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Sp i n Oper ator f or t he R elat i v i st i c Par t i cl e á

n fA N G Pm gFd 1) RU A N T UN an

( ¾EAST ( World u b . ) , Baj Ö 1Þ 080 , Á im )

( Na m ai Ss¤-d FUtFWE Radtasm u h rasovy aM h §ar umnt of Modern Ph®® ,

UMWWy of Scm ce and Ted notop of Á tF¥ , FH M 230« 9, o zina )

AMUï ò A systØ Øtic timE y d th appzopdate m n oR raô , ¤ the mh uvis6c smtÄ is de« 1.

oped. m s õ ô r ú Øú Ø it m mrtide m e, i . e. , th qtm tm m chamÁ pzobk n. FÁr a mm ive

EYElativis6c mrt ick with aru m w m uè £ sptn , the spin µ m m sbm ld k mpiacd with tk zÊ aM s-

tic one- In the hm u d irmdudble z¬pm m1tatiOn d PotIEÅ± g u Ip, this spm µ m tm , which is

nmned ó IIE Åù , tzz u d appiied m d tk m m icaI statÄ d tlze pert ick - m m ´ ucted- Fm hz

d m m En Þ the m m , t d raovtr¿g sptn in dze @mzt1m Seid É × ® will h foBowed-

EImsa ve mh w istic PE Ude, ¹ u zicd su t² , zm viz¦ ê ÉK ey w£ ,Ês

1 Introduction

i n high e m w phym , the study Þ the lung nat iØ PEOMe n on hig h m ergy pmd um is the
bea s of the z¬liable aZEalyg s d d new phÊm 18 1a. One may d er to the cm prehg Ø ve works[ 1]

made by S. U . Á 11uzg . £ 1 this m bjech Ü Ø wel l k p w n , the ê in d¹ cr ipt ion for per t icb w Ãh

Im a m spin ¹ d pivotad impon 811ce. 11ze can od d su te scizm e is the nat® a1gÉ Ô alia d oa d that

of the nonmlat ivist ic par dele to the mlati vistic case, and i t Ê the basis d par ti al w ave m aIysis w hich

is fmq11¥ tly utain d m a × er imental am Iysis- I n th is genera1im t ion , a Eúlat ivisd c spin operamr m Ä
be m ployed . Pryoe[2] fizst obtained m opÔator m m Iilar form fm n tbe m m mtat iÞ ± at b n

r÷ uim na 1t but w ith øm ew hat aruacid qm m stated by hirm el f - IA ter w ork Þ ncerned th is opera-

tor appÍ Í M Rd s. [ 3 ,4 ] . Howev® , m 1e aznb° 11i t y ei t her Þ the azg m m muon or on th e phys -

ical meaning st il l ex ists - For the impon ance d the topic , w e pï f on zled a systa I18t ic st td y on É Ô

opÔ ab r . W e first clad fied the probla n of quant1zn mecham Ê mEd determined the appropr iate spin

opm tor for a Eüladvisd c ô n ick - H m by we f urther d m m d i t m the quan t 1m field thm w .

Ò Ee d sc1m iozz m th is pepeu how ever is m erely Þ É e quantu n mechaª Á . PE tainirª Ø the

¹ Ä ×Á l su m of the m r uck , w hich am the base of the irzÙ ucibie mpr Ä m tat iÞ of Pomeaz« gm tê

( £ , the spin oper aØ r is oonsm ECted - W e nam e th is opg aØ r m moving µ in d a par t icle ( PM S) .

Ø r azg m g 1tat ion is bÊ d Þ t he bm c Ç uat iom of the m r t k le stam an d the pzopen m of the mpr ¤

Ä m mUon of 9 , and stm iy t his is a str ict one. Ð Ee a te Ø 011 Ø tize zülat ivist ic quant mn f ield thm ry
is left Ø the suh eqIlent paper [5] .
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2 R el a t i v i st i c Sp i n O per a t o r f o r a M assi ve P ar t i c l e w i t h N o n zer o Sp i n

For a part icle w i th mas m and spin s , the stat ic stam ë , Í ) w hich form an irreducible Óô ¤

sg m uon of m tadÞ gzu zp ¥ 1 h charÚCte ized × follow kû
h | ¹ , Í ) = ¹ | ¹ , Í ) ,

j z | ¹ , Í ) = Í | ¹ , Í ) ,

wtEÔe ÷ = ( m ,' ) a d j ¿ = i z ¿ iL . 131e EP tatiÞ for the operaØm is specified M the APPÄÀ ix .

Eq. ( 3) mm m that tiE Conb 1¤s m ley Þ nvm m Ð " opmd ¤ the smtm ÷ × diffg ÷ Í . We

may rewdte Eqs. (2) and (3) mb
i t | ¹ , Í ) = s¢ : | ¹ ,11) i = 1,2 ,3 (or z ,y d ) , (4 )

whg e s; 11 is th ù ² ´ Ø m on maEim ù © s wtzid Em ds sF = Ì ¨ , « = ( sU +

Ø ) /2 , sk l = ( Ø - Ø )ö , Ý le sU = J í + 1) - Í ( Í + 1) 8̈ I M U =

J s( s + 1) - Í ( Í - 1) SFad - 1¤ Ø Fiù Ø L |¹ , Í ) = 0 , j t m Eq. (4) EEE-y k replacd wiÉ Jt .

Fm the abm m u c ô ² å , ³ , tk Ø m i« i sta¥ , w tzid dØ Út bs a mlm viSt ic par ticle ,

is dd nd m foh w s
| p , Í ) E= T [ Q ( p ) ] | ¹ , Í ) , ( 5 )

w lm ü p = f = ( E , p ) is a 4Ì Ä 11m tLEIU T ' IZEè EB the reprÔ É tation of spece»tkne t ram fom 18¤

t ion Þ th m ce d m pu t ick sta¸ , ´ Q ( p ) b a boost w hich charEgØ the nm m tm ¹ Ø Ñ

81À m ds Ä foh w

IE z lö )=!2 m" u|
lm m(m+ Eµ° i j

which satisfimQ+= QT= Qï À Q-1(p)= Q(ä) j wtmeh=bpa (E, - p).

Statï ® À ibd by Eq. (5 ) m orthogonal for diffm 1t p or h m d as the bm for m irreduc-
ible Ópre m tati© [6] d EPRí m the Þ mpletÄ es . Ó ÄIû m the IA Ê 1tz inv¢ i813× , the orthonor-
mali tY EÉ ti02 Ê ¡ , td m i p ' , j | Ñ , Í )c= 8 ( p ,p ' ) Sh j , m d Þ rzë Ofldiù ly , the m npiete-

Im mlat i ² ç j ap | P A J , Í | = 1 IEEtbe Ó e S( ¨ ' ) ==2poS(× - i ) ,while

ap = d p /2P0¤
By T [ Q - 1( p ) ] çÐ ®[ Q´ p µ] ==Q ( p )§ , REgt it is fa rly im pie m m fy that | p , ¨ c is m

eigm çtate of mOEYEÄ tu n ¤
ç 'e| § , Í )cz f | p , Í )e¤ ( 7)

As for the other symbol Í , a proper opm mr Ê EE± ed. Id i ( p ) i = T [ Q ( p ) ] ; tiT [ Q - I (P ) ] ,

then fzw n Eq. (4 )
j ( § ) t | § , Í )c× ; :)Í | § , p k (8)

It is found that i ( p ) i ac² Þ the moviIû é ã | p , Í )E j ts t h the m e Em m er ¿ i t acts Þ

the static su te |¹ , Í ) . What is m u rkable is th t m the foHowÖ we m find that them m m m
operator which acm Þ the d mzm icaJsu tÄ ¿ dd h ed in Eq. (5) exactly in the sane mamw m y
acÊ Þ the static state ³ , Í ) . Fimt ÷ may d ctElate × ×Õlicit e Eprm ion d J ( PY . VEa the
IAm tz tm or sä , we may get after m ne Þ mputati011

mA( Ñ) = §02 - ( m + §£) - l pp -2 - p Á Ð . (9)

Ø vmg Ø Eq. ( 16) m the Appendix , we fom d that d the p m the above equatm m be replaced
with the opemtor h m get m alternate opm m which keeps Eq. ( 8) unchmw d. OT rather , we m
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def ine
d ( ç ) = ç £2 4 m + § £ ) - l b ( b -J ) - b Á ¥ , ( ã }

w hich sat isf iÊ
j ( ç ) ( t} | p , Í ) c = s2 : | § , Ì ) c , ( 11)

m d the c¡ mm taUon ruA«

[ ; ( b ) t , j ( à )j ] = [ J i , ; ( h Y ] = ieä ´ h ) k . ( 12 )

Eq . ( 12 ) eÇ ibits the m uizØ pm p® ty × a spin ä eraw for i ( h Y . Jm t m siu w ed w Eq .

( 11) , it is the µ in operam for a moÐ rª par t icle w Ãh µ h W e cm fair ly cd it t be movirkg × in d

the par dele-

U nd¼ m arbitr ary u m ztz tram form atiÞ L , the Øzmrud smm t r81À orms m follows - T [ L ]

| ® , Í )e = T [ I Q ( p ) ] | ¹ , Í ) = 2 µ ;, ò ] l L § , 11ù , whm k = R ( L , p ) 2

Q- 1( LP) LQ( p ) is the w p er IOtation- " nside iª tlze ¿ ecial a se d m M inim imal mtary

transfonnation, we m y obtm J |p d c= [ - ib ÁHab ² (ç ) ] |§ , Í )c¤Ø ,iù Ø tlze m nplete¤

ness relat ion of the Ê EU nicai states, it is foHow ed that

2 = - ib Á á + AØ ( Ø

111e above Ð uat ion znem ê that wÅ have zmw mdivide the azç 11lar zmÞ m m m opm tor J mm J
= ê ( ç ) + t ( ç ) ÷ × ê ( ç ) = - ib Á M ab - W e may d so give t ( ç ) a nam e , mo riE38 orbital azð U¤

lar d the ô r t id e ( PM OA ) .

Remarks3 Cone luSion

W e have oOIl st rueted the appm priate spin operator PM S for the m lat ivist ic p¢ t ick m the f rmm

of i rreducible mprÄ g zmuon d P. PM S is applim bie to d the cmmniÁ l sfatÊ of the pen ick - In the
m cm dent m per i 5] , the discm ion is g tended to the qó num f ield tbeor y w hich m uits in two new

operatom , ad d qum m m n an d Em ving spin for the f ield sySt e n - M i thÄ e restllÊ m able m a better

m den t anding d the spª , and w e Eç azd tlzg IE± the stan ing point for our endeavor b the spm d -

sis , t he oontm pomry R m le about the µ h of a pm tÞ .

TK authom ar e grateful b p mfs. 2 ó J Y ß an aM E ² N G E EE ï ª m IE P for their suppm

and tmef ul suggÊ t ions- W e d so thazdt PEd . S. U . Á m û k1BN L for l×s Mnd help Þ dEe IÊ eE ch

mat® ials.
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A pp end k
M À ,m tEmz ó md M ¦ U© ¤M ü 'Ø u m Eof a pmt ack  the Ga Ø Ø ± ºs d tP

D isctò ions in thh pep® ar e in t im ately related m JP. A bzt ef mview of Pomear e g¤ ú ra is pzmFide hØt

sq n e notat ion d the paper is also oomprised in É is appendi x .
Suppose a pan icle w i th maÊ m and spin s Ê desz ibed w i th the wavef unct ion Ô z ) , w h« ü z = f = ( 2¤0 ,

2 1 . 2 2 , 2 3 ) = ( t , z , y , z ) - W e tak e the m etr ic tem OT for M EdEow sid spece m ² = 71" , = diµ ( 1 , - 1 ,

- 1 . - 1 ) . Now ped om a m · tm e t ram foETn at ion T ( a , L ) : r H z ' = L T + Á , É m t tze ÷ ve f und m
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é(z ) md m m² ÷ z ) ± WU ) sat h t ²4, Ð ÷ S¶ 'It v I ]Ót P( - a) ]é(z ) , wim a s tIEeô ra21¤

eô foz ttBe µ ece É ne

wn ü

é'(z)=d JÉ, e¤¤iJb,Ôz), (14)
VAzm ù ± 1, m mmemEIEÐ aù ú m m tmzopmm Þ ecdveiy, ± tk gazeam fÆê £
time mzmfq mmon. ù, mmisÊ d me p®²

J P = L , , + j pe = s J w - ó wh p + 2, , ( 1 5 )

. ´ + µ 1 1
w h i l e sw m t h e × i n Ö ö cz d t H s p m ci e . A s m e m 1p te , b d Ee × , c m À ² , s w = Ó z ( ² ¸ - y wYp µ -

1 3 3e Á m zn Et a m us h d ö f ch ÷ µ a m f m l i a r ,

[ è , A h 0 , [ æ , ~ ] 2 4 ( M p - V e ) , [ L , , ~ ] = ¶ , ¼ - ë L w + ð , L , - ® É ) ,

½ , i , ] = [ É , , É ] s 0 , È , ~ ] 2 4 V Ef V " + V , - V ,, µ ,

[ è , J e h i ( , J p - , , ç , ) , [ I , , è , ] = - i ( , , ¸ - h T , , + h T M - ' 1, , T w ) ( T = L , s J ) .

( 1 6 )

h l a s t m l i m d É ¤ e m m in d i ´ e t h a t è is a h m v e c m , ± t h a t L , , , i m M É m d

mpad-UM¹ ÊddEEedmÔç wö ,wiÀ̈̈td}
[ ẃ i¬e ' w ÍJ ]} = - ik fwFäë. ' © wv P , [ ẃ i¬ a , è ]ã = 0 , [ wÔ iþ a ' J~ @J ] =Î i (â ,ØØ111 Fmve v JJ p - 7ç111ô· PW Ẃ , )) . ( 1 7 )

F F F F . n q 1 a j

N e E t , ² ô C m z « r o p ® a m m d d n e d Ä C 1 = M W ± C 2 = W w W " , W H d s a U Ç ä , è l e M ,

l m ] = 0 , ( i z 1 , 2 ) -

F zm t l m Iz g m t Ä u s J , L , L w e m y d e f t n e t k f o t i o w i Eû sp a c e m t o r µ e a m

L t = ª L A = t sÉ ¿ , L Z 4¬ î = 4, Ö , J e = L t + j t ;

z t = L £ d = - L Ot , 2 1 Ù í e ç ø ® , k t z z j + T t ¤ ( 1 8 )

å
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