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А Ъ в t r а с t 

Thc deneity Df а meson eloud 1n а nucleon is calculated о~ the ЪAs1s of tbc extcnded 

source theory. Tho nucleon per1phery 18 determ!ned as а reg1on of the applica.Ыlity of the 

one~eson зtate. The p1on-p1on 1nteract1on cross sect1on 1s eвt1mated. Tne coeff1c1ent of 

p1on absorpt1on 1n а nucloon fou.nd experimentally is compared w1th that calculated Ьу the 

opt1cal model. 

I n t r о d u с t 1 о n 

Some years ago the ana.lys1o of energy losses a.od of ll'Jult1ple product1on of' mesonз 1r: 

nucleon coll1s1ons lod us to the conclus1on tha.t 1t 1s rеuзоnаЫв to (t1вt1nguish t.,rcc t,y:~s 

of nucleon coll1s1one: а core w1th а соте ( К К), а p1on cloud with а co:re {К) .. ), anr" 1·~,· . ..1:
ly, tho со111з1оnэ of p1on cloudo ( .1i'J,')ll,ZI. It wм aloo meant th!it the со11151ono с' tsc 

f1rst type (К Ю should ье conз1dered Ъу the methods of the Ferm1 stat1ot1cal thco~y, tt,e 

coll1s1ons of the second type ( К,л) using the method of the Pa~amete,: of coll1э1cn аnд thc 

meson theor.r. 

'l'l1e contr1but1on of the coll1з1ons of t:,pe ( J,J;) 1е very likely зmall (зее, furt!:,-r 

§4, as v1ell as121), It would )ш.vе Ъееn роsа1Ъlв to develop the tbeory of periphery co111~i

on~ ( .fi~K )only ucoord1ng to the pton cloud theary of а nuoleon. ТЬе theory of t~1й cloud 

wae developed 1n papers Ьу G.Che"l'I, G. Salzman141 et.al. 

Later on, however, 1n Hofstв.dter1з expcr1ment5 {зее151,(бl) on the эtudy of thc с}ш.r1;(' 

and magnetiD mor.icnt distr1but1on 1n the nucleons ser1ou& doubts ,•ere сазt on tl\c ~orrlct

nesз of the ola~s1cal picture of the p1on oloud 1n the real nucleona. 

Thcre was found аа csaent1a1 diзcrepa.ncy between the great magn1tude of the proton eloc

tr1c radiuз and the small шagn1tude of the proton clвctr1c rad1u~ ~nd the вmall magr.1tude 

of th1з quant1ty tor а neutron. Theoe d1ff1oult1es gave r1oe tc qu1te d1fferent po1nto of 

vie,, on the nuclcon structurel7,s1 a.nd even to the douЬte oonoerning the арр11оаЫ11tу of the 
-1)16,91 

electroдynam1os at the d1stanoeз of the order 10 om. 

Meanwh1le all thcэe doubts ~eem to Ъе Ьазеd on an 1nзutf1c1ently clear understnndtng that 

thc usмl 1nterpretat1on of R. Hofstadter
1
s exper1mont.s 

Р,р (q1:F-',p 1qJ =P2r1. 1q1; f:',,, rq1~0 
(Here .~9 , f::п. are electr1cal a.nd Р,р, F;n-magnet1o form-factors for а.. vroton and ~eutron) 1.s, 

1ndeed ne1ther un1que nor exact, but only розз1Ые. 

The contrв.d1ct1on -,.•Ь.1сh a.r1зes between the dOJ').tJ1ty d1.str1but1on law of the meson cha.тge 
-1Hf ~~ 

acoord1ng to Ykawa theor.r ..... е iг' and the chlirge d1str1but1on "° е· obtв.1ned exper1mentally 
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1з also of no pr{-з.ct1cal 1mportance s1nce tt10 reg1onэ o-f the appl1cnbilit3 of these expres

$io~з are qutte different. 

All th1s rr.ade us analyzв the ::>patta.l p1cture or the cMrge P.nd momcntum dcnз1ty 

d1:,tr1but 1on 1n the nucleon, whicb results from thf extended 30urce t tteory and cornpare it 

witt-1 exper1nental data. ::;eotions 2,:3 are ooncerned \f1th th13. 

S~ct1on 4 1::i doalt w1t}1 the app11ca.t1on of the pion cloud theory in tl,e nucleons to 

tГ.е •н.Jti.n:.1te о! the ( fiJi .. ) 1nteract1on crosз scct1on. 

§ 2. Nuc!eon Core and Pion Cloud 

We shall зuрро5е thflt the f1rзt approx1mation 1s not bare, Po1nt nucleon but that 

d1str1buted over thc rcg1on а~ t..Jнс(м 1s tt1e nucleon mавз). 
•r:1is d1str1but1on je due to vtrtual nucleonз, antlnucleons and stra.nge r,articleз. 

At the заmе tlme 1t is а plon cloud sourco 1n а nucleon*). 

If Vl К )1~:; the Fourj er ccmponent of thiз extended sourcc, tt1en the ехрrезз1оnз for the 

charge denзlt.r .,Pr and for tbe dens1ty of thc 1oa.s;net1c rnoment tn thiз cloud ffi»-y1eld 

(з•• pap•rl61): 

() ('/,): -eµ?t ~1• 5 if(К,) l!iк') (K'i;'Je'
1
'·'

1
' d}(Kl'i.') (1) 

Jt / .\ (2foJ' OJ(,J' (Ы•(,.)') 

т (7.J=-eц.3ci: «f' J ?J1к:>lf<"'> ~(в-(iГ,и:·,1\е•''"сt)(кк'J (2) 
1 / } (211 )У (.)' bl'' L • • J J / 

All the lengths 1n these formula& a..re meaзu.red 1n the un1tз of 

thc Plon masз 1s put equal to а un1t; (5 1s thc Paul1 mo.trtx; 'i, 1з 

1зоtор1с зр1n; 

),= 1.4•10-lJcm, 

the matrlx of the 

Ехрrезз1оnз (1) and (2) are the f1rзt approx1mat1on whioh take 1nto account the con-

tr1but1on of only one-pion-state • 

The total denзlty of clvtrges and of а magйctlc moment 1n tt1e nucleon 1з cqual to: 

.9 ( •t) =J:t (iJ • _р. (?,) ~ ,п ti). m.1'(?..). т, (?,) 
()) 

whe.re the denз1t1eз of an elect:ric ct13.rgc and rnagnet1c momcnt are deзignated 1n terms of 

р,., ('t)a.nd Yn.c{'t). Тhезе dens1t1вз are concentrated 1n tbe oeotral part of а nucleon and 

are due to nutleon and ant1.nucleon pa1r& and to strange part1cles (charges and а magnet1c 

moment of а nucleon oore), а~ .,ell as to two-th.ree -and othcr f1igher p1on states. At 

*) It тау Ье sa1d that Tamm•s modcl (loc.c1t.) 1s appl1cd not to а nuoleon as а. whole, 
but only to 1t~ central reg1on. 



preзcnt we know verf little about these stateз and for tlte t11no be1ng зhall conз1der tt:e10 

as components of а nucleon core. 

~xpreзs1on (l) can Ье еае11у reduced to the form; 

_р,.-(tJ = В/•эt, /;J;s jdf(~f )
2 

о 

(4) 

wbere 

I (iJ = j 1JS1eJ e"c-i" d'к (5) 

whereas S 1э a.n aux111a:ry var1aыe. 

Мllk1ng thc 1ntegrat1on over angleo a.nd deз1gnat1ng V'(KJ= V((<)) we obta1n 

[(i): # V(-ut)Q{\,,)+ oom,conJ. (6) 

-,, Q 5 
,,,-1*•;.,,.,._.,,, d (~,i)• " (,J 

' SuppoG1ng further G.> а cht and 1ntroduc1ng f, ~we oьta1n 

(7) 

!(,)=-4f V (-"JТ) d§~PJ 
(в) 

where К.(р)10 м well-known Bessel funct1on. 
J 

Thc :tunct1on ictJ(}i V(t.д)serves as а cut-oft fa.cto:r. We сЬоозе 1t 1.n the form 

·•here 1;1~ 1в а. cut-off froquoncy. 

Only 1n such а cho1co of V{(<)} the operat1on V(-~ )has а siл>ple mean1ng о! dis

placement j -~ ..,/3 , 
Us1ng now (4) мd (8) one may eas1ly obta1n 

.. Р;;-('tl = ем,', 2-Е. е ~
1 
·r' f dp ,,., •, (10) 

, , ];3 .r:;т--тr .,, r9
.1 ... 

1
2 • Г\1 LJ). -т~ .. р~ J 

He:re к,(?) 10 
J the Веезеl funotron. Juзt 1n а з1m1lar wa,-the magnct1c moroent d1зt:r1ьu-

tion may Ье calQulated: 

' _L '/ l· . '1{ J"" dj>K,l.PJ }z т..-m•~и ci, 2(2ю, е Lt[6iJJ ~ р fy•-i, 
The assmptot1c expresв1ons for theee magn1tudes ате indP,pendent 

cut-otf tunct1oн are аз followз: 

(ll) 

of the form of а 
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iJ• _l!цr.1er1oal Results 

In 5eneral the qun.nt1t1es J.i-!~J and rn,tiJ eззent1a.lly depend upon the form-fe.ctor of 

the oource V{tvJ, 1n our oho1oe of VM> the;y depend upon th• r.iagnitude of }, . 
. , ~) 
,ve have ohoзen thc quв.nt1ty,so ttшt the oalculatod рhа&в sh1ft ot thc .J -.vavc for 

pion scattertng on а nuolcon would Ье 1n Ьезt agreement w1th e~per1ment 1n tbe low ener~ 

reg1on. The calculations have shown thi.Lt . .'~::: f . Тh1з cho1ce corre~pondз also to the 
,. 10\ 

form-factor~ accepted in papers • • 

' The r.m • .з. eleotr1o and magnet1c rad11 appear to Ьс equalt to ..:1'е,:, "" О,19 and 

< .-,.l 
1m ~· • О.40. 

?or t"• oharge of the p1on oloud eQlt 
ео/ and for the pion nю.gnet1c ю~ment Mj /2!"(,wc оЬ-

ta.in: lix • О.?6 and Mr,• 1.25. 

Jlow vre э.hй.11 Ье concerned with а rnore deta1led cons1.der&t1on о~ the nuclcon elec-

tid.c rad1uз. Accord1ng to the def1n1t1on th1s rad1ue 1з equa.l to:. 

~ rt; > 0 i j i2
_f <i1d''Z 

wbere р 1з the total dcnз1ty of t}1e p1on c:loud and nuoleon co:rc chargeв. 

Put j,,._ = Gк Jc where Q~-1з the total oharge of а core and des1gnate 

. i: '!: = 4-Jz'fl, (i>d'z. (15) 

Expand1ng now the cbarge of а corc Grc. 1n thc зcala.r and vector ра.тt& а: and Q; 

respeot1vely we тау wr1te (14) ао followo: 

&nd 

The 1sotop1o 

Q, = 0.5 then 

, ,, ' (Q' ""Q') , < i ~ > = L, < ~е \--+ -1. к -L, к "'-i е ~ 

sy111metry of th.1s exprcзsion 1з evident. S1nce for а neutron 

Q: = 0.26. 

(16) 

Qp•Q.=0 

It 1з well-known expor1mentally th.At the root--mean-зquare radiue of а neutron 1s 

< '1!i ~ zO. Therefore, 1t followз from (16): 

"it >с="" 'li >~lra: .а; J (17) 

a.nd 

,. , 
< '1. • >р = " "<е >с (16) 

Te.k1.ng 1nto account the valueз ment1oned аЬоУе Git and<Z$ >;;, we f1nd t!1at "'l.J ~ ~·(O,S~ 

( l -1) )2 ~ О, 7. О cm • 

Thuз, aзsum1ng the electr1c rad1uз of а neutron equal to zero we oЪtain а reasonab

le value for the proton rad1us. The form of the oharge d1str1Ъut1on 1n the core 1s ar-
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Ыtrary enough (:,1nce only the value G1е1з known and < ~l>c ). \Ve choosc .fc <-t.Jas follows: 

е -•4' 
Рс (?,) = 8:JJ'a> е I (] 9) 

Лt th1s 

(20) 

Now tn or<l er t о obt&1n <ZJ >c•O,~S1t 1.э, necesзary to take 

а -f"1'/мс =.2·f0-"cm, 
t Thus, (19) 1s an exa.mple of а соrв wh1ch tз character1zed Ьу а small length а~ /нс 

At the заmе ttme 1t has а great root-mean-square rad1us. 

ТаЬ.1 presents the values of the dens1t1cs of an electr1c charge 1n the spher1cal 

laycr d_.-rtJ•4.i2],0J*). In Yig. la and lb are g1ven the oharge dena1t;y d1str1Ъut1ons 1n а. 

proton and neutron end tk1e1r соrеэ. 

The curve for & proton oo1nc1des p;ract1cal1.:, w1th tЬ..~t g1vcn 1n Hofзtadter•s papert': 
As for tbe chargc dcncity 1n а nвutron 1t 1s вееn that 1t озо111вtоs near zero. Th1s ac

counts for а small e)ectr1c radiuз of а neutron. In F1g. la and lb the region of the p1on 

"atmosphere" of а nucleon 1з sepв.ratod Ьу а vert1cal line from the reg1on where thв соrв 

ohargeз are eззent1ally m1xed. 

Аз 1s зесn "( > 1.4• 10-l.З cm 1n the reg1on of an "atmosphcre". 'l'he reg1on where the 

asymptotic expans1ons (12) and (1)) arc correot 11es evвn further. Тh1з 1з, so to з~у, the 

nuoJ.eon "зtratoзpherв". 

The number ot mesonв conta1n1ng 1n th1з rcg1on 1s cxtremcly ~mall. 

One та.у analogouвly conз1dвr the magnet1c зtructure of а nucleon. Chooe1ng the d1s

tr1but1on of' ttie magnetic moment of а nucleon core 1n the form 
J}.. ·•!• 

m,<~J= SJ'ci' е (21) 

and putt1ng а= f , from the cond1t1on т •t,, i.15 f 4c we 0Ъta1n for the root"'111eQn-aquare 

magnet1o rad11 of а proton and neutron 

1 t Q d ~ <. Z ,n >,. ~ <. 'ln1 >р -(0/1·/ (Yf?J 

ThuJ;t, the ma1n reяultэ of the Р. Hofstadter group: 

нl ~о Nl v> t '0"'•=)' <<~,.,..-_, <r;q>'p~<,m>p~<im>,i~ (0,8·;i ..,. .• 

maJ. Ъе put 1n agreement w1th the ooncepts of the modern meson theor,1. At the 58.ltle time the 

d1str1Ъut1on of an elcct'r1c oharge мd mn.gnet1c moment of а coi.e 1з def1ned Ьу а зmall 

length а ~ h;МС << t, I' rn,rc 

·--------------
*) The valueв .:?:t (~) wo calculatcd d1tfer froю those glvcn 1n (11). Howover, D.S 1t 

1s shown, (12), thc numcr1cal data of paper (11) are not oorreot. 
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§4. P1on Cloud <1nd P1on-1'1on 

Intcract1on 

In p1on scatter1,ng on nucleons w1th the parameter of the coll1s1on l > ){,,С 
one тау oons1dвr thc scattertng to Ье ent1rely due to the 1nteraot1on of vlrtual p1on3 of 

а nuclвon w1th an.1ncom1ng P1on. 

Uow v,e shall draw our attcnt1on to the caloulat1pn of the pion absorptlon coeff1c1ent 

1n thls reg1on. 

Flrst of all we evalunt.e the cross зeot1on of pion-plon 1nteract1on. Pionв та.у Ье con

з1dered "" part1cleз conз1st1ng of v1rtual nucleon-a.nt1nucleon J>Q1rs (cr.lИI). At tl,1з 

J"·=p-,l, J,·=P•n; :t'=Z-'/4(pn~pr1:) 
мd tho hypotot1c р1011 :t'/ = 2 :.;( Р· n-1} д) (cf.114 ! ) . P.ere р, 11 a:re а P,-oton and neutron 

whereaз /)1 '1 are an ant1Proton and a.nt1neutron. 

Тh1з 1nterpretat1on of а p1on аз а compound part1ole m.o..k:es 1t P03&1cle to cons1der the 

d1mens1on of а p1on а ав а dlstвnce Ъetween the pa.rt1cle3 and ant1part1oloз 1nto wЫсЬ 

& p1on v1rtually d1вэоо1аtез. Due to strong nucleon 1nteract1on the orosэ зect1on of pion

P1on 1nteraot1on would Ъс: 

0RR ~:fa'· (22) 

Thc d1зtance а may Ье e:;Jt1mated from the mass difference of :r-~ and Ji
0 
me:jonз. It 1s 

9 m0 (m0 1s an electron mass). At the samc t1mc 1t 1s а d1ffercn~e between the electromAg

net1o energ1eз of а cha.rged and neutral P1on. It eq•.als 

Е ~t с~")' т• д "d.-z,•/3m w· (2)) 

Uere the f1rst term 1э an cloctrostat1cal energy, the &econd one 1е а magnetic cncrgy, the 

numberэ ~ ; р are of the oтder o:t а un1t, т 1s the total ma.вnctio moment of а nuoleon 

(tm1~2). Putt1ng лЕ•9т,с'wе t1nd a,Jlifмc thercfore, б11t, :>$•to·':,,.,,,. 
The ooeff1c1ent of thc P1on Gbsorpt1on К (r) ma_y Ье approx1matel,y wr1tten 

K('ZJ~6hfr' f!(Z) 
(24) 

where rt ('~) 1s the p:1on density 1n the nucleon 11atmosphere". In thc reg1on ot tlte one p1on 

gtate n(Z)"'~~fii)(the taotor З/2 takes 1nto мcount the preoence of neutral mesono). 

The ourve к ('l) 1s plotted 1n F1g. 2 caloulated b;r the data of ТаЫе 1. At th1s we 

0
-2) , 

put б_ц =5·:/ ет. 

ТЬе curve ,; (r) oaloulated Ь;у the exper1mental data for Р1оnз w1th вn energ:, Е • l.)Bev 

an4 к• 5 Dev accord1ng to tbe opt1oal model (crl51) 1э Qlso plottcd there. 

Аа 18 зееn the agree1oent ts roцgh. 

However, оnв could hcU'dly e:xpeot а better agreeruent s1ncc 1n the reg1on 'Z :: 0.2 + 1 

the compos1t1on of the nuoleon "atmospherc" 1з not reduced to the one P1on stвte Y1hereaa the 
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exact compo.s1t1on "1, 0:) 18 not knnwn. 

In thc reg1on r ~ 1 the valucs k (т) obtained Ъу the opt1cal model 3re vвry doubt~ 

ful. 

Therefo~e, for the determ1nat1on of p1on-p1on 1nteraot1on the exact meaзurcreent~ of 

the d1ffract1<>nal p1.on ::.catter1ng on nucleonэ at sr.iall angles эееm to Ъс very 1mportcint 

and prom1.s1.ng. 
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Blectro1nagnet1c structure of а nuoleon; а -thв structure of а p:ro

to.::i; S -thc нtrцс tш-е of а neutron. The sol1d сш•vе showв the d1str1-

but1on Qf an l!lectric ch&rge 1n а proton &nd ncutron; the dashed l1ne 

shows tt1e correзportd1~ distr1but1on ot an electric cмrge 1n oorts of а. 
proton an,! neutron 't in the un1ts of t./r,y; • 1.4 ·10-1·\m. d('I.) and 

JJ.(2)-1n the un1ts 11 ( т:с) 
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Sol1~ curve shows the ■ean coeff101ent of p1on aЪsorpt1on 1n а nucleoA 

l'i•K(i) for Е = l,З веv. Dashed curve -tl,e оме for Е • 5 Bev. Po1nt

dash l1ne ohows the values 1<•K("l) calcul"ted эtaгt1n~ from j(?-)=_f/?->:,P.m 
'Z -1n tho un1tз of io-13cm; К(~) -10 tlte un1ts of 1013cm. 
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