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ON NUCLEAR MATTER FLUCTUATION 

Do Blokhintsev 

In this article it is shown that the appearance of ener= 

getic fragments b;y the collision of fast nucleons with nuclei 

ma;y be considered a result of the collision of nucleon. with 

the fluctuation of nuclear mattero 

-Io Introduction 
Q::$~~=·~cm,o-~ 

During the process of the motion of nucleons within the 

nucleus short compact clusters of nuclei, 1n other words, the 

fluctuation of the density of a nucleus can a.riseo Being rela= 

tively removed from the other nucleons of a nucleus such clusters 

a.re atomic nuclei of lesser mass 1n the state·o:f fluctuational 

oompressiono 

Recently, while studying 675 MeV protons scattering on 

light nuclei, MoGo Mescheryakov and his collaborators found 

out the phenoment which confirm the existence o:f suah fluctuations, 

at an;y rate, for the s1mpliest pair fluctuations, lea.ding to 

the formation of the comptessed deutono 

According to this it is necessary to remind of the fact 

that in a series of the earlier works (J,4) the attention was 

paid to the formation of the :fragments with the energy higher 
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than the potential barier during the collisions (fision) of 

nuclei with energetic nucleons,:L.eo, fragments, the energy of 

the motion of which is considerably higher than that of bind­

ing as well as the ba.rier htight of a nucleono However, the 

absence of quantitative·data impeded the analysis of these phe-

nomenae 

Some authors groundlessly explained this interesting phe­

_nomenon at the expense of hypothetical long-range nuclear for­

ces, others connected it with the exist,ence of impair nuclear 

forces., 

The experimental data concering the emergence of the ~ner­

getio deuton out of light nuclei confirm the notim of the fact 

that the other ,fragments with the ene!gy higher the potential 

barier as well, are also formed as a result of direct· collision 

of a nucleon with a· close group of nucleons, which has appeared 

because of the fluctuation of the density of nucleuso 
v • 

Further, quantitative arguments for fluctuati~nal origin 

of energetic deutons and other fragments with energy higher than 

the potential barier are advancedo 

As far as the impair fordes are concerned, it is necessary 

to note~ that the.estimation of their magnitude does not give 

the ground to think that they are rather greater than pair for­

ces (5)o At the moment of close raprochement of nucleons inte­

raction by _pairs as well as collective interaction can o,e :tm­

portant o However, now there are no experimental data which 

should allow to throw light on all the details of this inte-

.. 
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raction, moreover 1 to determine relative con~~i~ution of in­

teraction by pairs and collective interactiono 

2o Energetic protoris-dnutro~s interaction ~~~~~~~-~~-~---~---------~------~ 
As it was shown by the experiments (1,2) on 675 MeV 

protons scattering on dautons; except of scattered nucleons, 

undestroyed deutons of high energy (about 660 MeV), though 

relatively few of themj are observedo That means that during. 
' 

those collisions a nucleon transferes a deuton an important 

part of its momentumo 
l.f' 

Accbrding to the idea of flictuation ~uch collision takes 
- ' ' -

place at the moment when both of the nucleons within a dnuton 

are at a short d·istance R one from another arid they interact 

very stronglyo 

In such a case it is possible for a riucleon to'·transfer 

its momentum to this close pair as a wholeo The expected cross 
- . 

section fnr such special collision will be: 

where is the full quasi-elastic col­

lision cross sectionp-and is the probabili-

ty· of the fa.ct that both 'Of the nucleons of a deuton are at the 

distance less than· Ro 
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According to the order of .the magnitude the distance R 

must be equal to the radius of nucleon strong interaction~ 

that 1a -2-3 ~ o 

· NC 
If we denote the deuton wave function by means of '1(d {Q.) 

·we shall have: 

R 

'vi d ( Q)" 4Tt: J 'Y!(r-) r-
2 d r- "' 

LJ T,:; . i. ?i 
"--3~ o/ (o) R 

0 
(2) 

In order to calculate wd (k,) 
it is necessary to know the dauton wave function near r = Oo 

i--'~ -tAtl. . 
. t n , , /~ ~l 

~. ·-ti';: The U!3Ual deuton. asympto:.bic function t'd, ~ \)t~ e ~- {pl. := 

~~~i-\O~oes not suit absolutely for this purpose, because it turns 

into infinity when r =· Oo 

The deuton wave function has no nodeso Therefore we may 

. approximate u-:;:. t lr'd 

the form 

the form 
ffl

.. dl 
of ~ ~ ,c-, 

. ~-r,·.. . 
U - t,J .to)[' (.b.- i -1 ~-fl., l=,~+.,,,·. 

for laTge r(s) in 

,and for small r(s)-1n 

a.nd interlock functions and derivatives in the region 
. 0 ! 
?~"b~fa .. 

'"I . 
8'f 

..,,. 

The quantity 2 ~ 
the meaning of a. logarithmic der1vativeo 

Th:ls gives us Y(o)- d~. B' · Vt: !t.. r 

has 

. ··. Using Hl\l ten funot:l.o~ the calculation leads to the same 

. re5u1 t ,f ~i~{.(:f P-Jf being 
L,__.!-~---... ,. . . ... ·- J 

greater o( several 

times a.coording to the assembly o:f' the known datao Not rating at 

r 
l 

! 
i 



the more than the order of the magnitude we shall put; 

(3) 

\vhere the quantity is considered determin-
' -

:lng the logarithmic derivat,!ive of the deuton wave funct;on, 

where. r = Oo 

From (2) and (J) we shall f:tnd: 

(4) 
. ' 

If we express R by means of the units 

+ = \I./ 
. .,f -~, ~·-. -~ \ I"'( 

\f,,~ ~ ,•..,,: CJJ.. 

then 

(4'} 

While the experimental meaning of this quantllty .i.s 

Therefores, which 1s 

quite reasonableo 

Let us note that neither the theory "pick up 11 ,.nor 
' s 
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impulse" appr.oxima·t1on are suitable for our caseo 
ft,;. 

Really, it 1~ ~upposed in both of these methods that the 

(incident) nucleon interacts either with one nucleon, or with 

two of them, but independentlyo In om.- case under the transfered 

momenta are so great that the whole of the process is taking 

place at the expense of very high harmonics of the deuton wa-
~ ..... ~ - 2..:: ~ ,' ~ ':~.:· ·•,;._. " ' ·~ 

ve function, io~o, at the expense of such states when both 
~<. :, : . ,; . ~·- "'. •. ' 

of the nucleons are near to each other and it is impossible 

to regard their collision with the third nucleon as taking 

· place independentlyo 

An estimation of the quantats W(R) for the other light 

nuclei 1s much more difficulto 

We may determine quite approximately that, for instance, 

for tritium the magnitude vlr (K) 
will be of t~e order W ! ( R.} . 
with the correction concerning the fact that the magnitude 

d-, 
times greater of. ' 

~-
•,-CCII :C 

/Here, c:. T 

for tritium will be 

1s the binding energy of tritium, ~-t.~ 

of deuton, rn-
' -~ a.nd VII' J 

ar~ tritium and deutron reduced masses with respect to one 

nucleon extracted from the nucleus/ .. 

This decrease of o:! expresses the 

fact that 

I •. 

I 



t:ri tium is a mo~e_ ~l~Sf~i!., b?.1:l4·~:~~t•'i~J.7Rr,!11,; tR:f}~,·,:f;.;9-!:1:t:-:..°f_1;<?,~.~ton • 

. By the sam~ way. CX He . will be ,J~~~--,~---
. · · . · . · V rr,d Ll " 

times greater for . +t2 C • 

Using the expression, \Vhich h~s been f ouri.-,d, for, ~J~ ( R) -~ -~. . . 

we will find vlr ev 2, t{),) , \tJ%e ~. 2 · IO" . . _ 
Thilse ma: value may be checked up experi_mentlajj:y later on., 

Jo The Estima_ti.on Of Fluctuations._ wit·h,in Nuclei 

Let the wave function iof the nuclear A ~t+.N 

where are proton 
. •'• ("' . ' ,,, ~ 

1 I \ coordinates and J ,, ~ :?._ i , • , are neutron 

coordinateso As it 1$ known, dens:tty l>perator, for ex~mple·, 

\- ... • .':. ; . -~ 

of protons will be equal to~ 

: .• ' . ·. ~ . ,., ... ' 

It is possible to int:roduoe the density operator of the 
~-: ... ~. ~·: '.' i)~ • ~4 • '.: f \) ' •~ ~-~ ~ ;,-l ._.: ~ ~ • 

second order by the sa.we way~ _. . ~ _ _ .. . , _ , . _ . 

· P ( i .; t ,: \ ~ _r, \~~y i ~ r~) :;gr~,;~· x.-;;).' ·~}_•:t :.: .!,__ .. .< f ) · · · 
.J . .. . ,: ~-~:£-· •; ''' . ·: . .. ,..!·.' ( ·-:;·>. •i) ,!·:, '· :J . .• . 



In .the general case the density operator of the a-order, 

· whe:z:e z-.protons and p-neutrons take part (a~~ +-tft-l.. 

be: 

), will 

( 

I (t) f (ti_) J $ /I, 7 ~,, X > ~ 1 ~ 1 ,., ,, ~ ; 

=I scx-x~s(x'-x1l, 8({'! ~") 
11,.-;J;. s :/;-, •· 

\ 

(lJ 

An average va1u·e of this density is equal to: 

1 (rtl) _ ( ~ (· · q (~-1 1 J · ) Jex/ 1: .. ~ 1 4\ f xl,,, -~ ) %d1-,di<1 ... ~~ r 8 

The e:x:a,otly ce.lctstlation ... of this integral demands the 

knowledge of the function 'fA , 

However, it is possible to estimate taking into _consi­

deration the -only ·fa.ct :that this integral must have the 

following form: 

J~c -- ---,--· ·· T~I) _ ·N\ ~c i _ (?.) •: ~ (ttt)) 
x , x , ,. " . ~ - r ·· u x ~x -.. X , ~ 1 t ~ -, ... ~ (g) 

I 

where D 1s the density :of the probability of the fact 

that protons ( z ) and neutrons ( n ) are at the points 

(X ;x',., ~(v11J) \ and the number M is equal to a number 

·of the d{fferent permutations of l)rotons and neutrons which 

should-be sui:tableto realize this configuaatimn 

·we ·are interested, in the case·,rhen relative coordinates 

I 
! 
! 

I 
t 
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o ese nuc eons ? i ) \ t ) , . 
are placed within small volume 

Introducing still the coordinate of:the cent:eil of gravity-

of this group and integrating·according to 

t t ~ 1n 
?'>tt,-, ~~..,\ 

and according to 

the volume 

in the nuclear volume, we X 
shall find~ 

where 

\~ 11 '( n 'L Cf) t ,~ ,} ? ~,/, \ .,..;1 ,}. .1 u.. . I'~ ~..,,. 1
" • t l 

'Wret1. :~11 ':'C: ') ::... [t ~ \ ~~' i ., ; ~\_1,c:,.~ JJ\. // 1✓r; t . at 01 .. \ ~I.//".. ~'~it j .· 
j . •, 

is the probability of appearance 'of the group we are inte-

rested in and which is squeezed within a small volume, .J2. 0 

This probability is close to the corresponding fluctua­

tion probability in a free, nuolelks with the atomic weight 
"~ -because only short distances'tare important o It 

. . 

gives an possibility to determine this probability basing t 

on the experiments on the collision o:f a nucleon with a free 

nucleuso (A)x/ 

. . 

:x:/LoSo Leksin and TI'oPo.i:umekin (6) ~a.de·an attempt to 
determine this probability for carbor (C) oy ·the ·c·ollision 

, (P,C) · . They did not find out energetic protons, scattered back­
'fmrds with ca.rborn, as a whole, within the limits of their 
experimento · 

Basing on the estimations made earlier for T and He 
we may suppose that the probability of the similar fluctuation 
for C is quite insignificant (worthless)o. 
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As far as the factor M 1s concerned for light nuclei it 

is equal to a number of (a series of) ways, by means of which 

it is possible to form the fragment, which we are interested in: 

in other words, the factor M is proportional, saying roughly, 

to z2
o 

And for those nuclei where the nuclear matter density is 

spread out like in a liquid drop, the number M will be 

equal to the number of fragments a~t""n.. , which are con-

tained within the nucleus, i.e_o, the number M is proportional 

to Zo In heavy nuclei it is necessary to take into consideration 

one more thing- the probability of the energetic fragment ~yield~ 

exit out of the nucleos Po 

Supposing :energetic fragments appear ~~1:se3 uniformly over 

the nuclear volume and move in the direction of the incident 

nucleon momentum with the free path.~rg~ 

. ' 
IJ ··--"'"' t~h:G-a (ti) 

·where 

_leus,. .and 
Y.lo is- the nucleon density 1n the nuc-

rt 0 o ~-~ i~ 0 21~ 
is the cross seotion of the fragment with the atomic weight a, 

it i_s not ha.J:'d to f_ind out that the fragrant yield probability 

out. of the nucleus will be equal to: 

·o ?>f't l (I.· \)0=11 ,- . ~ ~ . ~ -- ... ~ ·+ • .,,,,,.... .;,lo. ~~.-- l 
Y! l~ ~ _ .. ~ , rt'• ~ 

( ! =>) 



is the 

then 

where 

where 

Now taking into considereation all the multipliers 

ffa-ot·ors-), we will have for the cross sec~tion the fragment 

formation with the atomic weight a 

from the nucleus with the atomic weight A the following 

expression: 

and the yield$outcome of the fragm~nt during ane collision with 

the nucleus will be 

where is the nuclear total cross section. 

Specially for the deuton ( g ~?~ ) and :for light nuclei 
"::"1'1' 

and the number M will be equal 

to the number of ways which are suitable to form the dauton 
•, 

by means ·of the nuclear nucleons; protons and neutrons have 

a parallel spin in th~ deuton, · t·herefore We will get 
Ni . ('}> t: ,t;\f ' '> 
I.\ d' ~,·) --~~~·,' ~- .. ~~- ~ ... 'N i ~. -· 4 1~ .. -
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As a result of this we have for deutons 

) . ,._ , 2-N 
t \! ~-'- ~ -~"".....,......,..,..,. 

...... o z. a .2 (, 

G . \/\/ I ( fl) A C\,,., 
"!'.i ·. ·" 

.r ...,~, 
., i; ,1 

0/ 

from light nucleio 

In the case of heavy nuclei, taking into consideration 
ii\;"I · the nuclear forces saturation I 11 d =-I·-. Yt 

where n is the number of neutrons which are neighbouring 
• 

to protons and which have the opposite (counter) spino This 

number is '""" 6 o 

Therefore, for heavy nuclei 

t"n 2-Vtr 
L d = ~:~ \) A \ftlr:) ( Q.) 

. . 

The yield is almost constant in this case 

'1) 7 

a·~~\/-(·" y J - A . I\ d Q,1 

( 

~ 1 

.I. ' t :t 'o I 

,I\C-\) 'L _ _, ! 
J 

Using the formulae (16) and taking into account ~ons¼dexa.t-io:4 
,,c...- . '~- --)'> 

:,"'l -, /I") '"' ~,,. "'.I ,.,.} d ..,,.. ' V ~ 1_,;1 CJJ ~ 

we will get the fo~lowing 
. Q . . 

in 1i'11!'ifi" ,or)fi. t1,S 

The element 1~ Be 
I'..J, . 11-~- 2.,1 

As far as heavy nuclei 

'I ,,,. " ~ ~~ and \f' d \ .Q.. / 1~ ,7 , l 0 
' ' T :1QU.f'-V,.;,. (i . 

z) 

C o 
3!~ ~~ 

are concerned, according to 

that 



the expected deuton yield is: 

The obtained numbers are in satisfactory accordance 

with the results of the work (l),x)o 

The more convincing check-up .may be received 

while studying the yield of deutons out of more heavy nucleio 

Let us notice one more thing that the estimation of the 
' . ' -~ 

. , l /. r n •1 ,., t fr.., · • 
probability of fluctuation in .tritium "l.1:\ ~ ~ .. 4 t..·· \ / 

, "'. ,,.__ ;:'. . 

leads to the conclusion that tritium yield must form 2-J% 

of the dauton yieldo This conclusion does not contradict 

the results of the worko (I). 

The quantitative calculations ;;vith the fragments which 

are more heavy than that of deutrons do not have the reliable 

theoretical basiso Therefore, it would be very interesting to 

measure the probability of gre4~ monumentum transfer by more 

complete nuclei then.the dautono 

Then the possibility to estimate the yield exit of these 

fragments out of complete nuclei will appeare 

In conclusion the author thanks MoGo Mescheryakov and 

LoGo Leksin for many valuable discussionso 

x/ Comparing these data with the data of the IIId table 
of the work·(I) it is necessary to bear in mind that there 
the cross section for all the dautons is given, while we 
have the cross section onlr for fas.t deutons o Ace ording to 
the estimations made in (I) and (2), the difference must be 
brought to the multi plier .. Jo Therefore, our table is quite 
satisfactory corresponding with the data given in the table (I)o 
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