities or .. ~ .·.· 

. a o.:.electron flow'. In the . CaSe o!.:.)ype' R .·nuclear emulsion . the.. space , 
distripution ·~r iocal respenses is described by· the • expression :· · · 

- . "' -. . ' - -.. ~ - ' 
: 

. ' . } ~(S) , 

' ~/ - e ·. > ·""'.' 

+' -=-+ ; 
P1Cr) .. -::= 

) 
(4) .. 

' . where : ',;. 
. ,_( . 

. .... ·. 
, W' • .. .·-R(w) · .·· 2n· <. · 

- ~(s) max dn; .. ·.·. <- ~(s)- . ·· ·, ··. · ·. · 
<1-e > = na~ J dW"dw f (1:-:e .. ) dsJ trr_,v-t,s) ~.·' 

· · ·u o ··· ,. __ o.. · 

" 

(5) ' 
. '· . . 

We adapted the Spencer method. !or.the reconstruction o{·spatial 
. . ' • . .k , ... . . ' ... c' ·. . . . 

distributions Or quanttties· <~;<sl .. e~~(sl>, which allows.-us to !1nd. 
Spatial local resP:>nse distributions ; p+ (.!").. . . ' . 

' . . . 1 . ·• . 
So, we can see J10W that equation (3) is the priva.te case or (4). 

rewritten !or the. small flow or cS-electrons when: 
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I 

.. 

·, . -:I; .. 
<1-e >6<<d. (6) 

· ·· Let us .check its feasibility 1n. relation to the exi)er~t to be 

done. :ror the considerect ennlsion, type R2x8, . the; calculated values or 
.. ave~ atOm' chai-ge. atom1c :we®tt' and -loDlzatibn- :pOtential: are .as 

follows: 

·-;:-z-= 5.521; · T= 11.002; .-u--~·131'.35 sB •. · ·· (7) 

· ':ror .the. Calculat6d value, ot elllllsion ·welgb.t density we obtaln · 
p=1 • 9W~3 • :ror.:: a ; c~ns~t . _nlu.~iplie:f -~· . i~ ·. ~t~~B~Q~ e~fess.i9J1 
(Brandt B.L. et al. ,1948) 1t· is possible to t1nd: : · . · 

; - \ ~ ~- - - • .r~ _\.. ·~': "4;5 . \... ~ 

··.-.·~ PL =zit: n r2 -~ c2 <Z*) 2 ~ 'o.014857 cz*>~ keVl~AD, 
. . .. 0 ....,o' . ' .. ·;.; . .. (8) ·. 

.dE/di ·= PL t(fl)/fJ2. i ..__· ~· (9) .. . ~ __ ., . . ·,·. 

.. 
/• / 

. -~With. the' help or (8) and (9) we rind out that the dlstance trom the 
· track axis· to ·the nearest bar .·.edBe .~ to 2.85 lAD can be overc<ime 1n 
·the exper1ment by cS-elecirons·w1th.energyJOOre tban 15 keV; To evaluate 
the cai,plete · nl.lllber or electrons . which· are .·able . to pass _through the 
Jitlcrocrystal s'urtace, na2

, iocated:~on the above bar. edge, .the tollowlng· 
• ' • • .. ,· ••• .• • c 0 . . .... , ~ ~ ' . . . 

equa~ion san be wr1tt~n: ' .. 

n 111 ¢ 

. : . . . ' 2 . J 

' *. 2 PL xa 1_·. 'J· 1. , . · . cz > o -. -· ·-· ·. -·-a w . . . .. 2 . 
'll2 

. . 2xp•o w · 

... · .. -5. c·z• 2 : '~ . 
AI 0.34 10. ·;~: , .. · 

. . 
' fl2 

,.. 
(10). . 

. " : As8\1111ng that: P!<PI1) · .. 1 th1B value:~1ncides'.w!tli iheJx>!e~ low 
exponent_ 1n the probability tor the one7h1 t , ~SJ>5>DS9 .JOOdeL (~~ tlov . 

.. V.;1980): . . 

.,] 
··. '-, 
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+ · -:-1; . · -5 <Z*) .·· 
n5.P

1
(pl1)= <1:-e >5 ~ 0._3410 -·--. 

. .. ' '·. : ' . . '. ' . - /32 : .. 

(11 ) _-

.·Thus, ror~nucletor the- lion ~up with~i ~-26 we obtain: 
- / ' - ·-- - .· . '.' .... --

'-I; 
<1-:-e >.s 

z•26 

0.23 10-2 ·. 

/32 j :_~ ,..; 

. (12) ' 

". ' \ 

:· Fio~ this ev'aJ.uation tor:~uciei'ort:h~·ifori ~;u{tt/follows that-~ 
condition <6> 1s; !ul.rilled oniy ror. relativistic velocities, and ror P ~ 

. 0;1 its value is already comparable to' unit . . . . . . ' . . . . . 

;::: •. -'-!; !l 

. ·. _:<1-e >8 ~ 0;.23. 
. ~" ~- -~ . 

\' ·~ '. -. ,_,. ---~.- . 

.. '; ,l 

rr ·we. ~consider . mOre. multi-::char~~- 'muclei, .. !or . example, the . 
transuran{ element. with z;114, theri we opt(.\in·rrom (9): 

·~... • i 

.. 

-·o.b44 
1' ;', . (13) ! ~ N. • 

' 
z"'114 .. '~ (. 

·.· 
_..,_ . :,· .:, - ::. :·. -~~-~-- - ~- ·.: j . ,·'-:..'-::~ ,· ,.'_.:; . ..... ~ •.. ;- .- ~- ·-

. - For the transurane nucleus the value is greater than: 0~23 already 
.. at p ~ 0.44 .. Generally speaking, !rom (11) ft is possible_ to find the 
. equation !or ~~raight line at which <1 ~e -I;> c5 = 0.1 arid ~hich divides the 

areas. or expans_ion applicability (4) ~(3): _ . - · - ·< 
·• ' - . ' -. . . 

· ·~ iJ . ..; o.oo583 z*. (14) ; 
/ 

In F1g.2 this dependence is shown by a straight line ·ror ·the 
·. . . . . . ( . . .. . . 

distance !rom the track axis p=2i86 IJIII. . The relative · increase or 
exPansion (3) on the:straight lihe itself isalready ,.:5 %. At·the point 
(Z,.p) over this straight lirie;inequalitytakes plac-e: · .. - .- ·· · 

.. " . . • I . •:' 

. ' -1; 
<1~e >i:<:0.1. (15) ., 

8 

.r 
j ·. 

I 

y. -
~-~. 

I 

,I 

·~·--

l 
·f 
't'( 
j 

-

\ 

! 

. Hence, in this area the use or /ai>Prox1mat1on (3) is acceptable and · 

, vice versa at the points JZ,p) lying Under the straight line tolerance 
(14) is considerable and exceeding 5 %.· . . .. · .. _ 

rr we neglect .the dependence or conditionlil probability p~·(p,lq=1) 
on the velocity 'or the' registered nucleus,- p, then !rom '(11) tor 
parameter 'pairs (N ,N } or·_ two dH!erent tracks <Z ,p ) aiid -(Z ,p ) one 

, . _, _ , ~-, . n • ·- •. , . · .,. . .., n n_, . · • a . can write : · 

. * -... . 2 
N · (·. Z -.. · p ;: ) · n n •... ·• • 

N ~ : z* --;: · • · 
·~-~~ ... ··~ 

(16) 

.··· ·:',. 

.. This relation is orten used (BogOJOOlov. C~S., Jgr5) not only 1ri 
grain 'count1Ilg but also during the measurement~or·op~ical-.densities D in 
track- cross:...sectlon (Jensen· y; et aL, 1gr6) ';In this· case, optical-

·. . ( ·, . . . . . . ~- .._ . 
densities D should be used instead or N • The. applicability area or 

~ ~ • --~ •• ' ' . ' ( • • > .• ' • ., 

· .. !onnula (16). coincides>with that or (3) but here p and p should be 

> rather close here ·111 oder, to ·rultili th~ condition ot P:(p:q=1) 
1Jidependerice or. velocity' p • . · .. · .. ·. · · .. -
. . ' As·-it"Was round---in -,the. paper or Bogo!OOlOV-~-C.s~· ;aDd DitlOV:: v_ ••. 

(igrn ror Z=26·arid P=r .in emtilsiol'l, tYPe R2xe, the:;calcuia.tEid N · .= 
' . . .• · . . .. • .._ . ~ ··. . ' . ' . . . ; . • . 26 

48.3 tor _the grain sum in two bars (F1g.1 ) ~-- The parameters ·ro:t registered 
nuclei (see Table 3, columns. 5 and_6) were obta:tfled ~ing a<~·; (16). Ii1 

. F1g.2 their values 'are· ~ked by symbols ".'\·As seen )rom the r1gure, 
these p01rits are loea~ed 'much higtter tb8n -~traight· line (14) !or 

\ !iv~-percEmf errors',c ronnula <t6 > : ror --~ ttiem d1as a good accuracy .. and 
integration ()! probabillties ·over ~he~ spectriun or' .s-elec.trons is right 

; (BOgemolov .c .s:, '1975). Possible interpretation mistakes are ·necessary to · 
. be connected only with a stJnpli_tled 'character or solving the . tasks !or 
, the .. theory ·or multiple scattermg: · when' integrat1Jig over energetic 
spectrun or .s-electrons in ~xpressions ror r8dial response distributions,-
the Spencer. ratio's !oun~. ~or the ·_task with a· ~lat electron source at -
E =300 keV emitted at: a right. angle· to its .surrace were used• . Our 

_,. 0 . - . ,. . .. . . "> • + . • - 1 

approach. (DJ tlov. V., ~ 1900) ·allows a 100re ~accurate interpretation to be 
given •. :::, / -~ . . ) .;, .. _, .. ·: _: . ~·. ·,.. . ' r / 
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_ --~-- ·_ :- Fig.3. s5~eme !or inte~tion (17)- over bar cross-section in 
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·- Estimation tor the dependence ot the · number · ot -develoPed : 
i> pins 1n two bars.on their distances to the-track ans: 

\ 

' 
According to F1g.3, ·the complete n•r o! developed grains :in two 

bars located equally !rom the track axis is describe(!' by the 1ritegral: 
) 

- · diZ P+dtz' · 

N(p) ·~ 4 n> Jctx J P;(p= Jxz+yz )dy . (17) -

_o p~dl?. 

For emulsions, series' type R2, the respOnSe probability. described 
by_ one:-h1 t . m6del1s glveri by expression -(4 ). FtgX gives the est !mated 
relaiionsh1Ps- (S), --calculated by __ a_ computer; !or- !oUr cross-sections ot 
the ,iron micleus track; Integral ( 17) was· calculated by the formula ot 
simpson_ parabolas. - --- · · - - : · _ · -. ·-

F1g.5 presents - the. estlmafed ,.dependences lnll{(p)] - tor_ eight 
''' : cross-sections ot' the trail\ nucleus track with' jr-0.177. 0.264, ''0.325, 

0.374, 0~415,- o.51, o.69and 0.87. -All Points <Z.~)-; 1 +·.s-ot these 
'cross-sections u'iabove ' the'' straight line tor tlve-:-percent ~rrors ot 
F1g.2, and so with equal ~ and- dltterent Z ·relation between minbers N 

! takes place at the same retOOteness' !rom _the track axis p :' 
,, - ,> • ~ • • ~ •v ·' •' ' ~ • 

"' 

_- __ /~~- -[_z; -·]2 . 
~-- -" 

nk . i z*- .. 
\.; :, ~-' ~' • k . . / 

\ (18) 
- ,~, 

. :With· the~_help ot this ·expression 1t :1s easy to ·cOme !rOm 
relation8h1ps M(p) tor the 1ron nUcleus (!'1g.4) to: analogous ones !or 
other nuclei above the straJ.8ht line ot .!lve-j>ercent 'errors (F1g.2). · . . - . . . 

. ··' .• ' - Ftg.4;- EStlmated _relat1onsh1~ -~1~e~ ~>6 calculated· by a . 
· ~c<lDPUter. tor. tour cross-sections · ot tlie ·1ron nucleus . track in·· 

· emlsion R2x8 · ·. · • 

• ~ ~. j 

·; 

II. 
\. 
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en N(.f) · 
FJ.i·.-5: ; . Estimated . dependence.s 

lnlN(p)J ·ror ~ :e1gh( cross:..sect1~ns 
'or the iron nucleus track in emulsion. 
R2x8' 

. ~--~ ·: . 
¥ _;1- ~ ,- .. 

,•,... . .. - .... 

.. -~- "'!' -'" : •. •. 

'. 
" ..... :~ .:·, ~·-

{ . . -\..."" 

... 

.. -~·· 

I 2. . .3 ~ 5 G.T.S 91011 12 l~i-o51G ll lgo~·.2021222~2q252GZ1l8293D31323~-3q 
' . - . '. ·, ~ .. '~ . . «. ·: · _ ;· ~- :· . ·. -~. number. of cell 

•'1 J- .: 

~ _...... . . . . . . . .. · . . . . - . ' >-': -~ . ' /> ~ ' • • _.. • . • 

.· _Relationships .N(p) (Fig.5).:ar:e·_estimated !or a large interval or 
values.ot the coord:triate·p,' but the. method--tor grain":count1ng has some' 
. .. • -- ·-~ ~ -· -· •. · ~, ·-~··'--"' t .·. , ___ .... ·.· ~ :' _.:~ .•. ·4 • _ _,,-.. :,'_ .·_-:.. 

limitations considerably narrow:J.ng the. working, range. So, it the,,number 
, -• _ • ~ -. .·: ;, . • : ._ ·•· · - • •• .: ·; · • . • , -.. - c, 2: ·,y , ::. . '•t ••. • .... • :''" .. :o•·: • o'..· ••· .. ·;. ,.,¥: / .. -
or d~yeloped grains :in meas~ed . pari) is:· N_; <!:_, 1.00, •. then . ~ 1t becomes. 

- .-. . • . . . I . . . ·. - . '. . ..... ·.· , ··•. . .·• , . "''' ' ' 
dH!icult to distingufsh grains from each other. ·If vice versa it is 
little and ·coinparable~to the contribution :N • them the difficulty for 
fog extraction appears.· L~tat1ons·.··rrom· the

09
top<·ar-e deteririiried by the -

possibilitles or· a device or--eyesight~. ;m(I a l:l!iutat1on 'from the :bottom .. 
is cormectedwith the properties of al1 emulsion layer< So; ·in· accordance 

. ~ . ' 

., 
.:}2 ,• 

" 

'· 

with TU-6, tor an l.Uldiluted emJ.sion or the type R2/ three fog gralnB are 
per1o Cm

3 of" the vollllle that is wlthin a tWo bar~3x3I200 ,a3 vo11111e wlth 
D0=49.9,.G:~ !or which Ntog:;;: 19.5. Bence, the World.ngrange:tor the method 
or counting 1ri this ei!Rllsion is 40+100 gra1ns, The reCalculation ot the 
tog or ei!Rllslon, type R2, •to the fog ot diluted enatlsion• tyPe R2x8,' tor -

'--wbJ.ch :no; 8~24 IA!l-
3 .gives Nro~ N 4 grainB d~te:rm1n1ng-a~w1der world.ng 

· range_!or the method or counting (20+100). · _ ·. / · 
. . ' ~-_·In F1g.S this 'range is shOwn. by two_ horizontal sbaded lines. As 

seen !rom the !lgtiie, the iron nucleuS wlth p::0.177 does· not make a _ . 
. contribution • to . the . second.. cell of . ~llEl' eyepiece grid located .. at a 
d~st~ce or 1~ .4 lAD ·rro#. the ~~ck axis:;We, obtain · _N N Nrou .tor this 
cell.with relativistic nucleus velocities~~ 0.86 close to the. nearest 
border. Of' the WOrking range, This ve:cy Case WaS/ Observed !or all !our 
detected tracks o{ iron group nuclei. InF1g.6 the !am1ly ot curves !or 

' relationship N(M .at the poirit 1>~~1: ,An,is giveri tor a set or nucletwtth 
. . ·' .· . . . . . . . . . . . ·. I 

z •. changing from io. to 30, tor. the !1rst cell wi~h p=3 lAD· Relativistic 
nuclei_ with z~1 0. give. Jf smaller tban a low ~rder. or .. the working' interval 

.and with z <!: 30 alreSdY near' the top,' If one.of the ~ter8 z or ~ is 
)mown !or .the nucleuS to be studied, theil !rom F1g.6 another parameter ~ 

_.· _, ____ ~ :·~ .. ~ -··~· ',-,-~ . -

·or z can be eas1ly !ol.Uld, for the measllred number or gra1DB N~: 
7

• But 1f 
· . both j>arameters are unknown; then the measured. value or N

5
• 
7 

· ilak~~ 1t 
· only possible to plot a curve tor the dependence ot possible values or 
· the ·nucleuS z on possible >values_ or' '7eloc1ty ~·.- In Fig. 7 such four 

d_ependences are presented_ !or. the measured values of N(p) (see Table 3, 
. ·_column 2). These CUrves are easily obtained . by· reciuculating the 
; es-tinlated' results iJl Figs.5 and _6. Already !rom the' generiu character ot 
:the above dependences Jt is J)ossible to draw. conclusioris resulting in a 

decrease or. the range or J)ossiole .values of z arid.~. Fir8tly, . in the 
s.econd .Cell Of ·the ,_eyepiece grid all' !our . tracks. had' a small niJnber ot 
grains at. the level or background.' Accordiilg to Ftg.5 1t ·can be. observed, 

. elther with~ s 0.1'rT·.or wlth ~ ~-0.8~ Iron ·nuclei with~ ~ 0.177 have a 
~r8nge; R=282 ·.lAD .in ··an ei!Rllsion . or- the· type R2x8 ·while the -tracks r1n 
emulsion ·were much larger in length exceeding layer- sizes. Bence, the 
observed tracks are ·formed by retat1vistic nuclei, 'and the version Wlth ~ 
~.0.177is taken~away~ But 1n this case: (see F1g.7), the UJ)per11m1t' is z 

. =30 !or tracks Jl•t and Jl 4; and· Z:;;: 26-fo:t' Jl 2~ and Z=23. for Jl 3. It 
tracks J& 1 and J 4. are related to the iron nucleus, tben r:ro,n F1g.7 1t 

· . - '" r ' I 

' ~---
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. F1g.6. Family ot curves tor 'Jhe calculated filllctions N(p) tor 
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is possible :to:_ obtain p.-=0.845. and p =0.855, respectively. At a velocity 
.. . . : ·1. • 4 . . . .. ' . . .. . 

~lose .to thes~.values. tor tracks'J& 2 and. J& 3 Z=22, P
2
=0.86 and Z

3
=20; 

p=Q.845 •. 'rhu~.. the . new . interpretation . based on a. more . accurate 
consideration o! the task dHters !rom the !1rst ·one · (Bo~molov c.s., 
19'15) by the Jact that•1t ~ves a lager.' discrepancy 1n':the values o! ·Z ··. 
arid a smaller·one ~·- 1n p, Besides·.··the new·lilterpretation shows thlit the . 
values !or pairs (Z;p) :o! th~ !1rst iiJterpretation are impossible as they. 
lie apart !rom th~ curves!or·possible values. (see F1g.7)~. 
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Table 3. 

Do! ·Number of Interpretation of nuclei tracks_ _, ' 

tracks grains' 
., per 100/.d)l . " 1975 .. 1976 . •. 1991 

.< .Z p z p' z p 
/ .. 

1 77.6 . 26 .0.70 26 .0.78 26 0.84 
. 2 52.5 .• 26- 0.86 . 26" 0.96 22 ' 0.86 .-. 

3 44.2 26-- 0.93 \25 0.96 20' ' ' 0.84 
4 . 75.8 ··. 26. 0.70 26 _.,. "0.79 26 0.85 

/ 

·, 
The increase o! atomic number !or ·the working range of registered : . 

nuclei :t6r values' or p will be shHted io large values ·and widened~ F1g.8 
.· ·.. I .. · . ·. . ; . , . , . ,·. ,,./ 

presents, the calculated· results·. of- relationship }{ {p) ·.!or SHE (Z=:114) !or . ·· 
velocities and energies given in Table 4. 

. Table 4. 
; ' ~ 

I 

j E MeV/micl 

I <IO. 

2' · c120 
3 ,, 230 
4 ··_ 340 

5 450 
.6 560 
7 670 
8 780· 
9 ·,890 

~-----

10 1000, 

dE/dR keV/J.Illl 

1~106.2 

9550.39 

4798.57 
4388~74 ,,· 

. ·.3919.06 

3919.87 
. 3779~06- " -

--_, 

The working range seen, 1Ii F~.8, .. is about 200 . ceils for this 
nucleus and changes from 22.8 J.flll to. 140 IJIII. Hence, the method-for grain 
counting as related to SHE i~- more informative than for iron liroupnuclei . 

, and makes it possible. to ·determine- s1mul taneously z ~d p from the radial 
,distribution of a separate track cross-:-section. Relationships N(p) are 
shown ln. F1g;8 on a natural 'scale :rortheworklng ranges 10 'S N<in s 100 

' . -· I \ '- ~ . . . , - . - l - . . ..... 
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Fig.8. Dependence N(p) tor 
1 0 cross-sections or :the tracks . 
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SHE with Z =114 and E ::: 1 GeV In 

i . 
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.• 

,. 

Z:==../.14 
A::: 298 

~ : . ' 

\'.·• 
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. 79.8 1.%,8 153,3 
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and 22.8 !All s p s 150 !All· SHE Z=114 with energy ~10 MeV/nucl rorms N(p) · 
outside these.ranges in accord.ailce with which the·curve !or cross-section 
If 1is absent in this !tgure. Symbols "·" show the cal~uiated results or 
N(p) .tor SHE- Z=110 ·tor three .values or energy: ~12o: 230 and 340. 
MeV /nucl. · Vertical lines show d1!!erent ·values- o! N (p f !or Z=114. and · 
Z=110 which can reach a. value or 5 within a distance range-or 35:...55 !All· 
At large distances p SHE with Z=110. and Z=144 become practically 

' .· ,· ' . ' - . -: ~ - \. ; . . 

indistlnguishable. The resolution or the .grain counting method tor these 
' . . '. . J '. . . ·::-

nuclei decreases with increasing their velocity. . · - · · . . .' .. - . - . " 

\-
·conclusions 

/ 

Amore accurate COilSideration O! !our relatlvist1c tracks !or1ron 
group nuclei shows that. the discrepancy in velocities! or !our registered 

. . - . .. ··. . . . . I . . .· . .. . . , 

nuclei appears to be lower than in the .previous·evaluations. At the same · 
t1me the high discrepancy 1n z 1s obtained.· · · 

·.' ,." . ' 

The method o!. gra~ count1ng haS gOOd. possiblli t1es . tor searching 'a 
heavy\ component_ or the.cosm1c 1rradiat1on· spectrnn'. _; .· · 

The working ranges or distances rrom track axis tor :heavy 
relativistic nuclei includtilg SHE are de_teiinlned. · · . ,/ 

~ ' . ' -- . ' . . . - . -
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