
…

|…
|…

|…
|…

|…
|

250     240     230

.|… …
|… |… |… |… |… |… |… |…・ |'

190     180     170     160     150

‖
…|… |… |… |… |… |… |… |… |… |…
110     100     90      80      70      60

'|''''|''''|'1`'|::::|:'''|'1::|::::|:1::|::[[|[[[:|[:[:|

50      40      30      20      10      0

|…
|…

|…
|…

|

130     120

ilesons and l','ucLear Forees

b;r H.i,dei':i llul<a;wa

i'Totadays j.t r-ls :';s1-.1--l;16',,v4 'tha-t, the::e is a-n intina-te eonn:ctj o"./Xf bet'^,een the

.';trrct'-tre of atornic nuc]-ei arrd- t,he existence of a fa:rli.]..v of pa.rticles l,noirm a.si lresons.

'ilthough "re 
do not ysl lra.ve the fina'l- pJ-r.e:ir€r to the lri.est:!-ons /f relatecl to rnesons a:rcl

nuclei, i.re notic.: *,liat.^,re c?me nearer t,o the goal d.re to the remarkab_'l_e |rogress in
nuclear nhysies since 1932, rvjren the neutron wa.s di-scovered. Up to tirat ti-rne,

pit;rsicisis liaci u-sed to srq)pose that the atorrde n'rcl-eus consist of protons and dl
e.l-ectrons. llo-,'.tever, if lie sLar"t'fr,rm such a nod.el :*ncl apply.,iuantrr::, nreciianics, rvhich

proved to be so suecerJsf'.:r.l- j-n'lhe entire field of a.tomic physlcs, to problens of

the nrrcleus itself, r.re encounter jnrnecliately a nuinber o:f serj-ous clifficrrliies.
For examl-rle, -.ve know fron!,!$ the analysis of the molecular speetra tha-t the n-i.irogen

a l.
nttcleus Ti'i-'F has s1ri.n 1- -i-n unj-t-s,:f ancl obeys Rose-llinste'r-n sl,a_tist,i_es, -,;rbereas

tire rbove rnodel predicts tha.t it shoud. have ha.l-f in'beger spin and obe;r Ireyp1- Dirac

statistics, becatrse it consists of an od-d nnilber of part,i-cles, i. e. 1lt protons ancl

/ electronst ftW/Y, eaeh of ,.'ihich has spin /? and obe;rs Ferrli-Dir.ac statj-stj-cs.
A11 tftis and sirnila.r clillficr:-lJri-es ri-isapoearecL a.t oncerlrhen ntrvsic.!-sts acl-opted the

n(:l'v ilyioothesi-s tlrat a.t raLc nriclei- eonsistecl of nucleons, i. e. protons and- neutrons,

iro'bh of '*hich had sirin / f/2 arrd obe;rerl Fen"ni-lirac statistics. Thuse for instanee,
11.

"ld'-Lr 
consist's of an even mtnber of nucl-eons, i- . e. ? protons ancl J neutrons .

0n t,he otirer hancl, ho",,'ever, the necessitiy of i-ntroductj.onof specific nuclear

f'rreesl iuhicli cou-lcl not be redticed to el-ectrornagnetic forces beb,veen chargecl irarticles,
becanle tnore obtrious. Even in the o-.l-c]-er nodel for the nueleus,'tire electrostati-c
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attracti●11 1,otireem el_ectrol■ 3 3■(]prr)tons tl■1・ned out to l)e l■1lch too sinal]_ to accouFit for

し11●  cl■Ornlous birl(11_ng energy of the llllc]_el,s.  For exanp].e, tlle billding energy of thc

l

alpha―  Parti C■ e 21FOと
|夕

 :vhicll 「 as 311■ )OSed しo cOnsist うf folll・  prOtOlis 〔l_r■l t17)e■ ectrons,

lTas ,lorF●  than 50 in lilnit,s of :nら c2, .rhere ■  ls tlle resi′ l,13ss Of tlte ol・・ctron, |「 1lil_e t,1le

e■ectrostatic e/1el,gy beLl,een a iroton and an el_octl,c)11 
■mOllnte(l orl■ y to :■eC2 at a

4i st,ILce e2/meC2。
1、 ,:? ]_o~・ 3c.li Tf ic alol,t the nell「

r■ode],the argwnents for the

oxistence of 3Pecific nuc]_ear forces of■ on…el ectr●コagneti_c origin〃 be怯健en mc■ ea邸

hecane l■ore convfr_cilig, because r'rot01lS I■ lst repo■ eacll cther erectric(11■y, Ifhi■ e

rlelltrons aire e]_Octrica]_■y nelltral 1  3ollll 11le proton :tnd tllc l101ltr011 12avo ■ag:lotic

■101■entri, bllt t1ley are ■luch too srla■ ■ to cOntril)llte atヽ oreciabl=′  t.(ぅ  tlle l彗■c■ear bindi_ng:

1長3w it is clear tilat the ′〕1)et]_fic nlヒ cl e■ 1l fOrce,i ,1'e to l)e effec ti ve ollly IIllen

軌,o rluc■ eorls are at a distanco or a F、 P, t,il■es of ■0~・ 3cll t_l〕「 le、3S froll(ち ach oLhere

.is Et i■ attF・r of Fact, since 19■ 1, ヽヽ「llerl ■■tllerfoFd llar, c●・‐c■ llllet‐i froln the scattering of

alPha-1)art,icles b)r atOns tl]e nllc]ear stlヽ uctllre, it has lDec1l recognized that the Co]_ol11)

I」

=Ily■
.IIttllttlttL11。]楊享疑nTttIC=…

聯

`絲̀ e a vew shOrt range oF ule or(ler of■

o~・
3cn,in order to account for the rttid

illcrease of the l)ill(li ng enellgy fror1 2:? Iザ [eV fOr tine deuteron to 28 1leV fOr u■ e

a■が1おpどtic]e.On the ouler hand,the binding/″
/∠ノ energies Of ηuclei heavier thal

ilhe a■pha…partic■ e do nOt increase as ra¬ id■y as if they l,rere prOporti_ona■  to the square

of the l■ ass llll■bor ハ, i e ee tlle rivだ her (〕 f nucleons i_n eacll ntlc■ eus, bllt t1ley are in fact

aol)roxl,■ately l)rol〕orti`〕 n■■ to A itselfo  Ъ is indicate‐l that nuc]_ear forces are saturated
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l'.,hjch ra.s nrlcessaty i-n orcl.e:r t,,; a.t-:c'.,i:.Lrt for t1,",i3.tr.;:i1a.t,ion of nuclear forces ir-rst at

.irhs 3.1pira-irartic1.er.,rhil-e the ercharrge fo-roe cf llejsenberg type:'ias t'c lle saturated

a1-:,^sac1,;,; aL tlie (1cr.ttl1rcrt. Tn orrler to rei,rove't,hese clefect:r, llrore $elitlral tyr:'es cf

rnr?scn fielc'ls incl-nc).i-r:g verltor, p6eu,losea.7.a:r a:r,l pser-r-,lovector fielcls i-n a.dditi-on to

tlie sca1ar f,i-elcl 'rel.e eons-'rrl.ereil by v':::i-3'1-1.i; 6qr.r-tho"-.(t) ,4r. pa.rti-c-':1ar, i;he \tec|)T

fiel-rl -',,-as investigatecl 1n cj,;tailr rna:in1y }i,3car-lse:i-t cculcl gi-ve a cciir'l"ririation of

exchalge forces cf iieiserrbe::g ancl l'ia.jo::a-na t-l,.,es'rith correcrt signs anci co'-r-l-rl fr-r:rtir'er

accor-rnt for fhe anorlal-ous ina3rietic rnonelts irf the neutr,tn utt,1 t?le 1,'Totolf iual-itatively.

Fitrtherriio::e, tlte vectuJr '.heor11 il:ed:i+terl tire existence of llon-centra-l forces l:et''reeu

a. rreutr.on alcl a.)ni:)tot), si,thir+* y,trc t/l4fffy\ 1rc.nel, si;ate rf the deuieron:re.s tc be a.

nrixtru.'e cf tri.i-r'l.r:'r, S and'bi.ipl-et, 1-) sl,a.tes. Tiis i-npl.iec!., i-tr tr.t1'or tha.i tl-re,:hargey'
'- _'i

distrj.bLrt.ion in the deutr:?orl -':a.$ r:oj; 3p11*"i-ca-l-1-v- s;nrTrir:',,1'ier"l:ut the rlensi-ty'ta.s t'c t-re

1ai:ger -in the clireci,ion:j, r:rhisll ,,iasj lrerl.'e1,'i.'ic'.r.1-a.r: tci ',,he rji:recfi-on tf iJ-re restiltr*rt

spi-n. In other li'orcls, tire electrj e :iuarlrupi:1e rrtctiir--nt' of t'iie <J'e''-rt'c;'on rilas to lle

negatirre. iitf,irever, acortrrli-ng to t}..e exper.j-nent }>y Rabi errd othr:r.(3), it ''ra.s icno'iilr

to be itos:itive. For tirj-s re:rson, bl-re.recior tlieorly iina.l.l-;,r gave 1r1ace to the

psencJ.oscalar thecry, rvhich ga-ve t,he ccr:rect sign.,s itoth for rtucJ.ea:'fortre.'l a:rd- the

,1uadripole rlorient of thelt"ot""o,r.iit) Trt.arry case, it not:i-ceable 1,hat the non-centrai.l

irart o.fl the nu:-cl-ear irot,r-:iitia-1 ,,'ii'iich lis '-rsua11y car"--l-ed tensor force, i-s of the sane

orcler of r'nagrl.i.tude as the cerrtral forc:e, r,iliereas, i,n i,he case ,rf i;he / elect,rottiagnetic

interaction, ,,he cenf,rai force ,rhri.,:h ,'ra.s rlerj-vecl froli -bhe Corr"-'l-onilr poter-ltie.1 ivas

pred.oini.nant,

There'vas atrotlier. fea'bu.re of nr,r.r:lear foreesr,vilich l,ras tr-l be a-ccounted for i-n

solne wqv,rr o'bher a.s the corlse,-luence ef l11fison theory. l{a-inel-y, the r"es,-rlis of

eX1,.,-]rjpsnts o1 -fhe :,ca.t.tsji,1g of p.,:,ttons by ptot,rn,: at high enerrj}r up to a few IJlr:V

iir,-iir:atec.l. bhat 1-,ire ],y1re arr,:i rnagrii-',,ucie of iorces

3r)pi'oxirrrair:J.y a.rr,i at -'l-ea.:r-h in s.iriEll,qrt !-sta'i;et

a.ncl a. rretttrot:, a.1:ar'; frorr, iite Cc,-:..1.o:ttt, .l,irce i,n
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the charged mesons, them " the neutra■ mesons wlth tto nass either exactly oF

appromate■y oqua■ to that of the charged mesons.  They ttust a■ so have the intoger

spin, obey Boge― Elnstein statistics and interact with the nuc■ oo■8 abOut ag stFong■ y

as the charged mesons.

This assmption obvlous■ y increased the nmber oF arbitrary ●Onstants in meson

theOry, which cOu■ db● so adjusted as to tte With a varlety oF experinenta■ fects.

These e=perimenta■ facts cou■d not be re3tricted to thoge oF nuo■ oar physics in the

narro「  sense, but was to inc■ ude those re■ated to cosmtc rays, because w● expected

that mesons cou■ d be created and amihi■ ated due to the interaction betwoon matter

and COttO rtt partiC・ es W・thenergieS       cl:rthlllx8:il:孤

0order oF■00 MoV.  In fact, the atscOve=y(

reys in■937 by Anderson att Neddomeyer(り )was a ttat encour電 oment to rdher

devo■opents or me80n theo=y.  At that t■■e,we came natwa■ユy tO the conc■usiOn

that the rlesons Ⅵhich constiturted the ma■ n part or the hard eomment Or cOα miO rwS

at s●a■●▼●■was to be identir10d with the コesons which爾●re responsib■e For nuc■oar
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Jqst as thcy interect rltb / nueleons, thc only dtfforonce bclng the snalLness of thc

oo岬■ing constant g9 h籠 iS Case compared礎慟 g.恥 S a pOsltl“ (“gttiF)“
8∝   =Ю

')     計

can chang€ spontaneouslg, i-uto a posLtLve (negatlve) electron and a ncutr'ilno' 
=- 

80

Accordlng to this as―ption,the prop●r■iFeatlme,■ 。0.the nean■ ■fo‐ t■me at    =90

rest,of the charged 8Ca■ar neson,For instance,is giVen町              詳Ю0

When the nesOns ere meving祗 th the ve・∝ ity▼,their mean・ife―t・3‐e lncrease3 by a     
妻

110

factor                    due tO the we■ ■―kn-1

A■thOua tho spontaneous decar and the velocity l

ray nesOn3 80ened to cOnfirn the dbove agsumptic

bet“en thooretiお a■ and experlmenta■ ▼a■ues for

intention of meson thoow Was to acoomt For 樋 o

III and v together.  Hor― r, the coup■ing const

gi7e the Co― ct resu■t For the beta― de●■y, t―

tho ■iFe―tiコo      Or the ordOr OF ■0~88●C● ,7hi

va■uo 2■0 6seco Moreover,there were ina■ Oat■ons,wh■ch Tere by nO means in faVOr  三 190

of慟●麒pectation thtt cO鑓 c ray mesons interacted strongtt w■ th nu●■∞ng.FoF    ≡
=200

0Xe■o,the Obse"ed cro38-SeCtton oF scattorlng or eo銀 c ray mogons r w nuc・・ i    ≧
‐ 210

WaS EuCh ttnller than ttatデ ″ Obta■ned範 ●oretled貯 。                  三

Thus, a■ reacy in■9L■ , th● identificat■on of oOgntc ray ttesOns with theコ esOnS,       ≡
~220

=230

==―
-240

=%0
‐ 260

肇
■ 270

ト

許"0
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which were supposed to be rospos■ b■e ror nuc■●T force● , b●eane doubtru■ 。  T― ma

and sakata(8)p`vros.d in ■9L2 th● f01■― g口odification or megon how3  The mesCng

Th■ch constitute the hard cowonmt or● osEiC rays at se8■ 070■ ‐  nOt dir● ctly

connected w■th moloar foro●8, but ar● prod如o●d in tho upper atmolが h●ro●y the d●Cay

Of heavler mesons whleh interact StrOngt With nuc■ oo■s.  HOFeVer,we had tO W■ it For

a Fer years unti■  ■9L7,When twO ▼●
=y i口
portant Facts were dis● o▼orOd and 800口 ed tO

ooflm th above ho― meson      ■ rもt■y,it was dls● o7ered by ltJ lan

physicists(9)that the nogat■ve masong in oo並 e rT8,■hiCh had been captured ly

■ight atms, did not disappear instmtV On aC●Ount of the interactiOn w■th nucle■ ,

but vew orten decapd■nto o■ ootrons in a mean tlEo interva■ of the order of■ O‐
6sec.

11:葛貞還
==li■
rぷ芭l盤。
お
胤 11:   鳳sぱ )

discovered tro typo8 0F mesons in coemtO rarS at the high a■ titude, the heav■●rm^gons

decay■ng in a ve=y short ttme into ■ighter mesons.  」ust beFore tho ■atter diSoOVew,

the two―mo80n hypOthesis was proposed by Marshak and B● the(・・
)ndependent oF the

Japanes● physicists dbo▼ o montionedo  ln■9島8, コo80nS Were oreated artiFicia■W fOr

tho First tlme in 3erke■ey(・
2)and subsequent c=perlments on art■ ficia■ nesons funer

oonf■med the ge“ riメoture Of舗‐meson筋郷
`〃

メthe。ぶ:3)

Ner the fmdmenta■  assunptions■hich are substitu● d for tho origlna■  as_tion

V are as r● ■■crs=

(f) Tlrc hcavlcr nssonse L. Q. -mesons w.lth thr mess n arormd 276 rsct tntcrast

strongtt w■ tt mo■oons頑 ean deev into■ l■tOr m030n8,1● ●● ―mo80n8,and

neutrlコos wlth a■ifo‐tlmo of the ordor or 2  ■0 8800●     ―mesons have integer sp■n

(vev p"bab■y sp■nO)and obeyお 80-E■■8te■n Statist■ ose ney ar● responstb■o fOr,

at ■038t, a part or nuc■ oar fOrces.  Thi8■ ,.because the shapo of nuc■oar potenta■
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9

１０

２０

３０

４０

oonnset d, wlth ttrc atrong Lnteraotlon of-n gons rlth nuoLcons.

(fl) ?be ltghtcr r'sonse 1.. c. ..ao'ons, dth the nesg about 2IO ns arc 1he naLn

eonstLtucnt of ttrc harad. eonponent of oosnlc rrye at sca ler€l and Gan deeay lnto

elcotroas and ncutrlnos lrltlr trhc llfe-tl'nc e lo4see. ftrey havc vrrT probably eptn

1/2 and obey Fa直 ―Dlrac statistioS.As they■ nteract≠ 。■町 Vett W●質 貯 W■thコ
“

■00n3,

thw haVe noth■ ng to do W■ th nue■ear forc● s.

N",if 7o accept th080 aSSmptims together wlth the a88et■"・
V,the"l stenoo

of the neuta■   ■meson inaddltion to the charged   emOSOn is naturtt epectoこ .

Horever, suぬ neutFa■ meSons,whiCh haVe integer spin and inむ
“

t as stronA" Charged

■m30nS Wlth nuc■eons,― t be vett ustab■e,because e"h Of thtt Can dectt lnto tFO

Or thF● e photOns in a ve=y shert tlm● .t・
L) 
五 particu■ar, a neutra■ ■o80n With Spin O

can docar■ ntO tm photons and the■ifo―tlne is hke■ y to be Of the order of■O~・te。 .

OF nay bo o7en■eSs than that.  Recont■y, it becane c■ ear that s―  OF th● ●=perincnta■

resu■ts//Obtttned in BoFke■ey(3)●Ou.d be accOunted rOr.。 ns■Stent■y by as―g that,

In addttion to cheFged ttesOns,neutra■  輌疇sOns Tltt the nas● approldnatew equa■

to that oF charged   aneSOns wor●  created●ァhigh energ nuc■ear●olllSiOns and that

the80 neutra■ mesons decayed into two photons w■ th the ■ife―the OF the ordor oF■O~・
3sec.

Or■eS8.  =huS, the spin oF neutra■ nesons mst bo O。   OtheF eXper■nents in Berke■ cy

轟
n盤
』‰ sis“.艤 協 th■s"靱 tiOn,but■ndtcate Furtter詭■ bO也 ぬ arged and

neutra■  m030ns are pseudosca■ar, a■thoun tho nass oF the neutra■     ene80n t-8 0ut

to be around 2“ コし,whiCh is a ■itt■● ■ess than that oF the cherged   
―口。SO■ t(・

6)

G00ra■ly spealdng, this is■hat we have exp● cted theoretica■y, because the

p80udOSca■ar meson thoow Was kn― to be tho On■y one tthiCh oOu■ d rep"duce

qd■tative■y a■■ the requ■ red properties of nuo■ear forces.
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Howotr,if We go lnto detal■ g,摩 "五nd that憮
)Situation is Stin ve=

unsattsractow. 17000u■d nOt yet"五 "“
慟 O quantattVe agrement betten th00軍

and c=perinent. Ioroover, there tt a― ber OF lmportmt pmb■ms,Wh■
Ch must be

=口030nS and nuc■oar forCes, but are notintimately● Omected with the prob■etts Of

yet ― y lnvestigated.  Among other things,wo dOntt knOr mlch about the neSOns heav■
er

than   ―mesons, 3■thOugh recent expements shor beyond dOubt the exlStence in COSntC

ray3 0f Vew unstab■e meSons,whiCh are mCh heavler ttan   
―meson3: WO ●0■9t knor

yet tthether sOno Of the heavler ne30nS COnabute to me■ oar forco3 at Ve=y ShOrt

distances apprecin■y.  FurthemOre, the present Form oF Fie■d theo=y inc■
uding■o80n

theo=y as a pa,ticu■ ar cago ■s nOt free frm the diVergence difFicu■
ties.  10日 On theO=y

has changed a gpeat dea■  during these SiXteen years. NeVerthe■ ●●
g, We dh・ 1l prOb■ ly

have to go throuビ h another roマtョCt,bgore wo shnll rina■ly 銀 ▼O at the comp■
ete

understand■ ng of tho nuclear struct""e and Of a great varl● ty of phenomena ooCurring

in high energy region.
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