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. ON  NUCLEAR MATTER FLUCTUATION

D, Blokhintsev

In this article it is shown that the appearénCe of ener-
getic fragments by the collision of fast nucleons with nueclel
may be considered a result of the collision of nucleon with

the fluctuation of nuclear matter.

T. Introduotion

During the process of the motion of nucleons within the
nucleus short compact clusters of nuclei, in other words, the
fluctuation of the density of a nucleus can arise, Being rela-
tively removed from the other nucleons of a nuoleus'suoh oluétérs
are atomic nuclei of lesoer mass in the state- of fluetuational
compreséiono |

Reoenfiy, while studying 675 MeV protons SGattering on’
light ﬁuciei, MoGo Mesoheryokov and his collaborators found
out the phenomen& which confirm the existence of such fluctuations,
at any rate, for the simpliest pair fluctuations, leading to
the formation of the compiessed deuton,

According to this 1t is necessaryvto remind of the fact
that in a series of the earlier works (3,4) the attention was

paid to the formation of the fragments with the energy higher



"~ than the potential barier during the collisions (fision) of
nuclei with eneigetic nucleons,ie., fragments, the energy ofk

" the motion of which is considerably higher than that of bind-
ing as well as the barier h#ight of a nucleon. However, the
absence of quantitative data impeded the‘analysis of these phew"
nomena. | |

Some authors groundlessly explained this interesting phe-
‘nomenon at the expense of hypothetiecal long-range nuclear'for—
Tées, others connected it with the exisﬁence of impair nuclear
Torces. |
, The experimental data concerling the‘ehergencelof the ener-
4getic’deufbn édt of}light nuclei confirm the notim ofrthe fact
that the other fragments with the ehe?gy higher the potential
barier as well, ére élso formed as‘d result pf direct collision
of a nucleon with a close gfoup of ndcleons, which bhas appeared
because of the‘fluctgation of the density of nucleus.

Furﬁheré quantitative arguments for fluctuational origin

of energetic deutons and other fragments with energy higher tnan
the potentlal barier are advancedo ‘

As far as the impair fordes_aré concerned, it 1is necessary
to noté, that the estimation of their magnitude does not give
the ground to think that théy are rather greater than péirkfor—
‘ces (5) At *ha moment of close raprochement of nucleons inte-~
raction by paeirs as well as collective interaction can on imw
portant. However, mow there are no experimental data which

should allow to throw light on all the detalls of this inte-
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raction, moreover9 to determine relative contriéution of in—

teractlon by palra and collective interactiono o

2. Energetic protons—dautrons interaction

As 1t was shown by the experiments (1,2) on 675 MeV
protons scattering on datitons; except of‘scattéred nucleons,
uhdestroyed deutohs of high energy (abbut‘660 MeV), though
relatively few of them; are observed. That means that during -
those collisions a nucleon transferes a deuton an important
part of its momentum, | |

According to the idea of fl%ctuation”éuch'0011ision takes
place at thevament when both of the ﬂudleonS'Withih'amduutoh
are at a short distance R  one from another and the& interact
- very stronglyé |
- In such a case it i1s bossible for a nucleon:to“tranSfer
giﬁs momentum to this close pair as a whole, The'expécted éross .

section for such special ;ollisiOn ﬁill bes

where (5& | 1s the full quasi-elastic col-
‘lision cross section; and Nl (Q} o Ais‘the‘probabilié

ty of the fact that both ‘of the nucleons of a deuton are at the

distance less than  R.-



According to the order of the ma,gnitdde the diétance R
must be equal to the radius of nucleon strong interaction,

that is 7 3 -~-

If we denote the deuton wave function by meand of q?’d(\@
“we shall have: | '

R

Wd (Q?:L(Tnf\r'iw)r ar = 34‘»— Z/o)‘{

T 2)
SR oy
In order to calculate \N/d ((‘[

:Lt 1e necessary to know the dauton wave funstion near T =0
- The usual deuton ‘asymptotic functiom iﬁ').i j‘;} 6\/'@'(““‘;
| Jﬂ;\()-:)do‘es not suit abuolutely for this purpose, because it turns
o intg infinity when r = Qo

The deuton wave function has no nodes, Therefore we may

. approximate U= 14 \\Jd - for large r(s) in
: = —el? ‘ -
the form of \!72':, Q ‘ A © yand for small r(s)-in
the form = W{o) [é ﬁag’ ] |
and :Lnterlock funotions and derivatives in the region Z @ 2"" §
Of ' : . -
The quantity 2[5 " _ has

the meaning of a logarithmic derivative,
This gives us W(O\w \ %: F

w»

At

' Using Hulten funotio% the calculation leads to the same

T i n—r_ s,

‘ =AY .
result,FF)’@n &5 /Z Q )g being greater 0‘( ' several
N times acoording to the assembly of the known data, Not rating at




the more than the order of the maénitﬁdé'we(Shali put:
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where the quantity f” ’ 15'considered determin~

ing the logarithmlc derivatiive of the deuton wave function,
where ‘r = 0. ’ o d

From (2) and (3) we shall £ind:
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If we express R by means of‘fhe unitév . -
. - o
R T o
Mo

then

oo ~E B
) Adi8 =7 07RT B -
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While the experimental meanihg of'fhis'quantuﬁy i8

Therefore, g‘Fj[i) g ; - which 1is
quite reasonable.

Let us note that neither the theory "pick up", nor



impulse"‘approximation are suitable for our caeeo '
" "Really, 1t 1s supposed in both of these methods that the
(incident) nucleon interacts either with one nucleon, or with
two of them, but independentlyo In onr case under the transfered
momenta’afewéo great that the whole of the process is taking
‘place at the expense of very high harmonics of the deuton wa-
Tve function, 1°e., 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 f

An estimation of the quantats W(R) for the other 1light
nuclel is much more difficult.
., We may determine guite approximately that, for inutance,
for tritium the magnitude W I{;
will be of the order VJ{ {Qi

PR

with the correction concerning the fact that the magnitude

Ay for tritium will be | Wiyl
‘ L
times greater _ O£a . /Here, T
is the binding energy of tritium, | &il '
1
of deuton, YTin - and (P

are tritium and deutron reduced masses with respect to one
nuc]eon extracted from the nucleus/
This decrease of ﬁﬁ?- . expresSes the

fact that
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By the same way C%44e will bev

times grnater DR B for @4@

Uoing the ﬁxpression, which has been founid for V&ﬂ(ﬁ)
we will f£ind M/Y ’!0 \Mgeﬁwzllo

Thigse ma value may be checked up exnerimentlai;y later ono,
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coordinates and Zﬁ"iil noe S are neutron
y ;

' coordlnateso As it is known, denstty operdtor, for example,

¥

of protons will be- equal tos

~Pff ‘‘‘‘‘ S(K?%m} | » | (@> 

;/ 5

It is possible to introduce the density operator of the

.* t:',’,., 3 i

second ovder by the sage waye
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lIn;the..;general’:casevthe'density, operator of the a-order,
“where z-—protons andrn—nentrons take‘part’(a;gﬁw%' ), will
be: | ‘ ; '
(n)

v (Z ' |
,JD{;g'xij )v}%ﬁg,mt!( a

=) 8 ~XQ 8- ¥ "y /“,-\,'
gs;ﬁ (-4Q80c-x ). 8™ ya) (Y

An'average-valuefof'this:density is eQual‘to:

‘PO('X; J'\i} F(XX, LVC‘)KO/( dﬁﬂ( (8)

The exactly calculation.of this integral demands the
knowledge of the function \VA
However, it is possible to estimate taking into consi-~
deratlon the only fact :that thls integral must have the
'following form:

3 where D is the density of the. probability of the fact
'that protons ( 2z ) and neutrons ( n ) are at the points
'(X X VL“B) and the number M is equal to a numher
of the dgfferent permutations of protons and neutrons which
should:be[suitable-to-realize this-configuzatimn

»lwejare~intere3ted.in thewcaseﬂwhen relative coordinates.
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of these nucleOnef %i, ); ) 5@“;

. ;3
are placed within small volumc \WE ¢ Q,,

Introducing st11l the coordinate of the centnn of gravity

of this group ‘_%: and integrating according to
%} %o %@\ in the volume jz
and according to ,}ﬁ' ' "in the nuclear volume, we

“shall finds =

5) (S MW (R)

Frn,
e
g

where

8
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is the probability of appearance of the group we are’ inte—

rested in and which is squeezed within a small volume XZ ‘o
This probability is close to the,corresponding fluctua—

tion probability in a free nuclehs with the atomic welght

O =Z+YL  because only short distanceggare importanta It

gives an possibility to determine this probability basing. t

on the experiments on the ccllisicn of a nucleon with a free

nucleuss (A)x/

X/L S. Leksin and JoPo Kumekin (6) made an attempﬁ to
determine this probability for carbor: (C) by the collislon
'CP cy - They did not find out energetic protons, scattered back-
wards with carborn, as a ‘whole, within the limits of their
experiment.

' Basing on the estimations mede earlier for T and He

we may suppose that the probability of the similar fluctuatien
for C is quite insignificant (worthless)o,
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As far as the factor M 1is concerned for light nuclei it
is equal to a number of (a series of),ways, by means,bf thch
,it 1s possible tovform the,fragment,fﬁhichvwe_arei;nterested in:
in bther words, the factor M is proportional,_saying‘rdughly,
to 2%, '
_ And for thosehnuclei where the nuclear matter density is
spread out like im a liquid drop, the number M will be
equal td the number of fragments a=Z+n s Which are coﬁn
tained within thé nucleus,le., the number M is proportional
to 2. In heavy nucleil it is neéessary to take into consideration
one more thing- the probability of the energetic fragment fyield}
exitou£ of the nucleos P.
Supposing mnergetic fragments appear Carise) uniformly over
the nuclear volume and move in the direction of the incident

‘nucleon momentum with the free path.(range)

- e o (12)

o

‘where ‘Yl@. , _;s.the nucleon density in the nuo=-
‘leus,,and; |
L g 6 Ni\, 02!3’
is the cross sectlion of the fragment with the atomie weight 2,
it is not hard to find out that the fragrant yleld probability
‘out of the nucleus will be equal to: \

L -} -
P ?s{?‘ YL?-+( ..F\EZ)[QJ - (13)
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where O‘“G—“ %)N.ZE

is the nuclear diametero In particular, if @ LG

-l

F . ‘n Zo (3, “4{3 \ ‘ "“f};\

| S .
- :

then

where

Now taking into’considereatioh all the hultipliersv
éf&etorsa; we will have for the ©ross section the fregment
formation with the atomic weight a _ _
from the nucleus with the atomic weight A the following

expression.

Y, 01 G W)= A 1 o) (1)

-

and the yieldfoutcome of the fragment during ane collision hith
the nucleus will be

y ! N o : -
" g (2)=. {V g (2 (“5)

where ﬁf@ is the nuclear total cross section.

Specially for the deuton (G =7 ) and for light nuclei
Qéﬁi 1 " and the number M will be equal

T

to the numbergof ways which are suiltable to form the dauton
by means of the nuclear nucleons; protons and neutrons have

a parallel spin in the deuton, therefore We will get
o y\{
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As a result of this we have for deutons

from light nuclei,
"In the case of héavy nﬁclei, takinglinto oonsideration
o |

where n 1s the number of ﬁeutrdns‘which are neighbouring

the nuclear forces saturation M ‘02 a;z

to protons and which have the opposite (counter) spin. This
nﬁmber is ~ 6, a

Therefore, for heavy nuclel

| ‘VL ‘ I ('z
Zw xa&\ﬁio\fa) | (16 ]
‘DPhe yield is almost constaht in this case

a

Zn 7 o |
Wj:iKWMdCQj 'ﬂ

r.:
4

Using the formulae (16) and taking into account consideratiod that

,"eq' ) & “S
Q4= 0T et ana  wd (21~710

we will get the following Twoufﬁﬁ

in Vwm%ﬁ?n% | z)

The element i“ Se ,9 _ O
A é’(ﬁ t} u ‘ 2 ‘ z'@ Q\{:’
As far as heavy nuclei are ccncerned, according to
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(159 the expected deuton yield}is;"(%inwé%\.é 7

_i The ocbtained numbers are . in saﬁisfactofy accordance

{Wifﬁ_thézresults of the work (l),x)o | |

The moré convincing‘cheékaup xv>may:be réceived .
while studyipg the yield of deutons out of‘mgre heavy nuclei.
Let ué néticé oné:mofe'thiﬁg that fhe estimation of the

\s.»-".f(‘v
3

probabllity  of fluctﬁatipn‘in.ﬁritiﬁm §1§?{ﬁ%faz}V§?
iéaaé‘to the éonciuéibﬁ that fritium yield must form 2-3%
of thé deuton yield. This”¢onclusion does not contradict
the results of the worko-(l).‘ |

The quahtitative calduiations‘with the fragments which |
afe more heavy than that of deutrons do not have'the reliable
theoretical basis., Therefore, it would be very interesting to
measure,the probability of great monumentum transférrby ﬁore
complete nuclei then'the‘dauton;} |

Then the possibility to estimate the yield exit of these
fragments out of complete nuclei will appear.

In conclusion the author thanks M.G. Mescheryakov and.

LoGo Leksin for many valuable discussions.

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 only for fast deutons., According to
the estimations made in'(Ig and (2), the difference must be
brought to the multipliey .3, Therefore, our table is quite
satisfactory corresponding with the data given in the table (I).
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