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ABS TRAC'.?. 

An eff6ctive cross. section .. for the production, o:t mesons 

and the relative lo.sees. of energy in inelastic peripheral 

collisic;ms of nucleons with the energy T = l: - :10 BeV are 

oal,.culated on. ground of _the conception of the nucleon structu- . 

, 
It.i~,essential that the. presence of a "core" within a 

nucleon leads to two types of-collisions with small and lar-:,' ; . ~ . ' 

06. J.e)U!.~ffilllff;ii\ HHCTHJJ,·1 
~ep_HLIX llCfJleJlOBatnril 

, 6H-5flvt0TEKA 

0 



I 

., 

Lr,:\ '.~)t;~/ 

I N·T ROD UC TIO N 
-=a~s;:a,-==,.- - -=-'-=- a:.- -.a 

__ ,,., .,.,.~-

The experimental data on the production of mesons by the 

collision of high energ nucleons are compared at present with . V . . 

the results of calculations based on the Fermi and Landau ·thee-
. -

rieso Howe.Ter the Fermi-Landau theory evidently refers ·to ver1 

high.energies of nucleons onl1 and in particular does not expl

<:a.1n itli.~i tac:t-; 'tha;·f ·the· mean: energy• losses typical for the inte-

- ractions: ·.of.: t"ne·'c·osni1c ra;r. nui:rleori.s with light nuclei are srna.J.l¼*" 
,,. . " :; ... -. ·' ;· '. ... ... ' ,. ·, ... . , -. . . 1(:~\ 
' ··'.~· Small mean· energy losses. of the fast nucleons can be exp"l:!"9 

•·.;'t-_ 

. -~ rained Jistiwriing'. :that a nucle·on has a complex structure (see also_ 

.2 ). The. available experimental data make it possible to 
. j ' . ' ' 

·co:zioret:i.ze t'iii'.s assumptiono The pion-proton· sca.tt:ering a.t T = 

•, -'i,~; Bev '.3 /:1nd:toates--that 1nsi.de a nuo±eon. there is a region 

of a Tery strong interaction (with r
0 

= 5ol0-l.tcm.)·- a. "core", 

surrounded _bJ the ,weaker interaction region with R. • 12.10-14~m. 

As soon as the .dimentions of:the core is near to the Compton 

wave length of .K-meaon~ with ~·:::= 965 me o :-x M/2 ( X. IC .., 2· ~0 =. 

4-140 10 cm) Mis the rn~ss o:e° ·a nucleon) one may.think tha,t the 
' ** nucle6n core ,is evidently connected with K-:-mesons • ~~~~~-------~~--~----~~ 

* See -also Doio Blockhintsev•s note (2) {-1n-·t-he-·press) 
. :- : 

ab.out the validity of hydrodynamic discription of the generat-
ion of mesons in collisions of high energy nucleons. 

** The presence of the "core" inside a nucleon surrounded by 
virtual pion shell as well as the strong interaction of nucleons 
at a:very small'distance follows for example from l?lochintsev•s 
hypothesis about the indirect interaction of a nucleon with pions 
through K-meson field. 4 
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nucleon wavelength is 

vvh e. re 1Z-c < 6 < R . 
1t is possible to .distinguish t!'o typ'es of nucleon collisions: 

peripheral with the collision parameter b, re and central 

with b < r
0

~ 

In peripheral collisions nucleons interact through-the 

· field of pions and this interaction is not strongo That is why 

.the energy losses are small and a fe~ mesons are 'producedo · 

We·· suggest that in the central collisions· the interact- . 

ion is very,. strong so -the enerEg io~ses ma:, reach lOQ p·er 

cent and many mesons including K..:.mesdns must be ·produced. 

Both types of collisions_. a.re quantum phenome:r{a and heri:
oe their treatment requires a 'consistent meson 'th'e~ry. 'As 'there . . 
is no such a theory we can try. to apply the approx:tma.t·e me-

thods.·Namel;r, to calculate the periph~ral collisions we·use 

_ the semiclassical Weizal.cker-Williams method o' HoVfev:er; ~like 

:the old calculations of Beitler et. alo [5] 
0

We do not use t~e 

perturbation ~heory for calculating the cross seo.tion ·for the 

soa.t.tering of Tirtual mesons_ on nucleons but take it fr'om the 

experiment. So ori.ly a flux- of virtual mesons accompanirig a 
fast.nucleon is calculated from the theor;y-. 

As for the central, collisions it is p'ossible now to in-
, . "" 

dicate only the order o! magnitude o! their effective cross 

section · ()4 ;.:,, 7i 7.. 
2 
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INELASTIC PERIPHERAL COLLISIONS OF NUCLEONS 

.,, _ .. :Ac .. oor.ding' to the·weiz!dker·~Williams method the virtual 

meson· slieli":of -a -fast ·nucleon 1s replaced by a free pion flux . ' . ,, 

• 
5 hiving the same energy as the shell· (s.ee )o 

· . · • E~ J!5<if-)d £ ·· .. 2 .TT f"'Gd if sx < t,tl d t 
: . '. - : '-o ' - - - - - - ' , '"C. C, - - ~ 

(1) 

\_ 

' where· ·~x(b,t} is a longit.udinal component of 
' •·: ., ... ;, 

the energy 

-flu:X: density. of the meson ,field of a nucleon describing the 
·. -~.,}~ .· /.' ~/-:: ·~··· ; ' ... ' 

en·erg;y' propagati-on by _this field and _ r is a; radius of a 
• --- , - - - - ' -, • -, ' - C -

' . ' . 

· nucleon core, so that the integr_ation in this formula, extends 
\ :_'-:· .. ;•,.,_--: · .. ·, ,,:•.: . '_:_~ . . .... . 

only to the shello 
' ' ::~ . . ' . . 

,•,'.-._,,.,.· .. _ _.· 

· Mes.ons· of the flux scattered on a. nucleon at· rest .. are 
- - -_, 
j, 

- \. _-.! i:..< i\ ~ . ' . 
·considere~ ~o be produced by the collisions of_ nucleonso_~he 

. . ' ... ' ! •-. ~ 
' .,,\. ' .. 

cross s·eotion of the meson production and_ the energy flux lost 
.. . . ·~ 

1:ri.:•·th1s ooli1s1on by the fast nucleon are equal, respectively~ 
. ,, ..., 

~:~. , . i.,e, m~X 

;.,-·a;> ·J, o(E)q (l )de;_-
---' - - -r'\'\C2._ -. -. , ._ - -

cind 
'cl.,E-ma.x 

l J ?"cE)q, c£)cd£ 
-· rnc2 , • 

(2) 
where o(c) 1·s -the 'total cross section.' for the scattering of 

• , '• ~-- -,-•-•-w--,--,~"'1 

mesons ·on ·nu'oleons; ~E,ma"~-E - ~( E + Mc/) ·M~ 2 /2 -' the upper 

limit of the integi-ation defined.from· the consideration that 

a fast nuole~n· in the center of mass system of the colliding 

nucleons can· _lose all its. kinetic energyo The relative energy 

losses of a fa~t_ nucleon in the .process is· 

8 ~ _A 
i - Q E: 

i 

(J) 
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Conditionsof the validity of the We1zsttcker..;.\Villiams-me-

tl;od 5 )_:-- << ~mi.n · , ,where ,l)mi~/.-.~
0

, and· A E << ·E ·are ·fulc:-

filled for the peripheral collisions at .l.;,.10 BeVo :Indeed,:.~:· 

J.=(1-o~)-10-'~m · the.l,e l$ A« 5. ='ic~Lt·10-
1
i,.crn- --

, . l · · min 

and mean relative losses O =- Ll £ ~ 0>3 .· o '(see ·· 1 ) • . E 
• 

. . 

VIRTUALiMESON FLUX : . 

.. 
It follows from· the· 1s otopio · 1nvariance · hypothethis · that, 

• ; r.-:- . ' ·, . ;. ., . . . . . . 

virtual charged and neutral '' ~mesons are· in' the nucleon shell 

with the relative:probability of 2/J 'and l/Jo
0

Therefor~, the 

longitudinal·. component of energy -flux· density· of neutral · 'TT ~me

son field 'of ·a nucleon in the .. point ,on the plane ·x = 0 is equal to· 

s: (£, t) cl)[ \7:,; 'f (/?,, X'. tJ]::o, 
(4) 

where 
~ Q 

. •·- -. -r~-(-M)- exp,{~ ~V6"+((x:Vff] :f(g X t). JUL. - (ov) . --- ----- --
) ; . ✓ ¼.Tt 2,M . . .· . ✓ g/ +Ji!. (X - vt)2' ... 

is the function of fast nucleon meson field. in _the non-relativ:~s-. ' ",, 

tic approximation for the nucleon; rn and f:1 '."'" the·<masses,. of 

ll .-m~son and. nucleon, R - h . y - 1 le~ . 2 . VI 
--:-me) o- /yJ-_!3 Ir= lC. 

Substituting (4) in the" fo:rmula'(l)·and·deoomposing 

\l · j(f> :;c t)J · into Furie integral 5 · we obtain 
):: I I J::::0 . 
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where 
. - .· ' :· - . . . - . - . (X.) ' 

Q
0
(z t):'-i.J _·4:.[· 9 u k' (u)L< (U).+Jc. 2[1.,,a(u)·-· Ki(u)·1}.- · · 

> • 3 2/H '"' o r •, . no . 1 ~ 
, I • • 

is interpre.ted gs a spect:ru.m of .virtual 
r.·O 
11 =mesons accompany-

ing -fast nucleono t-(0 (u.)
1 

Y\ (u)o:t.e the mod:;tfied Bessel funct:tons, ;_ 

U · "'"c. ✓ , ( M t )2. ' -7 _ E. · _ ... ~ ~-R:=:-1t·. m. •._ , t. - f,E~. > 

wher_e E: .- the total nucleon ene:rgy in the labo system, S 

the energy of virt:ual TI =-mesono •.. Q
0 

('ljl) 1s .essentially· 

depended on the radius o:f nucleon care . rt (F:lgo l)tt. 
c;----~- -

Spectra of _virtual 11 ·1 =mesoJ'l.s accompanying proton and 
j .,., ,-- 0 

neutron rewpect~vely ar.e equal to Q y- :=. Q -- :-= 2 Q • 

TWO CONTRIBUTION TO THE PROCESS OF THE MEWON PRODUCTION 

IN PERIPHERAL COLLISIONS OF NUCLEONS 

'The used solution of the equation of the meson field with 

a 11ou.1:ce corresponds to the first appro:ximation of the pert~ .... 

bation theoryo So virtual mesons can be emitted by a fast nuc~ 

a:;:a~-~-~~-<=='l-c::,IIIIC":a<=i:;t-GINc::::,~t=:,~c:::ac==,. 

* In the paper by Wo Heitler 5 when calculating 
the :fa~tor. 2 a.1•ising from· Joo e,-i.(£-E'Jt dt = 2Ti 6 (£:_ E,') 
was lost o · -- · .... - ·, -oo ' 

·-----

Q (7. ,~) 
' 'l 
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leon or by·a-nucleon at resto Thus, the process of the meson 

production :1.nTolTs two contrib~tionso The_:first contribution 
;:, 

is the scattering of mesons :from the virtual shell of a fast nucleon 

on a nucleon a.t resto The seoond·contribution is the same pro~· 

cess 1n·the coordinate system where the fast nucleon ·is at 

resto (in L* system)*~ Therefore the total cross section for 

the meson production in the · pez•ipheral collisions of nucJ:eons 

equals the double cross section for the mesons production in 

one contribution 1 

j (j = i 04 --;.~lw f 1 ) _· 
' \(] . / 

lm~ ~- . l =) J [ 0; (pE 1.) Q:! ('"l, Z)+ 6'
0
(f E,l)Q

0 
('7., Z )] d l 

0 

Mean relative energy losses of fast nucleon 

o= _i_ (J +· c5;>) l l .. ' 

Relative losses in the first contribution a.re ,e.qua.l' to . · 

~ = -1L. = _L_ . 
1 C11 E: · I 1 > . .. . 

· · · l rna,x ·_ • ··. · . . (7) 

4~- t=f[o 1 (pE·e)Q
2
\:i)l)+t5'

0
(f["t)Q

9('l,tilrdl r 
. +.·-10 0 . ·½'- -. 0 

where (J (E) · ... the total• cross sections of , 77, 1 
, , me;... 

son scattering on 
,• 0 

nucleon (proton or neutron), where (J ( c.) = 
~~~-: i t ~\£ >:+ cr -ci >r -

·~o 
* For the second contribution the condition of t'he val1d1-, ,•. "* . ,. 

ty of the Weizs~cher-Williams method • , A E <:. < E transfering 

to T>ftec << Mc2 in the labora.tqi:·y .,s;rs_te~ :ts _fulfill~d, since from 
' ~ .. 

the experiment ·Tree oil--= ~;.o MeV o ~., 
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· in accordanc_e. Vfi_th ·the_ isotopic inv~:riance hypothethis; o ( E,) 

and CT'-(€) are taken from the·exp,erimento* The us_e of cross. 

sections from t_he expex-j.ment as . C-5 ( S) is possible only ,:bY 

assuU1:lng the sma,ll_ness .of nucleon shell interaction, that is, 

probably, cor:rect f·or the D:Ucle~ns with the energy. 
' ... . · .. ~ . ' ~ 

E ~-IC? B,ey)· c,i.s9 Jhe C7,,0SS SgctLOl'IS of such nuce.eons 
.. . - -27 . 2 

~N r-~ 30 · 10 cm< TI ( iR) . 

The cut off parameter of me.son spectrums 
~ , ' - ~ , 

7 &' n'l O,,'( 1 r·• 1 1 \~( r 1'1 2 ) i'./1 ··~ ] . 
l.rna-x = J3 r;:. . . pl . ._,. (:" lz- l ti., -\- 1 C. 1 •. 1 Ge. 

To obtain the relative energy loss'",~ in the second contribut-
- {~ 

ion it is nuoessary to pass from J - system into lab. system 

. 82 = r~c2 ( Vf1,~-~ T ~) i 

-* -* 1' and Tare the longitudinal Inomentum and the kinetic energy 

of the recoil-nucleon in the L* system averaged over the an'.'"' 

gular dist~ibution and energy spectrum of the virtual mesonso 

In the case of an elastic 

the angular distribution 

scattering of vi~tual mesons with 

dcr {) . E'.l rr.,2CI -:-- ==Cl+ n cos. 1 -1• C \..;Vs o· 
dw · 

in the center. of. mass syste!Il of the c_olliding meson and nuc-:-

' lenn ... • · . itma)(. . . . 

(Jt:~ _(_IQ ~i, i:)[cr_ (BE t. )- L.t1!. . .g ( Pi_ Et )l Vv~t - ~/. d T. _ . p I1 . , . J . . 3 . r ~ c - Ve 
CB) 

0 ': - . . . . . 

· . · · . - ·•·. 'c2_(. 2)2 
where V is the velocity of the fast nucleon, Ve= \Jc· - me 

.1'1c+f.-/c. 

* For the energies 1+/5 < E. < 7 BeV assume· tha.t CT(£)::::, const 
-2.'I 

:30·f0 cYYL 

.. .._.._ 

·~ ~r;. 

, t 



- the velocity of the·como _system of avtrtual meson and a 

nucleon, E, = fE -Z · 
Available data on the differential cross seotions for 91-:- P 

sc~ttering [8 ] make it possible to determine. 82 from -the re-

'\'' co~,~6leon ene;gy .in ~b.~ . L* sYstem o~iy fo~. t_he energy of .the 

fast nucleon T ~.0,7 EeV whe±e ~-~ 0,1~ . 

For high energie_s CJ 7 '/ · 1) 62 oa.n be evaluated from the 

considerations that "the energy iost by the fast nucleon in the 

L* system - · 4 E* is taken up mainly by mesonso· As t>,. E* ,.., mc 2 

this energy in the laboratory system is 
. Ti -~ g, 
C1E) ~1t(1- B)LlE ::::; _L 8 

2 .0 J _ Z( 

The recoil-n~cleon energy in the_L, -system deterJI1ined from 

the losses of the fast nucleon in the~ -_system 

T 2 = -l (:1~ p * - Ll £ * ! 
1s equal at (), r 1 

and._ 

Then the mean relative ene~gy losses of the fast nucleon are 

equal ·O 
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./ DISCUSSION OF THE RESULTS 

In the observed energy interval T = l = 10 BeV ·.the e:f'fec 0
"' 

tive oross seetion for the inelastic peripheral coll1~1~n~·-·o:f 

nucleons (a) is practically constant (figo 2) /mo:.t .. e than the 
:, 

mean value fo:rCp~p collisions and less foza n."'.'p oollisions/o 

But it depends very muoh upon the magnitude of t_he coupling 

constant of the meson field with the nucleon and upon the 

radius of t:he nucleon "core"o 

If we use 
2 . i = 15 

experiment will be reached at r
0 

• 
the best agreement with the 

= 212c o This is essential. for 
' . understanding the entire· pa:ttern of the inelastic nucleon=-nt10-

letn collisions because in that case the cross section for the 
. ' 

central coll~s1ons 0,....,11 .. lc ~ 5 11 6 o 10=2? ~mo 2 . amounts to about· 

20% of the total inelastic collision· cross seotiono• 

The mean relative loss,s of a free nucleon in inelastic 

peripheral collisions are 15~20% and the energy of a recoil

nucleon evaluated from the second contribution is equal to 

40--110 MeV·(figoJ)~ It is essential that both quantities ab= 

solutely d.o not depend upon 'the coupling constant g2
o 

As for the average number of mesons produced in periphe

ral collisions it is more than the unity, as the Tirtual mesons 

are scattered on the nucleon both elastically and 1nelast1oally, 

and must increase with energyo 

The observed pattern of the meson produotion by ttucleon= 

I 
l ,. 
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nuoleon collisions is certainly very approximateo However it 

is in a good agreement with the eocperiments of Yuo Ao Smo

rodin and GoBo Zhdanov 9 , performed in a cloud chamber, 

which ·show that the nucleons with the same energy (1010 ~-· 

1011 ev) form showers of the essentially different multipli~ 

cityo 80 per onet of showers correspond to the production of 

1=2 meson, the initial nucleon lostng 20% of its_ energy :and 

a recoil=nucleon taking up energy of 20-50 MeV .but not more 

than 150 MeVo· 

Showers of the second type contain more than five partic

les, the energy losses of the initial nucleon being 80%0 

Thus the· existence of two type• of sho~ers confirms the 
I 

presence inside the nucleon of a 11 oore" with the radius 

r = 4~lo-14c~o surrounded with virtual pion shell of. a radius_ 

R == 14ol0""14cmo 

In .conclusion .I wish to thank greatly profo Doio Blokhint

sev for some vaiuable advice and great interest to this worko 
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