


Rt INTRODUCTION et

‘ The sub_]ect matter in th1s paper are stud1es of the. mechamsms and charac- :
terlstrcs of total dlsmtegratron of heavy nuclei caused by the 1mpact of fast had-
rons and’ ‘nuclei. The intrinsic interest in understandmg the processes mvolved and
1mportance of ‘the expected’ results have a bearing on ‘the 1ntcrpretat1on of many
pheriomena’met in’ particle phys1cs, in new" generat1on of nuclear energetrcs and
in ecology. The phenomena which may be revealed ‘in 1nvest1gat1ng the  disin-
tegration mechanism are important for working out the methods of an appllcatron'
of a single massive target nucleus as subnuclear detector in hrgh energy physrcs
-as well .- . % SRR tic G pem i e e {
It is desrrable to d1scover a: mamfestatlon of some laws wh1ch may govem\ :
inside target nuclei within the extremely small volumes (10 15 m) acting 'during
t1me 1ntervals of the order of 10 . —10 : T fe el

- 2 THE DISINTEGRATION OF ATOMIC NUCLEI
BY FAST HADRONS -AND NUCLEI i

The drs1ntegrat1on of complex nuclel, produced by the 1mpact of fast hadronsf ;
and nucle1 — of fast protons ‘and other partrcles €.g. was studied wrdely durrng_.. ‘
' many years [1——3] The mechamsm of this. process 1s revealed expenmenta]]y,}
[3—6] The drsmtegratron started in the collrsron appears as a complrcated nuclear“

three stages whrch last together about 107 10 s after thc lmpact At the first

‘stage, which' lasts about 10 10 2? s, the target nucleus is locally. damaged and
fast nucleons with kinetic energles = (20—500) MeV arc densely emitted. .At the
second ‘stage, lasting about 10722107195, the” damaged and unstable- resrdual‘

target nucleus uses to evaporate lrght fragments — mamly nucleons, deuterons
tritons, oc-pamcles At the final stage — at about 10 s and probably more, when 4
nucleons were emitted and l1ght fragmcnts were evaporated — the f1nally dama-
ged target nucléus uses to’ decay into’ heavrer nuclear fragments, some of them
may be stable or they will decay" into smaller parts. A
.. In the light of the above presented mechanism of the' dlsmtegratlon process'
~ the two stages should be clearly distinguished — the flrst one, as the «fast stage», .
lasting about 1072 10 s and the’ second or the «slow stage», 1ncludmg in fact .
the nuclear reaction in the damaged target nucléis “— as the intranuclear process -
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startmg when the 1ncom1ng hadromc or nuclear prOJectlle and its successors are
having left the damaged target nucleus —= at about 107%% s after the impact and
lasting dunng about 1072 up to 107"® or more seconds. - .

Exactly, the destructlon of the target nucleus by an energetic. projectile lasts - -
w1th1n the first stage only — during about 10™ 2410722, s. In this nuclear reaction

[4] initiated by hadronic or nuclear projectile, the struck nucleus is damaged lo-
cally — the cylindrical volume inside the target nucleus with the radius R ‘around

~ the prO_]CCtlle course is mvolved in the colllsron R D is'the strong 1nteractton
range ‘which is approxrmately as large as’ the nucleon d1ameter D0 1s After thls

time mterval the pro_;ectlle and/or its successors are passmg through the target
nucleus and all the’ nucleons mvolved in the COlllSlOn (contamed Wwithin the Jocal

. volume) are emitted — as the so called fast nucleons with energtes of about 20

‘ up to about 500 MeV [7, 8]
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2 Phystcal Baszs for the Experzmentally Revealed |
,_:f’: dead Dtsmtegratton Mechamsm *
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The phystcal phenomena revealed experlmentally in‘our early works are basr~ »

" cal for understandmg the observed plcture and characterlsttcs of the disintegration
of nuclei produced by'the’ 1mpact of the fast hadrons (protons and pions, e. g.)-and
nuclei. These phenomena‘are: 1) The observed. passage of hadrons through layers
of mtranuclear matter — discovered in our experiments [8], studied i in detail and

 described - in our earlier works [9—14] 2 ‘The observed hadron generatlon in..

hadron nucleon collisions’ goes through some mtermedlate obJects whlch dec"y
. after no'less. than ‘aboutr10™ 22 s; ‘it is 'the’ case when the parttcle generatton rs” rri'
hadron- nucleus colllsrons as well [15—17]3 3) “The' outcome from a colllSlon of
two massrve nuclei is a composmon of some number of statrstlcally mdependent

outcomes in nucleon niucleus collisions at the same energy of the’ 1nc1den' nucleon

W1th the target nucleus at all the’ possible 1mpact parameters (1, 18]

‘Let ‘us sum up shortly our knowledge about the three above \mentloned
phenomena - i

“The’ Hadron Passage through Layers of Intranuclear Marter Very srmple re-'
latlon has’ been revealed experlmentally [9—14] The number nN, or mtenstt /

of the nucleons emltted from a target nucleus when a fast hadron collrded wtth 1t

deﬁends simply on the thlckness A of the mtranuclear matter layer invalved. i in the
collision. : . :

Quantltatrve relatlon 1s

where Ain nucleonjs/'S?S‘— TtD =10 fm?, D R 1is the strong interaction. range

D, is. the. d|ameter of the nucleon, = l/c 18 the hadron mean free path in

intranuclear matter in- nucleons/S o, is the hadron- nucleon total cross- sectlon in

S/nucleon This formula i is valid for the sample of the pure mcrdent ‘hadron pas-
sages through the target nucleus — when secondary mesons, which could be
produced do not appear; it is valid for the events with. hadron productton as well ‘
— as further mvestlgatlons showed [15,20]. ; . :

Formula (1) was tésted experimentally to be valtd for momenta of hadromc

,probes larger than about 2 GeV The hadron paSsage through mtranuclear matter

is a nuclear analogue of the electromagnetlc process — of the passage “of elect-

urlcally charged particle through layers of usual (atomtc) matter Thts phenomenon

has been revealed in our experlments and studted in detatl qualttattvely and quan-

-titatively as well- [10 12 13].

In analysing this phenomenon two methodrcal facts were of great lmportance
a) It is. possible. to estimate A in [nucleons/S] [21] of any of nuclel practlcally at
any. distance -from :its center usmg data-on’ the proton (and nucleons at all) drst-
ributions in them determmed by R. Hofstadter 17,22 23], in partlcular the max1-

mum thickness of any of the target nuclei may-be determined well enough using
“the ‘Hofstadter- data b).It.is possible in.the bubble chamber to determine; the fast
‘proton (nucleon) (20—500 MeV) intensity. or. multtpllc1ty distribution.in any sam-

ple of hadron-nucleus collisions. The high, nearly to. 100 e, reglstratron effrcrency

"of neutral pionsiin the chamber allows one to. select the events wrthout secondary

pions-— additionally::* : i : o S

In confronting:the- data on the thlcknesses of the mtranuclear matter layers at
any distance from the nuclei center of a nucleus wtth;correspondmg intensities of
the emitted ‘fast nucleons’in a collision; one-is in a‘position to:conclude about the
emission of the fast nucleons which the hadron passage through:intranuclear:mat-
ter is: accompamed by. Itis mostly obv1ous for the maximum’ and avarage thlck-

“nesses of the target nuclei. -,

The conclusions about  the’ mtensrty of the nucleon emission descrlbed by

’ formula (1), and about the:localized reglon of the hadron nucleus ColllSlOﬂS are
_ obtalned this way, in particular, =~~~ rLUUi T DU nirin e e

" The Particle Generatwn through’ Intermedlate Objects or «Generons» The‘
only tool avallable up to now to realize experlments in ‘which. the. mechanism of
the parttcle producmg process would be revealed is to apply single massive target
nucleus as a ﬁne “detector [15,16,24, 25 26] The partlcle producmg process ‘has
been studied by means of the 13lXe mtranuclear detector usmg the sample of_

events in ‘which partlcles (hadrons) were produced and the sample in whtch the'
hadrons were not produced. - N R o



-From such experimental mvestrgatlons we were in. the posmon to conclude
that :

ToIn hadron nucleus interactions, hadrons are produced via some “interme-
diate objects (we called them GENERONS) which decay after having left the pa-
rent nucleus (after more than about 10 s)

2. Indtcatzans were obtamed that parttcle productton m elementary hadron-
nucleon colltstons, in nucleon nucleon collisions in parttcular goes through such
objects as well. The objects decay tnto commonly observed resonances ‘and par-
ticles after liftime of about 107°° s;"in passing: through layers of tntranuclear
matter, generons behave themselves as ‘usual hadrons do it. Lo

3 The tntermedtate objects can produce new objects in collzstons wzth down—
stream nucleons in 1ntranuclear matter in ones turn, and thzs way an tntranuclear

cascade of the tntermedtate objects may ‘develop inside the parent nucleus In most 3

k cases this cascade is colinear with the incident hadron’ course. ~
‘The above-described mechanism of the particle productlon process ‘allows one

'to"derive formulas, for’ frequency distributions of ‘various quantities descrlbmg '

\ylelds from hadron-nucleus collisions in’ terms of frequency distributions: of cor-
. respondmg quantltles descrlblng yleIds from elementary hadron- nucleon colhsrons
[16 17.27,28]. These formulas were tested experimentally [28]. ot
“The “outéome from d collision of two massive nuclei is-a: composmon from
some number of statistically independent outcomes in nucleon-nucleus collisions at
the'same energy of the'incident nucleon with the target nucleus, atall the posstble
tmpact parameters:[1,18]; with appropriaté statistical weights.:. R
9 Thepicture’ of ‘the ‘nucléus-nucleus collision process and-the: mechamsm of the
nucleus nucleus collision processes were discussed in one of our:former works
![18], it‘has:been concluded that:~ A e e b
: Pl ‘head-on:collision of: two 1dent1cal massive enough nuclel at energy hlgh
enough:— over a:few. GéV/nucleon:in-the center of - their mass:coordln_ate system,
-the-nucleons:in-one, of the nuclei. pass through: the second nucleus., The. passage is
 thei general.phenomenon;;but it occurs rarely: in its.pure form. On'the background
“of it, the particle production occurs often in the nuclei colllsmns.,The productlon
goes through intermediate .objects:— the . GENERONS — created. first in 2 — 2
nucleon-nucleon- endeergic. collision reaction. In;the coordlnate system accepted
here, many generons may become to be at rest, and. use to. decay into, the usually
-observed «produced» -hadrons,, after, the, lifetime. of about 10 s In such confi-

/".1‘,

guration,simple:picture , appears:. Two: beams of the colhmated monoenergetlc :

-nucleons with energies practically: as. largeaas the, energies of the nucleons 1n the
rcollldmg nuclei,,in"GeV/nucleon, Wlll escape fromzthe collls10n reglon into oppo-
. site sides, From the center of the collls1on region: many generated hadrons will be
‘e_]ected through total 47’ SOlld angle, many ‘of the e_]ected hadrons ‘will be orga-
~ nized into Collimatéd Spuitts: of hadrons = jets;: The ‘fragments of : the: colliding
nuclei may not appear, both nuclei are totally disintegrated-into nucleons.. It hap-
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_some speclal case of the nucle1 d1s1ntegrat10n process — occurlng wrth pred1ctable'

pens due to the laws of fast nucleon emission 1nduced by a hadron in 1ts passage

'through layers of the 1ntranuclear matter —. any’ of nucleons 1nvolved in- the 1nter-
'actron with the mcldent hadron is em1tted from the target nucleus '

In the collls1ons of. 1dent1cal massive nuclel, the head on events can be s1mply .

dlstlngu1shed —as the colltsrons w1thout fragments of the colhdlng nuclel

It is not excluded that collls1on events without the 0ppos1te beams of nucleons

iappear the e_]ectlon of the generated partlcles from the center of the coll1s1on
‘reglon will be observed only ‘ )

_ The total d1s1ntegratlon of the target nucleusby hadromc or nuclear pro-
_;ectlles should be treated, in the context. of the results above wntten about as :

prob ablllty
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22 The Total Dzslntegratlons of Nuclet
by Fast Hadrons and Nuclet .

vlew of . varlous dlslntegratlon events observed long time. ago 1n photographlc”
emuls1ons [1] and may be in other track detectors and arrangements prompts such

’ tnczdent nucleus,\ ‘
‘nucleus-is also shattered

“Such total d1s1ntegratlon of the’ inci ent magnes1um "nucleus produced in
head-on collision with one of bromine- nucleus is shown on «Plate 16—-14» in the .

Jbook of Powell, Fowler and. Perkins [1], eg..

..The total d1s1ntegrat10n of the" coll1d1ng nuclei may happen only in, some
nucleus nucleus head-on’ colhs1ons the hadron nucleus collision’does not produce

‘the total’ d1s1ntegrat10n of ; any of heavy nuclel, llght nuclei’ ma be ‘dlslntegrated

totally by a s1ngle fast hadron

.. And.so, heavy nuclei, may, be totally d1smtegrated in: central 1mpact w1th other ‘

;nucleus of similar. mass number only, hght nucle1 formed of a few nucleons may .’
be totally d1s1ntegrated in. central 1mpact w1th a s1ngle hadron (p1on or nucleon or



other —e. g) Th1s conclusron 1s based on observatlons of approprlate colllslon
- évents’ [1] and ‘on the_ propert1es of the fundamental phenomenon — the hadron

passage through layers ‘of 1ntranuclear matter [8—14] It is’ worthwhile to take in:

‘mind - that any, hadron in- pass1ng through layers ‘of intranuclear matter |nteracts
' locally with the nucleons at the dlstances no longer ‘than’ the strong mteractlon
‘range is and causes the em1ss1on of all the nucleons mvolved — as the so- called
" «fast» nucleons, with kinetic energies from about 20 up to 500 MeV [19] As, the
" consequences of such a scenar10 one observes two coll1mated beams of nucleons
from the colliding nuclei i in their’ mass center systems ‘In’the head- -on colllslon the
'mult1pllc1ty of both of the’ observed opp0s1te ‘beams of nucleons is equal to cor-
’ respondlng ‘mass numbers of the colliding nuclei. At any | collision impact para-
meters (the distances between centers of the colliding nuclei) the multlpllcltles of
nucleons in the opposite beams are correspondlngly smaller. Usually, this pure
p1cture may be covered by the' accompaniment’ ‘of the beams of produced hadrons,
as well; this camuflage should be less effective at lower energies (at no more than
about a few GeV/nucleon) of the colliding nuclei. '
S Itis reasonable to expect in the light of the above mentloned phenomena that
- the collldmg nucle1 w1ll interact mostly per1pherally, as well — only per1pheral
© .groups of nucleons in them will be 1nvolved in the coll1s10n The main parts of
“the nucle1 ‘will be not sufﬁc1ently d1sturbed to be d1srupted and these nuclear
fragments emerging from the encounter will appear at the fast stage of the colllson
— lasting about 10~ —10 22 s — with the veloc1ty as such as of the mcommg

- nuclei (in. the1r center—of—mass system) the events of the total dlsmtegratlon will

‘oécur consequently with’ large regularity, with observable frequency, determmed
) by the nuclear sizes and collls10n 1mpact parameters
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