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｛o-9 I-IidekiYuka、 va

was tne〡   IaPanesePhySicist
tU、Vin七heiWUbel prize

1σ4TheYukawaHyPUthesisandPiUns
In19詛 śhUrtlyaIterthediscUveryUf七 heneutrUnˊ theJaPanesePhysicistHideki

Yukawa(.Fig16一 η hadtheinsPiredideatha七 七henuClearfUrcescUuldbede-
scribedbyan&nalUgueUftheelectrUmagnehcΠ eidThiSΠ eldwUuldhavequan-
亡athatareanaIUgUustUPhUtUns′ andthenuclearfUrce′ withits re七 ardatlUn

effects′ cUuldbegeneratedbytheexchan8eUf七 hequan亡 aUftheneld HefUund

跙::l︳誠:;七︴另機抎葚鈺料機℉尸唧 UftllecU㏕ Umb

y(r)=一g2
exP(一 uε r/方

)

(16——9)

wheregis sUmecUupIingstrengthanalUgUustUtheelectricchargeε  This re-

sult reducestUthecUulUmbfUrm、vhenu=U.Theran8erUUfthePUtenual is
dei㏑edtUbethed6tancewheretheexPUnentialfadUriallStUl/句 that抬′

(l←8)

ⅣVecanunderstandtheassUciatiUnUfarIlassu〝八ththerangeif、 veusethe
energy一hmeuncertaintyrelatiUn.Avirtualquantumrequiresthe〃 bUrrU、ving〃

UfanenergyUfatleastuε 二 ThiscanbedUnefUratiIneΔ t≡ 方/uε
2during

whichthevirtualquantunlcanPrUPaga七 efUradistanceUf′ atmUst′ εΔt=方 /uε

ThatdistancematchesPreciseIy′ U Ifu=Uˊ therangeis innnite.

ThePUtenhal inEq.(1σ 〞)is knUwnas亡 heYukawaPUtentia1.YukawaPre-
dictedtheassUciatedquanta′ SubSequentlynarnedPi￣ IlleSUnSˊ UrPiUns(sym＿

bUl泛 edbyπ )Heestimatedthelr massbyitsassUciatiUnwithanexPerimental
valuefUrtheran6ethatcamefrom theknUt.7nPrUPertleSUfnuclearfUrces(see

chaPter15)ˊ namely

1U5× 1U一
∥

J.s
=U.3× 1U一

rkg≡
32U〃4

(1.2× lU15m)(3U× 1U8m/s)

Inener茻 ㏕ ts′ //Iπ ↙ =163MeVYukawadⅡ nUtsPeciㄅ tllesPinUfthemesUn′

buttheParticlehadtUbeabUsUnˊ sinceitwaseΠuttedbyanucleUn/andanu-
cleUnremains in thefinal state(.Fig.16-9).NucleUnshavesPin l/2ˊ sU七he

meSUn rllus亡 haVeintegersPil、 .An封 Ugy、〞i亡hPhU七UnSSuggestedthat itwUuld

havesPin l′ whereaSsiInPljcitysug8es〔 edsPjnU.

方
一〃

=勺

CUmParisonUf
theshaPesUftheYukaⅥ u
PUtentialθ

x/xandthe

coulUmbPotential1/x

Γevilman

diagramcUntainingavertexin
whichanucleonenutSapion
andbecUmesavirtuaInucleUn

=
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ElectrUScUpe

V:ctorHeSS(1883— 1964, NUbe｜ p〢ze1936)andTheodorWu︳ f(1868—1946)

┬hesephys︳ cistsd｜ ScUveredcUSm｜ crays ︳n191U┬heUdUrlArV∥,aJesu｜ tCU∥ e9e

teacher︳ nVa︳ kenbur9, theNethe〢 ands, madeaSenslt︳ vee｜ ectrUscUpe (VVu︳ f’s

e︳ectrUscUpe) ｜twas knUwnthatsVchan instrument,afterbe︳ n9char9ed,s︳ Uw｜ y

︳USt itSchar9eanditwasbe︳ ievedthatth︳ svvasdvetU「 adiat︳ UnfrUmtheea「 th

｜twas knUwnatthet︳ methatradiU-act｜ V︳ tyWUu｜dd︳ schar9esvchan｜ nstrvment

llVu〡 faSkedthe 
「
rench phyS｜ c︳ StLan9eV｜ nfUrhe!ptUdUthe eXper︳mentatthe

tUp Uf the 匡∥fe｜  tUWer ┬he resu〡 t, carefu∥ y ana︳yzed, vvas Vnexpected: the

e︳eCtrUscUpe d｜ Scharged mVch fasterthan ant︳ c︳ pated 9︳ ven the absUrptiUn Uf

radiat｜ Un bythe a｜ r!

An e〡 ect「 UscUpe isaverysimp︳ edev｜ceUfwh︳ chthema︳ n partcUns︳ stsUf

tWUCUnduCt︳ng ︳eaves Whencha「 gingthis setupthe ｜eavesvv︳ Ⅲ repe｜ anUther,

and they Ⅵ↙｜Ⅱ spread Uut, aS 〡n the p︳ ctvre ︳f a charged part︳ C〡 e passes by,

knUck︳ n9 Uff e｜ectrUns frUm atUms: the resu︳ t｜n9 ︳Uns Ur e︳ ectrUns dr｜ ft tU the

｜eaves, thereby d︳ scha「 g｜ n9them, andtheyfa∥ back

鬥eSS decided tU investigate the ︳ssVe in a systematic manner He started

UffW︳thSUmeeXper︳ ment︳ n ameadUw｜ nV｜ enna. ︳n U「dertU9eth｜ 9herVphe
becameabaⅢ UUnist,tak︳ ngWu︳ f’ se｜ ectrUscUpeto he︳ ghtsUfuptU5km After
SUme8刊 ights(sUmeImesunmanned),afewUfthemat ni9htandUnedV〢 n9

a sU〡 arecⅡ pse (tU e︳ iminatethe sun as aSUUrce) he estabⅡ shedthatat h︳ gh

a︳titvdes the effect was strUnger than nea「  the 9rUvnd, cUnc｜ Vdin9 that the

effectvvasdvetUrad｜ atiUnfrUmUuter space M︳ Ⅱikanenteredthef｜ e︳ d︳ aterUn,

and hav︳ ng a better sense Uf pvbⅡ c 
「
e｜ at︳ ons cU︳ ned the name cUsn┐ ic rays

(rep〡 acin9 the name v∥ ra-rad︳ ation) Atf︳ rst, Un the basiS Uf h｜ s Uwn eXpe〢 -

mentS, MⅡ ︳ikan dUvbted Hess’ s resv︳ ts, bvt ︳aterUn he tu「ned arUund, and ︳n

factbecamemUreprUm｜ nent︳ nthepub∥ ceyethan Hess ┬heSwedeshovveˇ er

recUgn︳ zedthefactsandaWardedha叮 Ufthe 1936 NUbe｜ p「iZetUHeSSfUrthe
diScUVery Uf cUsm︳ c rays (the Uther ha︳ f tU AndersUn) Perhaps they shUu︳ d

have inc｜ udedWv︳ f
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(19U7—1981)   (19U3￣ 1969)

il l 1932 
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changecharge.In(b)and(c)
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Anyquantumthatmnbeexchan8edcU㎡ dalsUbeexPectedtUbePrUduce巨
asaPhysicalParticle山 nareactiUnⅥλthSu“icientenergyThiscUndiⅡ Unset惢各

stagefUrexPerilnentale“ Urts tUPrUvetheeXistenceUfPiUnsbytheirdireci

PrUductiUn.VVhenthePiUn、vaSdiscUveredin thelate194Usˊ exPeriInents

shUwedthatthesPinwasU.The                             yUf
ⅥUMeV/′′remarkabVclUsetUthe                   arge
fUrnlsˊ π

+′
πU′ andπ一

′
、
vhicha11Uw                             nu-

cleUnsandanunucleUns(.Γ ig l6-1U).

TheYukawahyPUthesishasan imPUftancethat transcends itsdirectaP＿

PlicatiUntUnuclearfUrces.CalculatiUns in relativisticquantummechanks一
thecalculauUns thatuseΓ eynmandiagrams——shUwthat                .

anyPartiεlethat isexcllangedbytwUParticles(.Γig.16-1U)gives risetUa

fUrcebehveenthetwUPar位clesand

theUnlycUnsistentwaytUcUnstruct lnteractiUnsbetweensetsUfParjcles

isbyPUstulajngtheexchan8eUfsU〞εParjclebetweenthem.
It isunderstUUdthattheeΠussiUnandabSUrPuUnUfthePar位 clebe㏑gexchanged
must nUtviUlateanycUnservajUnlaws. ΓUrexamPIe′  π → 〃 +π 一 and
π
一

十 〃 ┤>Kp才 山hUcctJIlulemteracuUnlead㏑ gtUthereac位Unη +p┤ >′ 十 91

(.Fig.l“1U)arePeΠ nis釭bleˊ whereasK-〉 〞 +π +andπ ++p一
〉 K′ eachUf

Ⅵ汙tchviUlateschargecUnseⅣ auUnˊ arenUt、 IfthelatterreacjUn、 Ⅳerea11Uwedit
wUuld㏑ -aⅡ Uwthe(fUrbidden)PrUcessK十 K→ 〃 十 u

TherewasabhefandinterestingdetUuralUngthewaytUthediscUveryUf

PiUns:ParjclesfUrwhich99Iˊ ≡ 11UMeVwerediscUvered㏑ cUsr㎡ crayS㏑
19S-afterYukawˊ ssug8eshUn.AlthUughthdrmasswasabUutr圮 htfUr山em
tUbePiUns〞 rneasurementsUftheirabsUrPtiUn inInatterShUwedthattheydid
nUtlnteract strUnglyenUughw北 hnucleitUgiveriSetUthenuclearfUrce.They
wereanewandunexPectedParticledubbedtheInuUn′ symbUluWhenule
PhysicistI.I.Rabi且rstheardUftheInheasked′

〃WhUUrderedthat?〃 Ittumed
UutulatmuUnswerejustⅡ keelectrUns′ UnlyheaⅥe4andthattheyhadve,Ⅱ

一
tletUdUwithnuclearfUrces.Weshall seelaterthattheyneverthelessPlayan
imPUrtant rUleinelementarYParticlePhysics.

—
γ
╯
v
〝

、

↖
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WU︳fgang(P:eflPanofsky(1919) P〡 efcreatedtheStanfUrd└ inearAcce︳ eratUr

Centre, and deve｜ Uped a 〡︳near e｜ ectrUn (and pUs∥ rUn) acce〡eratUr S└AC is

arguab〡 y the mUSt successfu〡
 part〡 C｜ e phyS︳ Cs 〡abUratUry, 9enerat︳ n9 three

NUbe︳  prizes Hewas S└ AC directUrfro m 1961 ti∥  1984 ︳ WaSthere in 1963

dvrin9S└ACsbu〢 d︳n9phaSe,and︳ wasdeep〡 y｜ mpresSedbyP〡 ef’s｜ eade「ship,

knUW〡 ed9e and 〡nte∥ igence

巨ducatedinPrincetUnandCa︳ tech(PhD),hepalt｜ cipated〡 ntheManhattan
PrUject (atUm︳ cbUmb) and alteraper｜ Ud in Berke〡 eyjU｜ nedthe StanfUrd ∪ni

versity facu〡 ty ｜n 1951 He very mVch inˇ U︳ Ved h〡 ｜ηSe∥ in armS cUntrU〡  issVeS,

and remains an impUrtant ∪S 9UVern mentadv〡 sUrtU thiS day

Hisachievementsare ︳mmense, and herece︳ veda｜ ar9enumberUfdistinc-

tiUns ︳rUn︳ ca∥ y nUtthe NUbe｜  prize

Hisfather, Ξrw㏑ PanUfsky(1892— 1968),WasamUstfamUusGerman art
hiStUr｜ an. Be︳ n9 JeW｜ Sh, hef〡 ed Nazi Germany in 1934 andafterashUrtwh∥ e

Went tU the ｜nst︳tute fUr Advanced stvd︳ eS in Pr〡 ncetUn He had anUther sUn,

Hans PanUfsky (1917— 1988), a｜ sU very inte〣 〡9ent, whU advanced the under-
Standing Uf c︳ ear︷ ar turbu︳ ence and the dispers〡 Un Uf pU∥ utants When bUth

sUns stud｜ed at PrincetUn ∪niverSitythei「  inte∥ ｜9ence waS qu︳ ck︳y recU9niZed;

asUneUfthemappeared sⅡ 9ht〡 ySmarterthantheUthertheyweredubbedthe

smartand the dumb PanUfsky

Pief,be〡 n9inMunich,wasUnceaSked︳ fhewantedtU9UtUSUmemuSeum
〣e anSwered: my father Uften spent hUurS eXp｜ a︳ n〡 n9 p︳ ctures tU me and at

sUme pU︳ nt ｜ dec｜ ded nUttU see anV mUrp nf︳hpm
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6一 一→ 名′

一

名�

一一   力 → p一 ‘

一

v                   一 一

＿＿    π
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＿ ＿刀U〞刀╯ J4a〧θ

國立清華大學物理系 (所 )研 究室紀錄



分 類 :

編號 :

總號 :

QUANTUM MEc∥ AN】 CAI′ PARTICLES
QUANTUM MEcHANICAL PARTICLES

+

QUANTIZED EM  FtELD

∥ULE THEURETIC QED
He︳ t︳er l944

Vˊ hec〕 e了——FeyΠ Iη an

Feyl〕 man l94I

HeiSent,erg

S-、6ai「 i* 194〕

1la∫ s RenoΠηa︳ ization

Kramers ︳938, ︳947

Schw,,inger 〕947

(a/2元 )

Relat︳ vi‵〔ic

LaInb Shifl

Calcllations

Sch、 vii〕 ger ｜q48

RENUR、6ALIZABLE
QUANTUⅣI FIELD THEURY

FEYNMAN 】949

THEURㄚ  UF PUSITRUNS
QED, DIAGRAMS

Fig∪ rc〡 2
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總 號 ;

197U (C°∪πcsγ °f下
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∩�
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na3a′ vΛ c〡mor副 ′∪∩〡̌crS亡 /° fTS∪ k∪ ba)

┐UTomona3d
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編
-j;9〡

i.:

總號 :

＿ a加 t〞 r工
.ε ′́ 乃 匆′́

一   口r屁〞〞〞U刀θ九c紐 �  刀」
一
6片 ㄊ9 〞  ́t葹‘t�t  ＿＿＿

ˊ

〞〞 K〃 ㄌt

一

多

◢
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總 號 :

名θ t6Γθt′ .

劦 ε 4U內 ε∫ t σ′〞 θ′ .ε ′拓 ′tatt@乞  ta↙ C“L出 LU名
一   p●         

、

t↙ε‘t′U刀 巧 θ↙╯  6θ tθ‘JF.在 9 U′ θ ↙〞θa士εˊ 田 Lth

＿ ＿ ＿     4′  t.J 乙 Ⅱ ′ 仁 ′方 比 9′ tb刀 t.● θ〞 aθ 左力 比 Vt′力 〧

t刀  ́/L′6′ t＿

—
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分 類 :

編 號 :

總 號 :

巨rneSt St● cke︳ berg von Bre:denbach Zu Bre︳ denste︳ n und Me︳ sbach

(19U5—1984) ┬hiSbri∥ ｜ant physiciStWhUintrUdvcedtheideaUfbaryUn nUmber

(asweca︳｜it tUday)didsevera〡 thin9SthatWereNUbe｜ prizeWUrthy;ashe

pVb｜ ishedmUs∥ y㏑ arather｜ naccesS︳ b｜ ejUuma｜ (Helyθ rJcaPhys,cha月 εfa),and

mUreUver nUt ｜n 巨ng︳ ish, his WUrk Went ︳ar9e〡 y VnnUticed 〢e Su99eSted a

f｜ nite ran9e fUrthe nuc〡 earfUrces (NUbe︳  prize tUYukaWa, 1949) and he a〡 sU

deve｜ Uped a fUrmv︳ at︳ Un Uf quantum f︳ e〡d theUry as a〡 SU dUne ｜ater by

「
eynman (see Chapter9 Un partc︳ e theUry)

St● cke︳ berg SVffered frUm cyC︳Uthymie ┬h〡 S 〡eads tU manic depressive

per︳Uds, and he had tU be hUspitaⅡ zed periUdica∥ y ｜n his ｜ateryears he was

a｜waySaccUmpanied bya︳ itt｜e dU9thatwasc︳ a︳JnedtU betheretUgu︳ de him

hUme ︳n caSe he ｜Ust his Way ┬he dU9 waS a｜Ways preSent When h｜ s master

9ave a Seminar, and ︳ have actVaⅡ y w︳ tnesSed that the dUg answered tU a

qVestiUn frUm the pVb｜ ic ｛in fact, frUm 下 D ∟ee) with a shUrt ba「 k Whi〡e

St山 cke｜ ber9 jVst watched

VVheneverSt● cke︳ berg traVeⅡ ed hetUUk a︳ Un9 aH Uf h〡 S bUUkS and pape「 S

that he mi9htcUnceivab︳ y need ┬h︳ s ︳ed tU a ｜ar9e numberUf heavy and bi9

SvitcaSeS and trunks fUreven the smaⅡ eSt Uftrips

︳nthebUUkbyR CreaseandC Mann, 了〝θSθUUr9dCㄏθaflUr9,Unpa9e14U,

there isavery n︳ ce inte「 v｜ evvW︳th BarUn St● cke︳ berg MemUrab︳e isUneUfhis

Da「tinq wUrds ｜n that ｜nterview:“ VVe ∥VetUU ｜Un9”

國立活華大 學物 理 系 (所 )研 究室紀錄



分 類 :

編 號 :

總號 :

245

n:chard Feynman (1918— 1988｝ ┬hemUst︳ mpUrtantcUnt〢 buuUnUf「 eynman.

in myv︳ eⅥ ,́ ︳shis intrUductiUnUfthed︳a9rammethUdnamedafterhim, andthe
theUret︳ ca｜ tUU〡 , path 〡nte9ra︳ S, that he deVe｜ Uped Trv〡 y WUnderfv｜  vvU「 k

Part Uf the fUrma︳  theUry assUciated With thUSe d︳ ag「ams was pvbⅡ shed
befUre, ｜n 

「
rench, by St● cke｜ be「9︳ntheSUmewhat inaccessib︳ ejUVrna︳ , Hθ 19e-

rIcaPhysJca月 εia ┬h｜ s inc｜ udin9theideathatapUs∥ rUnmaybev〡 ewedasan
e｜ ectrUn 9U︳ ng backwards ︳n time (this ︳s baS｜ ca〣 y the ｜dea Uf crUss︳ ng) ︳t ｜s
un∥ ke｜ythat「eynman kne1.vUfthatWUrk, yetWhen he ︳earnedUf︳ thedut︳ fuⅡ y

acknUw︳ ed9ed that ︳n his papers ┬here are sUme anecdUtes assUciated with

that, nUt necessar︳ ｜ytrue

Un the evening Uftheday (in 1965) that 
「
eynman ce｜ ebrated h｜s NUbe｜

pr︳ze he received a｛ e〡e9ram durin9 the party:“ Send back my nUtes, p｜ ease”
,

S｜9ned St● cke︳berg  AccUrd︳ n9 tU my Seu「ce (vnpvb｜ ished b︳ U9raphy Uf
Sω cke｜ bergbynuthWen9er)theUⅡ ginatUrUfthejUkeWasGe｜ ├Mann.︳ asked

Ge∥-Mann if he had sent th｜ ste｜ e9ram, buthe deniedthat, add︳ ngthat itwas

a n︳ce ︳dea.

VVhen 
「
eynman, after receiVing h︳ s p「｜ze ︳n StUckhU︳ m, gave a ｜ecture at

C巨 nN, GenevaI he was afterwards ｜ntroduced tU St● cke｜ ber9  He asked
St山 cke︳ ber9: 

“Why d︳ d yUv  nUt draW dia9rams?”  TU wh︳ ch St● cke︳ berg

ansVVered:“ ︳ had nU drau9htsman”  St山 cke｜ ber9, a︳ waysthe perfectgent︳ eman
and ve「y cUnsciUvS Uf h｜ s stand︳ ng as a barUn, apparent〡 y fe｜t ｜t be︳ Uw h｜s

di9nitytUdraVVthUse simp｜ e f〡 9Ures himse｜f

「
eynman Was a very charm〡 n9 pe「sUn tU ta〡 k tU, and he vvas a 9ifted

teacher.We∥ -knUWn are h︳ steXtbUUks Un physicS, and hecameve「 y mvch in

the pubⅡ c eye in cUnnecIiUn w︳ ︳h h｜
。
 n。 ′︳ :n ‘‵︿   .」   .
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分 類 :

編號 :

總號 :

〣ansA Bethe
(19U6-2UU5)

」u〡 ｜anS Schw〡 nger

(1918—1994)

VictUr「 VVeisskopf

(19U8—2UU2)

Fig.12.9 Bethe、 Schwing㏄  :〝nman andWeiSskUpf(withstudell+

J BruteFlench)cakul乙tedtheL&mbshi北 independellt⋯ durlllg1947一

1948,usingrenUrmalizatiUn七 Ucirctlmvent the “ultraviUletcataStrUphe﹁
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編號 :

總 號 :

巨nergy

UeV

-34U

s
一。

r
b
○

P＿ Urb｜ ts

○○

｜
LambSh︳ ft

437× 1U￣
6eV

-136
GrUundstate

V↙ i〡 ｜s巨 └amb

(1913一
)

Po〡ykarpKusch

(1911— 1993)

Fig.12.7 Lambshift(1lpp㏄ panel)andanUmalUusma即 Ⅱ icⅢ
。
mell+Uf

etctrUn(lU〝 rF一 〕pa,nel) TheLambshift isduemain小 .tUthediaerencein

sel全 eneΥgyUfa,nelectrUn in the2Sand2PstatesUfhydrogcl1:al1dal11UuntS

tUUnepaΥ t inaniliUn. ThedI掫 ingin lU〝rerpanelShU〝 πsanelectrUn in

aciIculaΥ Urbit inaunifUrn1lliagneticneld, a,ndits spinI)recessesabUut

thelllagneticneld AccUΥ dingtUDiractheUry,thesetwUpeliodiclllUtiUnS

shUuldbeprefectlysynchrUnized DuetUtheVertexcUIΥ ectiUnl上°ⅥteVeΥ ,the

╮』agneticf〡 e〡 d
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一號
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分

一
編

一總

Astfa1l山北werenUtenUugh,anewclassUfParticles′ dubbedthestrange

ParHclesˊ wasdiscUvered.3TheseParticleswerecUtlnterPartSUfthePiUns′ the

nucleUns′ andtheUtherresUnanceSlnvUlv㏑ gPiUnsandnucleUns′ buttheydif-

feredin thattheirPrUductiUnPattemsrequiredtheexistenceUfanewlabe4Ur
quantuⅡ1number,sUmethingsuggestedbytheAmericanPhysicistM.Gell-
Mam(.Π&1“ 1‘ )andtheJaPanesePhyskistK.Nis㏑ 啦ma.丑曲 newquantum
labe4thestrangeness′ wasasSignedsUthat itscUnSeⅣ auUnwUuldInakethe

PrUducjUnanddecayPatterncUnsisten:-inInuchtheSamewaythatba,Un
numbei isassigned.ParucleswlhnUnzerUstrangenessaretermedstrange

競 ∴:玉良矜I皂Γiλ芳器萍,電tlecalledthe′
u‘ aca,㏕ Greek

｜ecays lnaPattern siⅡ ﹂lartUthatUfthe

Δ,that is′

ΛU→ ′+π一 ←←9)

Ufall thePrUducjUnanddecayratesUfstrangeParticleS.
AsthenumberUfParticles′ strangeandnUnstrange′ 目℃w,PeUPlebe8antU

lUUkfUrwaysUfexPla土 ungtheirPrUliferatiUn.

國 立 活 華 大 學物 理 系 (所 )研 究 室紀 錄
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分類 :

編號 :

總號

一

┐〕U

Abraham Pa:s (1918-2UUU) Pa｜ s, the authUrUfthe bUUks mentlUned ︳nthe

intrUdVctiUn, WaS a very accUmp∥ shed phySicist tb9ether w｜ th GeⅡ -Mann he

pub∥Shed apaper intrUdVcingthe idea Uf part｜ c｜ e miXin9 丁hiSVvaS incUnnec-

IUnW∥ h′θ一KUm〡 xlng,aVeⅣ cuⅡ UussyStem〡 ndeedWhen prUduc︳ ngaK。 忙

wUu︳d after awhⅡ e becUme an 1。  and the Utherway arUund ︳n the end this

resU︳ veditse｜ f︳ ntoacUmb︳ nat︳ UnUftwUmiXtUres,caⅡed Ksand Kt.┬heyhave

VerydⅢ erent prUper∥ es;Ksdecaysqu∥ equ〡 Ck｜y,wh︳︳eKt｜ ivesmUch︳ Un9er

Pa︳ s ｜ntrUducedthe ｜deaUfaSsUc︳ ated prUdVct｜ Un, Which ︳S｜nfactthe ︳dea

UfaneWquantum numbernUVVca∥ edstran9eneSSwh｜ ch hadtUbecUnserved
in aⅢ  bUt Weak interactiUns ActvaⅡ y, SeVera︳  Japanese physicistS pub︳ ished

simi︳ a「 ︳deas at abUutthe samet︳ me.┬ h︳ s ru︳ e exp｜ ains Whycerta︳ n part｜ c︳ eS

werea︳ waySprUduced㏑ pairs(Unew比 hStran9eoess+1,theUther＿ 1,SUthat

thesumWasU),g｜ venthattheinltia︳ part︳ c︳ eSwUU｜ dhavenUstran9eness.┬ h︳ S

waS generaⅡ y the caSe, beCause p「 UtUn and nevt「 Un have stran9eneSs zerU,

and the new partic︳eSWere Seen ︳n cU∥ iS〡 UnS Uf prUtUns With the p「 UtUns

Ur neutrUns in a nUc｜ eus

Pa︳ S,Jew︳ sh, ︳｜ving ︳ntheNether!andsdurin9WUr︳dWar︳ ｜, bare｜ ysurv︳ Ved‘

Hewas re︳ easedfrUmjai︳ jVStbefUretheend UftheWar, afteran appea︳  bya

VerycUu「 a9eUvs｜adyarmedwkha｜ etterfrUmKramers tUHe｜Senber9(WhUd｜ d

nUt｜ nte「vene).Perhaps thecUmmand︳ ngUf∥cersawtheendcUm㏑ g,reasUn

fUr a 〡en〡 ency extreme︳ y ra「 e︳y Seen. A fr｜ end Uf Pa︳s, arrested at the Same

Ⅱme,WasshUt

國立汗華大學物理系 (所 )研 究室紀錄
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編號 :

總號 :

22U

Lu:sA︳ varez (1911— 1988) AfterG︳ asercame vpw汁 h the ︳deaUfa bvbb︳ e
chamberA｜ varez was qu︳ cktU rea︳ iZe the pUtentia〡 it︳ es Ufsvch an ︳nStrument
VVith cUnS｜ derab｜ e energy he put himse︳ f tU the taSk Uf bui︳ din9 bubb｜ e

;::翠t:K:n舞 ⊥ 氀 ║眾 比千ξsp︳首tc:i。怒 :早:╮ :l∥:U枝｜薃 :pd封 咢
Berke︳ ey he started cUnstrvct｜ n9 a then re︳ at｜ ve︳ y 〡ar9e hydrUgen bvbb︳ e
Chamber(1Uinch=25cm︳ Un9),w∥ hwh｜ cha︳ ar9eamUuntUfphys〡 Cswas
dUne ┬heyd｜scUvered manyUfthepart︳ c｜ eSmentiUned｜ nth︳ SseCtiUn A〡 varez
rece｜ ved the 1968 phySics NUbe︳  prize

︳n a svbsequent darin9 step the Berke︳ ey 9rUup vvent Un tU cUnstruct a
much︳ argerhydrU9enbubb｜ echamber(72× 2U× 15〡 nch=183× 51× 84cm)
fUr the then ｜ar9e sum Uf $25 mi︳ ｜︳Un ┬he prUb｜ ems Were hvge: ｜qu｜ d
hydrU9en (Ur deuterium) had tU be kept at a temperatVre Uf ＿25U° C, and
themagnetsurrUund㏑ gthebubb〡 echamber︴ wasvery｜ar9e(1UUtUns,using
sUme2MegawaⅡ stUpUwer∥

)

┬he f｜ rst ve「 y S〡 gnif︳ cant resv︳t Ubta｜ ned with the 72-︳ nch chamber was
due tU PevSner and his 9rUup at JUhns HUpkins ∪niverSity ┬he chamber
(Ⅲ ︳edw7hdeVter︳ vm)wasexpUsedtUabeamUfp〡 UnsfrUmtheBevatrUn
(a 6-GeV acce｜ eratUr in Berke︳ ey) and phUtU9raphs were taken and sent
tU JUhnS HUpk︳ nS ┬he reSu〡 t was the discUvery Uf the η, which partic︳ e

cUmp｜ eted the UctetUfmesUns aS deScr｜ bed ︳n th｜ S Chapter
┬he re︳ atlUn UfA｜ varez w汁 hthethend〡 rectUrUf └BL (└aWrence Berke︳ ey

Na∥ Una︳ └abUratUry), 巨dwin MacM︳ ｜｜an, dete〢 UratedtUthe pU㏑ tthat it︳ nte「

fered vvith the physics dUne SU itgUeS
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編號 :

總號 :

ThediscUve〃 UfPiUnsin thelate”4UscU㏑ cidedwithareturnUfmanyPhys｝
cistsfrUmdefense-relatedwUrk inWUrldWarII′ andtheir succeSSesbrUught

withthemanaⅡ UnalcUIntni七 ment tUthegrUwthUfscience〞 ㏑clud㏑gsuches-
UtericneldsaselementarYParticlePhysics.ThecUnstrucHUnUfaccele了 atUrSUf

evei㏑creas㏑genergyaΠUwedanexPlUraHUnUftheinteractiUnsUfPiUnswith
nucleUns.Alreadyin1952theelasticscatter㏑ gUfπ +byPrUtUns(ananaIUgue

UfCUmPtUnscatter㏑ gUfl琣htbyelectrUns)” eldedan㏑ tere就㏑gPhenUmenUΠ
The incUΠ 〝ng PiUn and.the PrUtUn fUrIned a new 〃

Particle〃  Uf mass
l′232MeV/ε

2′ whichthendecayedback intUaPrU七 Un(UrneutrUn)andas㏑ gle

PiUn(.Πg.1σ4砂 .Thet℉ arucle〃 wasnUt stable,indeedˊ its lifejmewasex一

ceed㏑glyshUrt.Unecanth旅 abUutsuchParticlesbyanalUgytUSPectralhnes
inatUms.Γ UrexamPleaPhUtUnimP㏑ 8ingUnUneParticle(thegrUundstateUf
hydrUgen)〞PrUdu〔 es〃 anexcledStateδ fhydrUgen′ whichthendecaysbacktU
thegrUtlndstate.If加 r‘ theexcitaⅡ Unenerε》the∥ ghtulat‘ eΠu廿edhaSaie-
quencyr士 ΔrandanmergysPread2力 Δr(theⅥλdthUf七heSPectral line).A

′
   ΓevtⅡnan

diagralnsfUrtheformatlUnofa
Δ

+十

Particlein thecUⅢ sionUfa
π+andaProt。 n.TheΔ十+bearS

someresennblancetUule
〃
cUmPUundnucleus〃

describedin<=haPterl5.

、
、
口
、
、

國立清華大學物理系 (所 )研 究室紀錄



缸
一卵
一分

兮

一
編

一總

一
一
二
三
┤
=
一

二
三
一
三

σ(π
十
〞＿)π

+〞
)

Ecm(MeV)

aPPears in theshaPeUfthecrUss sectiUnfUrthe

reacⅡUnπ
++p→

π
〦
十p TheinlialcUlIisiUn

PrUducestheΔ
十一

Particle′ 、
vhichexiStsfUra

timeΔ tdeterminedbytheenergyuncertain奶

w㏑ch凹 ecall the〃 width〃 (hereabUut

12UMeV)in thlscUntext.

(a)              °b)          ;

‘      TheexistenceUftheΔ Par● cle

is indePendentUfhU、 vit isPrUducedˊ as    一

撇 搽i蟲拶:£r點覾

一

(1刉 MeV)(1.6× 1fl13J/MeV)
=5× lU￣

24s.

轟:::::::::::::::::::1::得 :::::〔:::::f::見 .發出芝裫 考:::::營紮

器:甘驟 比含另:胛緊︴#幫野捷
:鶗

唾t棩忌掰
(.Γ ig.16-13)′ sUthatthelifeumeis

lU5× 1U￣
xI.s

方
吒 =正 =

Ⅲ s lifetineis sUshUr——smallerthanthetimeit takeSaPhUtUntUtraversethe

diameterUfaPrUtUn┤ hatUneis reluctant tUuSetheterm〃 Particle.〃 Infact

theU切ectis mUrecUmmUnlycalledaresUnance.Nevertheless〞 thedescriPtiUn

UftheΔ ++andits nearly-equal-InassPartnersΔ +′
ΔU′ andΔ

￣
asParucleshas

muchjustincat㏑ n.FUrexamPle′ theΔ
’shaveade丘㎡tesP㏑ s=3/2.MUre-

Uver.theycanbePrUducedinUtherways fUr instance〞 mPhUtUPrUducjUn

andinPrUducHUnbyvirtualPiUns(.Γ ig1σ-14)ThecharacteristicsUftheΔ do

nUtdePendUnhU、 vit isPrUduced.

k士芒今If居:呂:︴毛習裝蒜t:出):污:羊f︴::If｛:電1髽書:黥遮｛言:;肯
andp)andhassPin landmass〃 p↙ ≡77UMeVT㏑sParticledecarPi
mari圩 ㏑tUaP缸rUfPbnswithΔ E≡ 15UMeV← Πg.1“1D.

The〞 width〃 UftheΔ
十十

一
       Thepmeson is

PrUducedin thereacHUn
π +nucleUn→ p+nucleUn.
ThepdecaysqmcklytUaPair
ofPiUns.Theenergy
dis㎡buuonUfthehvoPiUns in
thennal stateshowSclearly

thattheyarethedecay

PrUductsUfasingleParucle.
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戽′〞π 一Dt′θ′  J士a4zj′t6

V′

′́ Z  θ′′ ′
.dm/′

′  必D‘U“ ∫V出 ′J′〞
θ

6￣

ˊ

r劦〞↙  ︷ 3二↙ tj〞4〞ˊ)      
﹉一

′ 工去6片
一
” ,尸 =片 一污
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編 號 :

/    
一

一  (./9629
——     〞

ˊ=θ 銠́

國立清垂大學物理系 (所 )研 究室紀錄



π
一
π

￣
 ＿”引圮佐

一＿＿＿  ∠6σ 劦 σ atˊ 6〞 名θJJ.z力 /→ ′́ ∠j′
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分 類 :

編號 :

總號 :

j㎡′′

一

尼〞 打
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分 類 :

編號 :

總號

一

TABLE1●

Interacti。 n

Str° ng

ElectΓUmagnetic

ⅣVeak

TypjcaI

cUuplingconstant

θ
2/乃ε∼ IU

ε2/力ε=一�
∼ IU一

’

∼ lU￣
45

TypicaI

crosSSectiUns

lU￣
2‘ cm2=lU4ub

1U￣
2’ cm2=1Uub

IU￣
38cm2= lU￣ 8ub

Typical

Ifetimes

lU￣
23sec

lU一
i°

sec

lU￣
8sec

AsuΠlInaryUfthecUuplingsin thevariUusinteractiUns isgiven inTab】 e1 1

田立活華大學物理系 (所 )研究室紀錄
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-

一   〞̌ ta危   =〞
一

——
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一
編

一總

號
一號

一

tε tFε έ́  Ú tε  θ ′εJo〞乙“乙t

ε&匕切 t臼比y力ε比已t比 a加 Γ劫.ε夕牡,扐 幼U&ta6空 tjθ

′山㎡ Jt㏕  θ乙堅 t′′6I t切 ′EΓaF′tV死 .

一       r

一一    刀
。
漸 山 a劫 用 Jθ ηˊ 〞 “ “ “ 拖 J加 易 羽 U〢 七ㄉ θ′y〞 旆 n

—
— — —

—
— — —

」 L∟ ┘ ╘ ＿ ＿ 互

一

┘ 乙

呼 全

年

一
生

早 生
男

王

� ′

6上
工 工 ﹂ ┘ 立 乞 2土

一

◢ 生 生 生 生 生 生 生 里 ﹂ ┘

一

生 」 ╧ Z生

早 生

多

∠ ⊿ ╘

— —

＿ ＿ ＿ ＿ ＿

— — —
—

一   “ 加 t力v〞 J絆
先 u╙ 粵

幽 並 立 幽 甡 魆 扭
他 午

一一

一

一 一一    ft ttaJJ」 匚止 Z一 〞 么 &㎡ 摡  拓 羽 J● 」t〞 刀 t﹀ 協 〞 ε 4∠‵

一                                        一
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分類 :

編號 :

總號 :

協 ).

山 tp′加p╯〞Jε ṕ′′U,必πa匆「 夕́ 羽 ˊ 4
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分 類 :

編號 :

總號 :

tη 夕́JJ

U〞′ U拐ε6加  弱 ε 巧
.〃

」t a〞 pat扐 肋 己 夕 日 〞 〃

-—
— — — —

—
— — — — —

— —

至 ┘ ╘ 生 」 生

=乙

匕 “ L包 Z一

。

/Ω

望 t工 L＿ ＿ ⊿ Z位 ∠
一

┘ 生 旦 ＿ 」 左 包 山 ∟ 」 I望 tV∠ 1＿ ＿ t乙 工

�

。

↗

亞 生 ⊿

千

一

′

tL￣ at」 ＿ ＿ ＿ ＿ ＿ ＿ ＿

′θ́ vtε  ↙U t左′tε �

一＿ ＿   r几 ′ 地 〞 刀J多 屁 妞
.〃

a奶 ω ′ 劦 易 θ ω 〞〃 ε ′ 劫 ε

一       力.r打 肋 e多 Z●〞θ6 J伍 FJ協 加 ′             ＿ ＿

一

一

— —

—

— — —

」
∟ ┘

為 名

一

立 生 ╯
迦 口

∟

」

午 尸 勿

∟ 至 ┘

穸 召

疼

m⊿ ∟ 望 止 ﹂ ＿ ＿ ＿ ＿ ＿

一
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分類 :

編號 :

總 號 :

為′

′E∠雄 ╯ rU  ′′〞t  t卜an‘ 己́∠栩 .

p器
L忍 :︳古l:F黖 fI↑

。
tETRY)

〔︳N 
。
VANTUM ⅡECHAN︳ CS。NLY〕
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分 類 :

編號 :

總號 :

TABLE12

｜ In｝ eraction

﹂

B(bary° nnU)
L(Iept。 n no)

′(is。 sPin)

Gf-paHty)
∫6stΓangeneSS)

P(ParIty)

ClchargecUnJugati° npaΓ iy)

CP

C° nservedquantity E︳㏄tΓ°magnetIc ｜ VVeak

Yes

Yes

N° (ΔJ=lUr吉 )

No
N° (Δ∫=I)
No
No
Yes(butlU￣

3v︳

。

lati°n

inK° dccay)

YeS

Yes

Yes

Yes

、

es

Ycs

Yes

Yes

YeS

Y
e
s
Y
e
s
M
Ⅳ

Y
e
s
Y
e
s
Y
e
s
Y
e
s
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分 類 :

編號 :

總號 :

TΓanSFUrmation Conservcdquantity,o【 eigenva︳ ue

Spacedisp︳acement

T︳medisp︳ acemen:

Spatia︳ Γotation

Space︳ nveΓ s】 on

Rotat︳ on:n:sosPin space

Chargcco可ugation

U｛°〢ugat㏑n

GaugetΓ ansfUmation

Momentum
Energy

Angu︳ ar momentum
PaHty,± ︳

Isospin

C-parity,土 1 .

U-paH6y,土 1

ElectHcchaΓ ge,ba,on numbcr,

】epton number

′ㄙr力′′′′p ′nⅡ′′./.′ r:′,, 刀́Vr
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統一統

〞＿」  tca加θ↙斑ε4ˊ Jt山4ε ╯  ́          σ

一

日U  〞 ∠′ .φ
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編號 :

總號 :

frPt加,刀      ε
￣     U.歹 ˊ́  Jt泌伍  〃  U

ÚJ.7 ZZ.ˊ U￣ U  
一

 ́ U

ψ .J

石′        t￣     2́θ洋 (6.ˊσ
’́U U 十́    r一

-
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編號 :

總號 :

〃 比乙 羽 泛  Γ

。

●mS〞 打 ′ 劫 泌 &t

′r十 ˊ=J →  r工 ′

——

..︿ .J＿ z6U)一 ′
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分類 :

編號 :

總號 :

ㄑ● 工

—

＿ β=ˊ → J=U

<U)工 U′  β =ˊ
→ J工 .′

ㄑ

一                                     ′9’

二
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′′t㏑Γ方Vv,.

′ ftt-「 t

﹄ nθ 刀↙̌ ˊθtUvˊ 伍  內 e涕 ′兇tmc血 tη     歹 )ˊθ
r̄tε

6

rㄑ Ú.′毛竹ε
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分 類 :

編號 :

總 號 :

工 ＿ ＿ 立 一 #→ 刃 十 ′

上   ＿ 工   工

J  θ θ  U 
一

′

◢〞  -ˊ  ́      ́    U

ˊ

∠.   ˊ U    一′

69        ˊ

U 去

′́θ  6′ ′
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分 類 :

編號 :

-:99〡

:.一

rv)  ⊿
一

千＿→  〃 ′ 十〃
一

尹泛

J θ  ́   ́ U ⊿J=′

K9   -ˊ     ˊ

J 〦     上

一

ˊ -′
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分類 :

編號 :

｛

一

〡｜怎::i:｝ ;｜
i:‘

:

〕9U

BrunU PontecUrvU (1913— 1993) and Me︳ v︳ n SchWartz (1932) PUntecU「 vU

has had essent｜ aⅡ y aⅡ the ideas fUr neutr｜ nU experiments He Ⅵ́as the f｜ rst tU

th｜ nk Ufthe SU-caⅡ ed ch︳ Urine-argUn methUd fUrdetectin9 nevtr︳ nUs (inc｜ uding

neUt〢 nUsf了Umthesun),andhea︳ sU｜ntrUdVcedneutrinUmix〡 n9(in 1957) ┬he

ch︳ Ur︳ne-ar9Un methUd Was pvt ︳ntU p「 actice and further deve︳ Uped by Dav︳ s,

WhUdemUnstratedthatreactUrantinevtr︳nUswered｜ffe「entfrUm neVtr︳nUs, and

whUdetected neUtr｜ nUsfrUmthe svn (NUbe｜  p〢ze2UU2)

┬he ︳dea fUr neVtrinU experiments at the big mach︳ nes is due tU bUth

Schwartz and PUntecU「 vU SchWartZ Went Un tU dU the eXper｜ ment, tUgethe「

W｜ th└ ederman,Ste｜ nberger, GUu〡 ianUs, GaⅡ ｜ard, Mistryand Danby└ ederman,

SchWartZ and Steinberger rece｜ ved the 1988 Phys｜ cS NUbe〡  pr︳ ze fUr th｜ s

〡andmark eXperiment

PUntecUrvU, a deVUted cUmmVn〡 st, a｜ ready pU∥ ticaⅡ y act｜ ve ｜n the thirtieS,

mUved tU ∩vsSia in 195U in a SUmeWhat fu9｜ t｜Ve way He was Une Uf thUse

sc｜ entistsWhUWere b︳ amedfUrdefect｜ ngtU nussiatak｜ n9 a︳ Un9 atUm｜c bUmb

Sec「ets ︳nhiscasethereis nUtrη vchSubStancetbthat;heWasneveraCtua∥ y

㏑VU｜ VedinWeapUns researchHeiustbe｜ ︳evedincUmmVn︳ Sm︳ gvesshepa｜ d

the pr〡 ce.

SchwartZ ︳ater svggeSted beam dvmp eXpe「 ｜ments at SLAC, and he had

︳nfactashUrt run HeshUwedmeafewpictures(dVbbedMe︳ UnsbysUme｝

attheⅡmeUfthe1971 AmSte「 damcUnfe「 ence,andtUme∥ was｜ mmediate｜y

c｜earthat he had Ubse「 Ved neUtra︳ current nevtrinU eVents CUnf〡 ｜cts w︳ th the

SLAC directU「 ate (PanUfsky) ︳ed a sUmeWhat embⅢ ered Schwartz tU ︳eaVe

phys︳ cs, and he sta「ted a successfv︳  e︳ectrUnics cUmpany caⅡ ed Dig︳ ta｜  Path-

ways PersUnaⅡ y︳ be∥evethathewasabetterphysic｜ Stthanbvs︳nessman He

iS tUU hUneSt

田立汗華犬孕物理系 6所 )研 中宜幻他



分 類 :

編號 :

總號 :

Leon Lederman (1922) and Jack Ste︳ nberger (1921) ┬hey shared w｜ th
Schwartz the 1988 NUbe︳

 p「｜ze fU「 the d｜scUvery Ufthe muUn-nevt「 inU at the
BrUUkhFvenneut「 ｝nUexpe⋯ ment
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分 類 :

編號 :

總 號 :

Tsung DaU Lee (1926) and chen N:ngYang (1922).┬ hey sharedthe 1959

NUbe｜  prize fUr their WU「k Un par︳ ty V︳ U｜ at︳ Un ┬his cUncernS the behav｜ Uvr

Uf phys︳ cs ︳aWS When cUnsidered thrUv9h a m〡
「
rUr ┬hus dU tWU SetS Uf

exper︳ ments, and Ubserve the reSV︳ ts d︳ rect〡 ㏑ but a｜ sU, independent｜ y, in a

mirrUr ┬he qvest︳ Un is whether the ｜aWs dedvced frUm sVch eXperimentS

W︳ ∥ be the Same. ┬hey ana︳ yzed the SitvatiUn aSSumin9 that thiS ︳S nUt SU,

and ︳ndeed it is nUt VVhen Ubserv｜ ngthe decayUfa p︳ Un at rest︳ ntUamuUn
(and an ant︳ neUtrinU) the muUn spins in a｜ eft-handed waya｜ Un9 the d︳ rect︳ Un

Uf mUvement ｜n Urdinary space, WhⅡ e in the m｜ rrUr Une Ubserves a muUn

spinn｜ n9 in the UppUsite 
、
vay.                                     .

Lee andYang cUⅢ abUrated ti｜ ︳ 1962, When they brUke apartfUrreasUnsUf

the｜ r UWn ︳n my Upin︳ Un the sVm WaS better than the tWU ︳ndividva〡 ︳Y, an

eXamp︳ e Uf syner9y ┬hey had just started Un a Systematic ︳nvestigatiUn Uf

vectUrbUsUns(theVVandZUfweak lnteracuUnS),andthereiSnUte〡 ｜ln9hUw

far they cUv︳d haVe gUne ︳n deVe｜ Up｜ n9 the Standard MUde︳ . Lee waS very

strUn9Un 
「
eynmand︳ agramS,WhⅡ eYangwastUgetherw｜ th M︳∥StheUr｜ g︳ natUr

UfgaugetheU「︳es (a〡sUcaⅢ edYang-Mi∥ StheUries) thatare an essentia｜  in9re-

d︳entUfthe Standard MUde︳ .

┬he idea Uf SchwartZ fUr a neutrinU experiment caused Lee andYan9 to

ana︳ yzethe s〡tuat｜Un ︳n precise detaⅡ  ┬heirWUrk, pvb︳ ished ｜n 196U, became

thegu｜ ding︳ ightfUrbUththeCU︳ Umb〡 aandC巨 ∩NneVtrinUphysicists tb9ether

W︳lhMarkSteinfrUm︳ BA●lLeeandYangd｜dUneUfthef｜ rst︳ a「9esca〡ecUmpUter
ca︳cu｜ at︳ Uns cUncerning the pUSS︳ b︳e detect｜Un Ufthe VectUr bUSUnS ︳n a neu-

tΓinUexperiment. NUneWere actua∥ yseen, theyWere tUU heavy
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總號 :

礤

′

㎏1“ 咖1.ll(珀∴C㏑m為㏑m1:l現胖#對I∴::i∫灰√I器
thatdjscUvered】 )aΥ ityviUlation IⅡ )p(

搿 I眾 ║ tl∵ 出 l=打 ::手Γ

=土

t群 甘 ::f遐 認 可斟

attheInstitutefUIA(lval1(edStudy.PΥ incetUn:pUsSiblydiscussingpaΥ ity

viUlatjUn
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┬he「 a〡 o下 Partˇ

」an┐ es、 V́ CrUnin   Va｜ └ 
「
｜tch

｛1931一)    (1925一 )
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屁 J地力J

〃 〃

〃
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Enr︳cUFerm︳ (19U1— 1954) ︳n1934hepUb∥ Shedthefirst theUryUfweak︳ nter-

actiUnS Hemadeanana︳ U9ybetWeenaprUtUnem∥ tingaphUtUn(prUtUn →

p「UtUn+phUtUn) and anevtrUnemitt︳ ng ane｜ ectrUn-neutr｜ nUpa︳ r(neVt「Un 一→

prUtUn+e｜ ectrUn+ neutr︳ nU) ┬hus hetreatedthee｜ ectrUn-neutr︳ nUpairana︳ U-

9Uus｜ ytUaphUtUn ┬his ｜S iΠ factqvite︳ n ︳inevvith mUdern ｜deasaccUrd︳ ngtU
wh︳ chneutrUndecayessent｜ a〢ygUeSin tWUsteps:neutrUn 一→ prUtUn十  眑�

一prUtUn 十 e︳eCtrUn + neutr｜ nU ︳n add｜ tiUn tU that 
「
erm｜  Was Une Uf the mUst

SVccessfu〡 eXper︳ menta〡 phys｜ cistsUfh︳ Sera HedirectedthecUnstrvctiUnUfthe

f｜ rst nuc〡 earreactUrandessent〡 a〣yStarted awhU｜ e nevvchapterUfphys︳csby
StVdying piUn-prUtUn and p〡 Un-neutrUn cU∥ ︳s｜UnS

「
e「 m︳ wasUftremendUus impUrtance tU ∪S physicS aSan edvcatUr ln

1938 he Was tU︳ d by BUhrthat he wUu︳ d getthe NUbe︳  pr︳ ze; since h︳ s W︳fe,

Laura, Was Jevvish, they dec｜ ded nUt tU retvrn frUm StUckhU｜ m tU ︳ta︳ y but

lnstead sw∥ ch tU NewYUrk, where 
「
ermi became a prUfessUr at CU｜ umbia

∪n｜vers∥y He︳ atermUvedtUChicagU AmUn9h｜ s students therewereCham-

ber〡 a︳ n,T D. └ee and Ste︳ nber9er, tU name a few ┬hvs a｜ so th「 Uu9h h︳ s stv-

dentsdid 
「
erm｜ have atremendUuS ︳n∥ vence Un phyS〡 cS ︳n the ∪S

Fig.9.l Fl° ⅢjA⊥ axM(ll t(｝ 〕〕(〕 」A〡 )(li相 」gaug〔 theU‥ .

Chen＿ Ning一Yang(1922一
)

國立清華大學物理系 (所 )研 究室紀錄
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分 類 :

編號 :

總號 :

TheauarkMode︳

WhattUdU?UneiscUnndent incallingcertainParticleselementaryUnlyas
lUngastherearenUttUUInanyUfthem.TheveEγ e兙 s七enceUf1UUcheΠ icalel-

ements suggests thatatUmshavean tlnderly㏑ gstructure.ThesearchfUraPat-

tern in theParucleswehavedescribedwassPearheadedbyGeⅡ -Mann.The

endresultwasaPictureinwhicha11thehadrUns thes七 rUnJyinteracting

States′ all thestates、 vehavedeschbedthusfarexcePtthePhUtUn〞 theelectrUn′

andtheclUsePaⅡ nersUftheelectrUn一 arecUilStmCtedfrUmasetUfbasicbuⅡ d-

㏑gblUcks:thequaIksandtheiranⅡ Particles.4

3AterInsuchaSth6resP。 nds㏑ aw㏑msicalfas㏑ on tUaneceSSiVLaterln thebookwe′ ll meet

others:coIor,nav。 r,charrll′ andsoforth Suchterins refer,for theΥ nostPart′ t° some七hingthat is

eitherexactlyoraPPrU必 matelyconseⅣ ed YUumightsaythatweneedawordtoexPressacUn-
seⅣaHonlawfUrsomethingwehadnotearⅡ野

seentUbec。nseⅣed;如 ywordfUrtheconseⅣ ed

quantiVwⅡlseⅣ ethePurP° se.

.η迎 W。 rd〞 quark〃 wastakenbyGc,lrMamfr° maPhrase㏑ JamesJ°yce′ snovelΓ jπ π‘gaπ s㏑幼炫.

blaZedtrails inalmUsteveiy

area。 fthatneld

國立清華大學物理系 (所 I研 究室紀錄
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編號 :

總號 :

V〞′  V〞σ
一

一′   中U   

一

′              -ˊ    U   中′

＿′  θ  十r  θ
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分 類 :

編號 :

總 號 :

Fig. 16.4 Tllelast pieceill intUplace: ill 1964‵ tlfUlnegalllinuswas

dl㏄ llxγe僰dattheAGS(AltelⅢ i+㏑gGradic一 liSynclⅡ Utron)a｜ BrUUkh朴「en

NatiUnalLabUratUryClUckwisef1.Ulll left:十 〔,all1leallclNi(hola,sSanliUs:the

ClU〃 l)ubblechanll〕erusedfUrdetectiUn:1)llotUglapl〕 UftΥ a,ck il1tlleΥ eactiUn

recUrded;diagla111oi tracks:in、 vl】 ichthe()Inega〕 l〕 intlHis卜 ecnatIU〝teΓ 〕eft:

jllSt㏕ )Uvetl〕 ci〕 〕cidentKlllinus

｝〢I°h出 aS5am｝ os｜ π96rD)

國 立 活 華 大 學 物 理 系 (所 )研 究 室 紀 錄
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分類 :

編號 :

總 :::︴ 9::.:

BaryUnsarecUnstructedUfth「eequarks′ becausethatis theUnlywaytU
makeastatewithB=1.AIUUkatthewaythIeequarkscanbecUmb㏑ edtU
makethePrUPerelectricchargeswUuIdsuggest that

〃=v〞′   and   η=v′′. (16——l1)

AsfarasangularmUmen㎞ iscUncemed′ thethreequarksarearrangedin
cUmb㏑ahUnswlhnUUrblalangularInUmentumandwlhUnequark′ ssP㏑
aIignedin thediectiUnUPPUsitetUthesP㏑sUfthe㏑oUthers.In士uswaythe
nucleUnswUuldhavesP㏑ l/2.FrUmthatPU㏑ tUfview,the〦 statesareeasy
tUunderstand:TheyarethesamesUrtUfcUmb㏑ auUnUfuPanddUwnquarks
asthenucleUns′ butwiththeSP㏑ saligned′ sUthattheΔ 6asP㏑ 3̄/2ParticIe.
FUrexamPle′

Δ
+一 =vvv. 但←立)

Δ++

Quark model

.Π&Ⅲ〕1“1/shUwShUwPrU山 r出mUfuleΔ++stateaPPears㏑
ulequark mUde1.

Strangeba呼 Uns suchaStheΛ UwUuldinvUlveas㏑
gles廿 angequark:

ΛU=∥ s〞 . a6——13)

η 途 Λ
U6alsUasP㏑ l̄/2Pamcle′ sUthesameremarksabUutan伊 ㏕armUmen-

tuInthatweIrEdefUrthenucIeUnsaPPlytUit.

ThequarkInUdelUftheUbservedParticleshasturnedUuttUbeveryuse-
fulbUthfUrclassincaⅡ UnandfUrmakngPredicuUns.EntIeseriesUfmesUns
andbaryUnsareexPlainedby㏑ cludingUrbitalangularInUmentum inthe
wavefuncuUns.UrwecanPredictthatanystatewⅡ hB=UcanbeInade
Unlyw北 hequalnumbersUfquarksandantiquarks′ sUthatsuchstatesInust
haveintegersP㏑ .Urwecanunderstandthedifferences inInassamUngvar-
iUusParticleSin termsofthedifferences inInassamUngthequarks thatcUn-
stiutethem.

dePictl。nUf山eProducH。nUf
Δ
卄

㏑ aπ十
甲 cUllisiUn.The

ann止ulahUnUfthe〞 andthe〞
1SaccomPaIuedbythe
producHUnofvirtualgluUrls′

nUtshUwnhere.

｜二
〢

〡;〡—
｛

1＿
I

︳︳
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分 類 :

編號 :

總 號 :

BurtoΠ  R:chter (1931) and Samue︳  T︳ ng (1936) are credited wlth the

d｜ ScUVery Uf the charm qvark in 1974 ActvaⅡ y, they d︳ d nUt d｜ scUver that

quark, but a bUVnd state Uf a cha「 m quark and an ant︳ charm qvark; the

interpretat〡 Un in termS U〡  a neW qva「k tUUk a feW years ∩iChter and ┬in9

shared the NUbe｜  pr｜Ze in 1976.

日｜chter (and his 9rUup) d｜ d the eXperl ment at S└ AC (StanfUrd Linear

Acce︳ eratUrCenter nearSan 
「
ranciscU) usin9 e｜ ectrUn-pUsitrUn cUⅡ is｜ UnS ┬〡n9

(and h｜ s 9rUup) studied prUtUn cU︳〡is｜UnS at BNL (BrUUkhaven NatlUna︳

LabUratUry, └Ung 〡s〡and) ┬he d〡 scUVered quark bUund State waS CaⅡ ed Ψ, by

n｜chterand Jby┬ in9;tUday it is knUwn aSthe J/Ψ ,

┬he discUvery Uf the J/φ  was precise｜ y What theUry was wait｜ ng fUr ┬he

charm qvark v︶ as theUretica∥ y pred︳cted, but nU Une had expected a charm-

anticharm part︳ c︳ ew︳ththep「UpertieSasmeaSu「 ed ︳twasvnstab︳e,but it｜︳Ved

tUU ｜Un9 ︳t tUUk sUme t｜ me befUre it was unde「 stUUd that th︳ s WaS indeed a

charm-ant︳ cha「 m bUund state, and what prec︳ se︳ y the mechan｜ sΠ┐ WaS ┬he

SLAC peUp〡 e in the︳ r vnmatched PR ski︳｜ SpUke Uf the discUVery as the
“NUvember revU︳ utiUn that tvrned the whee｜

”
. We∥ , the whee︳  had a︳ ready

turned afew years befUre

C巨 FlN fa〢 ed tU d｜ scUve「 the J/Ψ , atthe ｜ntersect｜ n9 StUra9e r｜n9s where 〡t

Was prUdvced CUp︳ Uvs︳㏑ and yUu can vnderstand the tumU︳ tuUvs d︳ scVSSiUnS

atC巨日NaftertheJ/η ,hadbeendiscUvered.︳ tr︳ edtUfindUVtWhUUrwhatwas
tU b｜ ame, bvt eVe「 ybUdy pUinted tU eVerybUdy. MUStUf the WiSdUm Was after

thefact ┬here was a｜ sU m〡 servat 
「
rannn｜ i n.H。 .︵ r小Δ︻ :n ︵‵︷-.︽ -9

國立汗華大學物理系 (所 )研究室紀錄



分 類 :

編號 :

總號 〡

刨叩而d‥ ●g,sⅢ 羊:｝::牲 ;ξ:韋′擇t早

㏕㏑ed曲㎝㎜m㏄ h

heavier 
「
UreXamp｜ ethe I                      me intU ane〡

ectrUn and a

:::║#U跘愁iu:〡甘:出蝨tξ一↓:技『:::片
amuUn卻 dapar㎡

Ia｜  w︳thin the experimental

昨
#:乳怡CUV併yd㏑e㏑umea㏕ b吨 pσSUn刉

為
t｜

早::║::于:懺珵︳慮:磊
:七:熙∥出攏t機鬥“︳躍Υ｜十:㎜甯鉗針卵m㏕Swσebased

UncUnsiderauUnsUfquark miXin9(discussedinChapter3),andattheume
theywere rea∥ y hardtU sWa∥ UW a︳ thUvgh str｜ ct〡 y 〡U9ica｜

┬he︳ ta︳ ｜anphys︳ cistAnt° n︳ nUZ︳ ch︳ch:(1929)was inasenseafUrerunner

b肫 〢 Heh㏕ 日rea啦 ㏒ ㎝ searc㏑ng怕 rne送
t︴羊:::s#Uf穵 I:U#ξ環

a㏕ prUtU喵 CUllldln9W∥ hd:〔

識 da:滯 ｛h:sh:紇 renergVdthe叩 sltrUn-

「
raScati Per｜ , at StanfUr

e｜ectrUnmachineat9LAc一   一

國立活華大孕物 理系 (所 )研 究室紀錄



.即
彈

Sp︳n is rlleintrinsican8ulat momenttlm ofPartlcles

SPin is8iven inuIlItsUf九 ′
、
vhjchis thequantum

uni!ofalngular momentum′ Where方 =h/2π =658
×〕U-巧 GeVS=〕 U5× 1U￣

mJs

Ξ︳ec︳ r︳ cchargeSare8iven inunits oftheProtUns
Cha了geInSIunjts:heelect了 iCChar8eofthePr。 t。 n is

16U× 1U一
I’

cUu︳Umbs

Theenergyuni:ofPar七 iclePhysics js tlneelect〔 Un
v。︳t(e、/),theenergygainedbyoneelectron in

Ct° SSinSaP°七en〔iaIdifferenceUfonevolt MaSSeS

areglven㏑ GeV/ε
2(rememberE=191ε 2)′ Where1

GeV=1U9eV=16U× 1U】 UiUtIleThemass oftlne

PrUtUn isU938GeV/ε
2=167× 1U2’ kg

Atom
SiZe=1U砭 m
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Standard︳Ⅵode︳ ofFundamenta︳ Part:c︳ esand︳ nteract:ons
TheStandardMUdelsumma了 iZeSthecurrent knoⅥ 河edgelnPar● clePhysics Itis thequantumtheorytl,at includesthetheUryo「 strolngin〔 eractions(quan〔 um
Ch了°m。dynamks orQCD)andtlleunifIeduleo【 yUfweakande)eclromagneticinteractions lelec七 roWeak)Gravityjβ ㏑ cludedon thischartbecattSeit isUj� eof〔he
fundamenta1㏑ terachonseveln thoughnotPart ofthe〞 StandardVIUdel〃
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chargefor8︳ uoI╮ s JUstase】 ectΓjcally-charsedParti￣

cles in:eIac〔 byexchangingPho:Uns′ in strUI╮ gjn亡 e「

achUnsco〕 ()r-chargedPaΥ〔ic︳ es jnteractbye× chans-

ilnggluons LePt()ns,Ph° tUns′ and、Λ◤al╮ dZbosons
haveno strongin〔eIactIUnandl� enceinUco︳°r

charge

IfthePtU:onsandneutronSin thisPictLlrewereeach  ReS:dua︳ StΓong︳ nteract︳ on  丁hestrons t.inding
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thehadrons
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