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1 Introduction . . . (' i 

' • ¥' r ';-.. ·.: · .. 'j. ;,·: ·,oo ,; ·~::< }_,·~, -.-;\~:.: t··::·;;fl!!·; ,'' ~n~·., 

1. Usually only scalar representations of ·1\'~extended supersymmetiY. 
algebra are: used. fo~ ·the' d~·~crfpti6n. of spinnipg particle models~, The .... 
~pace-time' coo~dinates' i/· tra~sf6rm a~ s~'aia:is of the iso~oq>,hism 'gro~p ' .. 
SO(N)' of. N-extend_edsup~tsy·m;net~y.alg~:b·r~ and._all ~~. ~·el:ong to'dif~, 
feient in:edticihlen~p~~~entations,of 'supersy~met~y algeora:. Th.~refore,, 
to describe a D~dimensi.~naL:;piriri.ing particle, \ve have to'.{t8~ D copi.es of . 
a scala~ repres'entation '~hich fC:rili.a'D-di~~nsional L~r~ntz ~ector.· Tiie' 

•. ~ ·, ' · .. _~,~-- ' ";..t'J • l ..... ·t·· .·: ·' ~.) :\ ·.:J.:. i ' •• '·\, $ ,•/ 

Grassmann components·. of the.se representations,describing half-integer 
• , ; 'C · • - 1'V' .:~•: _{' "'f":(' ') ',;, 1 :\~ ,;_ .• ::•'. 1 ) ~!'! .:···: .· ~~ l '1 • ,-.' •• • '.

1
}' , .: f 

spin after quantizatio'n, trarisf6rii1as 'Lorentz and· SO(N) ve~tors. ,The , 
resultingspii1·<>ft.~e··r;~~~·t~c~~-if~[f;2]~ ' \ :' ' ·'·. :'': .. : :. ... : ' '~ :''· .' 

· . On'the otlierhatid;spinning particle' models arethe,'models ,ofSu- ': 
persy~metri~ Q~Antuin ·M~c~anics' (SQM) ail.d it'is;k~own)h.a(oth~r·: 
representati~ns 'tan' b'e :usedJor: ihe description 'of a D~di~~nsio~ai SQM . 
for some values of D. [3,4]. For example, in N·::::: 4 case the:isomor
phism,gr<?UP;is.SO( 4).~ SU(2):?<: SU(2) and~thre~~bosoriic com'J)()nents': 

,.,, ~ • _.· ~ \ .• '· ,1 ~ ' -~ ' ; .,.,,. ... ~ "' - . -. • . ' . ;;_ 

of one definite irreducible representation of N = 4 supersymmetry alge-
bra play the role ;Of space.coordinates • and ... tran::;form: as a .vector· of one .i, 
SU(2) =<80(3) subgroup. ;FoU:r~Grassm'ann:compoU:ents'of·the repre-· 
se11tation .. ~ran~form ~s a complex;._spihor.of;this S0(3)lsubgroup .. ·:One i~ 
ad,ditional,bosonic:compone~t i~auxiliary.':!fhus; the:S0(3) :subgroup of.•'l 
the isom<;>rphism group'.plays·.the role ofr.otational group in;3~'dimensional 
Euclici~an space' and· a:ll.coordinates 6f'the sp~ce are inCluded 'in ;one ir~:~· 
reducible representatim1 of th~ s,U:persymmetry algebr'a.. '1 ' 

· In the case of spinning particle there is additional time~ like bosonic 
coordinate and ro~ational gro,up,in sp(Lce~tiriiei~ 1 pseudoorthogm:ial group 
SO(D -1, 1). If all space-time coordinates belong to the same irreducible 
n!presentation of extended ."~up~rsymmetr'y' then' the. isomorphisms group. 
must include this pseudoorthogon'al group.SO(.D.:....1, 1) as a subgroup. It 
means that supersymmetry algebra is not ordinary N~extended algebra. 
Instead lit ·rritist ha~e: the'form •! ·: ;·11;; .• ,: < 1 ; • ::)<: :· :. : 1 ,.,,, x~ ~,, :..:H 

' ' . 
",(';! ','J ~·:}~•. l _:'i, ~1/. ::f~ <~Ll :· } 'i\ 

.. , ; ,, ,; · {Q ·· Q.} -·w· · H · 
,, ' .• , •.! · a' b -. ab .' 1. . "" t ~! ; ' ··(1.1)' 

with some tensor Wab which has m positive and n negative eigenvalues.It 
should be noted that there is only one momentum operator H in this alge
bra playing the roJe of system's Hamiltonian which generates translations 

""~------··'""''.... ~ 
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·, 

in proper timer: The algebra (1.1 )'is (m, n )-~xte;}d~a ~rie~dirri~nsional 
supersymmetry algebra and it must not_ be confused withthe (m, n) su
persyimnetry 'algebra· ~f ~pinnirig string whi~h ~cts' in two dimensions._· 
The'isomorphism gwup of the algebra (1.1) i~.SO(~,~fg~~oup. ·.,.. .. .--_ 

In this paper we considerthe case ?f ( 4, 4Fexterided supersym~netry' 
algebra; In th~ second part ofthe pa~er we desc_ribe,som~ representations 

--of this'algebra·itmong which isorie containingfourCO()rdinates of.tisual 
Mfnkowski space~ time~. The_ L~grangia~. is. constructed in the_ third part 
of the paper.' b{.the forth ·}>art we desc_ribe'thealgebra of c~nstraints. 

. and 'quantizati~n procedure' used in the P.<LP.~r: The whole spectrum qf 
the model ~oii~ains _ orily. two_ physical states, describing m(tssle~s pa;ticle' · 
with helicities. + 1 and ....: 1, i.e .. massiess spin one photon~ lik~ particle:· It 
is rather interesting, becau'se the tota(riu~be·r-ofsuperch~~ges is.8 and 
'inc~irventional ~pproach ~pitul.in~particle has spiii 4 :[1,2]:, . . . . . . ( 

? ~.:..:.· :. ..· .. . •:; . - ~-~-_;'. ," -.. :. ··~ •{',~'· .- . ,·. 

2 The; algebra and'· s6me rep~~sentCl_tions· 
\ '(.~', <'·~·,.,~0:,<, ·· .. · ~ ' .. 1,:,, ' !:. ·-.. :_;·>~"·;: .. ~-''·'., "'· ;''' : 

The algebra (1.1) under consideration is generat~d by 8 real supei-charges · 
Qa.With'4 positive and 4 negative eigenv~lU~S of tens~r Wab• It'is COnVe
nient for tis to combine 8 ;eal supercliarges into _4 complex ones Q ;i.' V>'hiCh ·' 
are Weyl:spi~ors;( a = 1, 2foLLorenti group and•forrh ·also:·a!doubl~t. 
( i; 1,2.)of:internal SU(2) group; The·whole S0(4;'4)·isomorphysm; 
gr~up;contains ;30(3, 1) X Slf.(2) as a'Jsubgroup. •iln terms of Q;a; and 
'Ct = -( Q;a)* the sup~r<ilgebra has' the,f<>riri: ' '' · · · · .. , 

;', ,_ri >,<;: 

:{ Qi~,·Qkp}- ·-: 1 5;kiapH, .· 

{ct~Q~}'··~: 't:ikE;:<n! 
· .. ' 1_~,, :;, ·.'''[;~!3.,,.: 

{Q;c.,Q,a} .. = ·0. ; . ,•'.' i .. 

,. (2:1) 
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. Tlie alg~b~a (2.l) has s~~er~i ir~~d~cible r~pr.es·~~t~tions: ·o~eof them.' I 

contains Lorentz vector xl',two Grassmannian spinors oia, 7t; = (Oi"')* I. 

and auxiliary fields Gf = (Gi)*. Its transformation law with supersym- · 

·; .' -·-~ ;'·* _i 

~ } ; {. 

J, 

.metry parameters f.ia has the foll<_>wing form1 

oX~'·= 
· ia( . ·) -0~. ·oia( ):... :_,a . 
Zf. U I' a,O i - Z U I' a,Of.i ,·· 

soia 
·'1 . . . . 

- -5°{3 X ·f!{J + ii0 G', 
2 {3{3 . .- 'k .. \ • 

(2.2) 

1 .... ' . ' .. 
- --c"'/3 X ·f.!!- iC'G~ 

2 . . {3{3 • . ' ·' . ,k • ' oft • ~ :-. ' . ; : 

i . • {3 . i ..,i/J,;_ 
oak = -f.ko13 - f. ok/J· 

., 

There are also more complicated r~presentati~ns:of the algebra (2;1). 

For example, one ~f therri contains fi~lds D .,1/J~a; 1/; !; M~p, M~/J; ~<~~/J·; <~>:P/J' 
·- . ''· ;" .. -k' ; ' ' ._, .... , ... k :--·· 
4>kf3/Ja• H"'fJa/3 which are subject to the constraints: 1/Ja:;:; -(1/Jka)*, I<i/3& = 

· (J<i )* M· - M M ·· - (M )* -;:, ' · - (-~,k · )*- (A.k ·)* :1f · ;·. _: . -kD</3 ·' .. \a/3- f3a,. ix{J -, .. a/3 'o/ka{J-!r -. o/'Yf3&- - o/fJ'Ya ·' a{3-'y5·-
H13a-'yS = HafJS"r = (H'Ys&/J)* and have following transformation laws: 

' ' 

.. ''·;0 ···-

ia.i. ··- .t •. jx : o/ka , o/a k> 

... 
,· 

8D = 
·.··r· · :i .. :' ·, _-·,fJ·'·:.:jJ•·. 

· ·' )81/Jk;;. ·· :: '<i·kaD + MafJf.k -t f; K~:J, , 
'. 

.· . . . ' . ' 
' · Z. k . ' . z k ' ... ' . • k' ·13 -··. . 

. ~.Ma/3 = ~2~a1/Jkf3_-: 2~{31/Jk"':'±,,fa/3/J~~J,.·. , 'l''. 

.· . i : ;'i ;...;.;/ /3: .. · .. "..:.. >.-,: ·: 
8J<ka/J =. -2~1/JkD<- 2fk~1/J(J + f.k4>~{3/J +f!"~4>kD<~"r' · .· {2.3) 

. ··. i : k; _,. i k . - :. i . ; . ,, :. 1 ... 
84>~13/3 = --f.af{k/3/J- -€/3/{ka/J +:-~Ma/3 ,--: 32~'"1 Ha/3/J.Y• 

2 . . '2,- '.; . 2 .. · :_:· •·, . ·-
8Ha{Jix/J = -4iEiix4>~{3/J,.:. 4i"Ei,04>~{3ix ,...::.'·4i£~4>i{Jix/J .:_ 4i£~4>iaix/3· 

.' ~ ; 

Another representation contains einbein ·~rid gravitino fields and will be 
used in the following section to construct·theclocally supersymmetric 
action for the spinning particle. ·•: ·~ .! • 

· 10ur conventions for spinors are as follo'!s:91.'= 9~c.C:01pi 9~ = 9i01iilo 9~:}1. = · 

9iac:;~:c:ap, B;iJ = (91)*, ot =. (9ia)*; ta :::·?_i~. = .. -(9f)*, 6~ ·= c:"''c:ailot 
(9 )• ( ) . .;__ (1 ) . '" . ·;;' ._: . i 

- k{J ' Up a{J - ,CT a{J" :... . . . . .. 

' .. -' ;~ 

' ·' 

1 

::,\· 

~-~ ~ f:. ' ... \..• 1' 1; 

.l ".1• ·::.;t-, 

~ ~ 



-. 
3 The action· 

In the flat Minkow~~ispace with the metrictensor g~ .... = diag(1, .:._ 1,-'-1,--1) 
the action · 

. c. . J d . . { -1 . .,. . .,. ·e·ioe- ,· .-::a(). ·-e·i. , Gi en . km} 
,.)0 = . T -2g,..,x X - z io -.z i a+. ~ m,C:inC: - (3.1) 

is invariant under global supersyrrimetry transformations (2.1). There 
is no local reparaffieterization arid supersymmetry invariances in the ac
tion(3.1). · As a consequez:tce, such the'&ry is not free from ghosts .. To 
reJnOVe ghosts, we introduce einbein, one dimensional gravitino ana. other 
auxiliary -fields. The resulting action looks. similar to the. act.ion for the 

. N-extended spinning particle[2]: · · 

s = j dr { ~ ;eg •• ~"r: + ;a;~ ~ ;0'• O;. + 2s;o,po'" .- 2Sff{o~ )', (i2) · 

. wher~ r", =: ;,.+~t/J~'Y( a")-r~fJ!+ ~()k-r( a")-rs~· Th~ ~un~tioris e( r ), tjJko( r) 

and Sk(r), S(r)~ = (S(r)f)* are einbein,gnivitino and internal symmetry 
gauge fields in one dimension respectively a'nd belongto someirreducible 
representation of the algebra (2.1). ' ' . ' ' ' ' ' . ' 

The ·action (3.2),besides the local reparameterization invariance, is 
invariant under the following lbcal N ~ (4, 4) stipersymmetry transfor~ 
mations: . · · · · ·- - . 

: ~ 

: 8X,. ·, ~' io c· " .) -()/J :: ·ei~ ( ) -/J ' 
=. zt a 11 o/J. ;.-.Z C!~-t 0 pt;, 
' ':J 1-' ·· ..•• ~/J ' ·' ... , . ·--~ ,_ . . ,, 

8()io 

-k 
8()· {3 

= . 2e.r (a~)o,Bf; '. 
. ' 

- 1 " k{J( ) I' " 
- --c :- a~' {J,iJ":,;' 

2e ··- c:··... • ·'"' .•. " , . .. . ·sj . -ut/Jko·•·= n.--.2uko + 2z kc;0 ,' 

-k .:..k -k. 
8·1•• = 2ic· - 2iS- f.'., ~'f/a ot ., 1 ot. 

- .::'' '• . 1 ··~:•::. ·kc. • 1~-k 
be -= -t/Jkot "- -ck tP ·, .. ,,, 2 .·., . ' :- 2, ,O 

' ·~ ·. 

8Sic = 8Sk = 0. ".;. 

,,1 

·: (3.3) 
•:. 

' addition, the action (3.2) i13 invariant under the local internal symme-
transforinations: 

seio :; 2iA~eko, sst = A~ (3A) 

4. 

f! 
,j 

'I li 

,'I 

' ,, 

~-

~ 

. ' -k . ' " " ' . ' ',-. ,, -. .- " . :' '· ' j : ;._ •. .: ' • :'' ' '' ' ' 

whereSi/= (S;)*,Si = 0 aie corresponding gauge fields. · . ·-- ·- . 
_:. ··with the help of enu'merat'ed local tnl.~sforlliation~ we cari 'cho~se· the 
gauge in v;hi~h e( T r,,; '1', tP~o '~ :·Sf ~ 0 :and ~quations (>f )notiol,l' for 
dynamicaf vci.fiabl.es have t~{dorm: '"c · ·' · · · · · · · .. · · .. ~-

·.·.:~1:~·~ 1 h~· ,. ' ., .• ~.·; ··~·:1~ >0 • J-· .-•• 

}(~' =·iJko ='fha. ·= 0. , - '• 
.·; ,·:. ' 

The- remaining equations of motion ·for the' fields e( r); tPko( T): and st (f) 
areconstrain:ts iri the phase space arid they remove'all'ghost states froni · 
the space of physical states in 'quantum theory. - . . •' : 

4 ·· Quantization 
' ,. 

As it follows from the de~nitions of ~omenta' conjugated to Grassmann 
coordinates: ' 

8L . -k ··· BL ., .-k. ,._ · ,,; 
llko = -;- = ~zOko, . IT. = ----=<i' = z{). 8()ko o - o . .: _, aek 

th~ s~cond class constraints take plac~ i~1·th~ ~odel. Usually one over-· 
comes this difficulty. by introducing Dirac)rackets. I!l our case th~ only · 
'· ' ' ' ' " '"' ' ; < ' -k ~ 
nonvimishing Dirac bracketsare:{()ko;()i{J}* = -:-~Co{JCki, {ea.,e,B}*_ = 

-:~c:~~c;ki·'· {X:~ 1 ,).,P. ... }i,r.8~, ·\VficilaJter;.qu~n~ization b~come;; .. ,,, . 
~ ~' ' . .; '.' 'j ·' • /.'. . • ~ ~ :. • . - '' • ;; i . 'i 

{() 0} 1 . {-ek'-~e'··}· -1 ki ·rx· "~l ··c,. ( 1) io, k{J =:- -f.0 (Jtik, . a• /J =.-f. f.0iJ, . ,r., ~ ZU.,~. 4. 
. .. , .. 2 : .... ·. .:··· ·. 2:- :·" .. ' . . ·, ' ( . 

To diago~alize·a;nticofi.!mutators yye:introduce fotirpairs of,cre'ation and 
annigilation: operator~ ' . .• , . . · 

• '., ' -:' ' t'< --~ \ __ ; ~-~ '! .... '·; • 

i . .· 
·a = ()'t+ 712 bi =· Oil -7/'· , 

. t 
~. ~~ 

" <, (4.2) 
t -i . 2 t -i ' 2 ' 

a- = (). - 0. b. = 0. + 0-
., I . t .. '· I _l ._ - t,_. ,·. I 

-In te;ms of nc\~ ~pe~·~tofs 'the 'com.nnit:ati6it'::~el~ti~ri~- (4.1) ~re, 
• < ... •• J ~ . . : .• ' ". ~ > • :' • 1 :~ . • • . ' - . 

i t - i i' t - i i k • - . i t -{a,ak}-8k, {b,bk}-.-8k, {a,b-}-{a,bd-0. (4.3) 
"} 

5. 



It should be note<;f:thaJ .. b;-type op~rators corr~spoJ!d. to· gh~st, d~grees. of 
freedom and we'hiwe. to remove all ~egative norm states :from. ihe Fock 
space·c~nis'tr~~t~d- 'Yith:fili~help.of ~!'_and 'bl 'cre.~tio~· op~r~t~;s·.•; .•.. ·• ·, 

To' do' this \ve will.find all const'raints ;in, the. theory. ,which play •. the 
role of generators of gauge transforma:ti~~~- We h~~e th~~~- types of .con
straints which correspond to"the_three types of local invariances - the 
proper time reparai?eterization, -~xt~nded · worldline supersymmetry and 
internal symmetry: The _first constraint is just· the· condition of massless-' 
ness of the particle .r ~- . ' ":;,;' • ,,. • .,_ 

. . H = ::..~p2 = 0 ·· · · '·'·'·(4.4) 

· The generators of su persymmetry ·transformations _ · 
c ,~ "- ~ (~--.. " 

Qia = iP"( 0' sJaiJi:' 
:.:..:_ .· ';; {3 . . • . . I' 

Q;o, = zO; (a")f3o,P 

and internal symmetry transformations 

hL = 0;ao! + okao~, 
hS;k.. .· .... 
· · hL" ~o · '-ok; ...3fik7i;o, . --a a 
-~- ' hS' 

Jik -

Tk .:_ I . 

(4;5) 

,(4.6) 

:~(4.7) 

(4~8) . 

commute with H 'and have the folloV.:ing commutation relations among. 
themselves in addition to the alge?ra (2.1):_ 

··-~-

[Iik, 1mn] · 

':[I;kJm'n] 
- ckm Jin +~f:im Jkn + ckn Jim+ cin Jkm 

. , 

[ 
'k- ] . ]' ,Qmix -

(I;k, Q;:] 
(Jik, Q;:] -

..:..ckmli~ - e;mlkn - Cknli~ - c;nlk,,;, 
k-=i ;-k 

-hmQix- hmQo,, 

-,-hkQia :._ hf'Qka, 
rr - 1 ·r ik - 1 L-J.mn' Qia = 1 , lmn = 0. 

(4.9) 

•'(4:10) 
';"!' 

(4.11) 

(4.12) 

(4.13) 

In classical theory the expressions (4.4)-(4.8) are equal to zero. Ac
cording to the Dira.-~ quantization procedure[~] the physic~! states lfhy:S) • 
in quantum theory satisfy the'follbwing conditions .· . . .. . 

OriPh'ys} = 0, (4.14) 

6 

!1 
~ 

' ,. 

·~t. 
~
l 

, ,,r 

where .nr represent··all constraints: ~-It{the 'case ·of. the~ second ·~lass con
straints ·theeq'u~ti<ms ( 4.14) are ineonsistetit arid: w~aker c::~iiditions' due' 
to Gupta [6]and Bleuler [7] · : · · ·· .,. · • ·• · · · 

{Phys!OriPhys) = 0 
5,: 'i 

(4.15) 
' mu~t be imposed'on physical states .. J~ spite of_ the. fac::t th~t' all c~n

strai~ts in o~r. c~¢ are 9f the firstelass, the conditionS ' ( 4_.14 r ar~ too 
strong as well and orily z(m)'norm physical~tates su~vi~e~· It'-mean~ that 
we must use equations (4.15) instead of (4.14). The,p1ethoq-of solving 
these equations is as follows [8]. We divide all con~traints on thfee groups. 
The first group 0° contains only hermitean first da.Ss constraints. The 
secorid ~roup n+ contains constrairits which are conjugated to the Corre
sponding constraints of the third group n::-. In addition the generators. 
(n~, nt) and (n?, nt) form two,differeJ?.t first cJass subalgebras in the 
spac~of all constraints:· The'reqiiirements · ' ··· ' ' · · · · 

O~IPhys-) = n;-IPhys-) = o 
or 

: n~IPhiis+) = ntiPhys+) -0,' 
lead to the equations (__:PhysiOt = 0 or {-f.Phys!h; -·~ 
ccmsequence, to the equations 

.. {±PhysiOriPh.ys±f=o ' .. 

( 4.16) 

·.•·(4.17) 

0 and, as a 

(4.18) . 

valid for all constraintsin accordance with the Correspondence principle. 
M~~~over all matrix elements (±PhysiOriPhys~} in our case.are z~ro as. 
well. ; ·:·. c•c,•. :" . ,, .... :· 

1 

5 .. :The spe~trulll. 9fphysic~ st~t~s: 
Tile, st~~cture of ~omm,utation ;elations ( 4.9):( 4.13) 'suggests the follow.:: 
ing,~ubdivis~o~,9f(A)~straint~: . ' .. ;, ; ·:., 

,, '·' ' ·, 1 2 ' 

n~-: . c~2P ), 
. 'k-

nt. = (r ,Qmo,), 
n; ; = · (Iik, Q~). 

7' 

! ~ ; (5.1): 

' (5.2) 
(5.3) 



According to' the ~ondition P2 l.Phi;s±} = O,.:the.particle is massless. 
and we can c~oose the light cone system P,. = (P0 ,0, o;P0 ) in which the 
expressions for remaining constraintsare very simplein term~ ofa.and b' 
~m~~: ... , . ·. . . .. 

]11 

122 . 
- -(at- bt)(~i·_ b1), 

- (a+..:.. b+)(a2 + b2) · ··. · .-. ·-· · 
1 1 . ' > > 

•'/ 

>. 1 . ·.. . .. · .· : . . '1 .: . . . < .. · . 
112 • = ·-(a+- b+)(a1 + b1

)- -'-(a+- b+)(a2+ b2
) • ; . . ,· 2 1 1 . " 2 2 2 ' .. 

• > • _.; • • 

Q~ ::;:; 0; '· 

Q; . , = . iP~(a;.-,-: b;): 

··1u = ·,.;,-( ai .c. bi)( a2
-:- b2

),.. 

-l22 · = .. (at+ bt)(a1
- b1

), .. . 

1· = !ca+~ + b+)(a1 - b~) _'!ca+ + b+).(a2 - b2) 
12 2 1 1 > •• 2· 2 ll > ·•. ' 

. Qil = 0, 

Qi2. = -iPo(a{ ~ bt): 

,_,; 

(5.4) 

(5,5) 

With the help of these expressions •We can find the following solutions to 
the equations ( 4.16)-( 4.17)~ · ·· ' · . , .. 

jPhys+} ·='·10}, .; .. 
1Phys1+} =. (ai- Pi)(at- bt)IO}, · 
IPhysl-} · =·· (ai- bi)(~t ~ bt)lO}, 
lph } .:_ . + +b+b+lo}·· ·. · ys- - a1 a2 1 2 • · 

.... (5.6)~ 

. (5o'7) ~ 
·, -~-. ; , r' -

The states 1Phys1±} coi~cide ~nd ha~e ~ero norm. Two other physical 
states IPhys±} are orthonormal and satisfy the Gupta-Bl~uler ·condi
tions. These both states are not scalars of 4-dimensionalLorentz. group. -• 

· Though ()iOt transform as the doublet of Weyl'spinors, the operah)f~ a; and •· 
bi have more complicated transfonnation law and the Fock space vacuum 
IO} must not be a scahtr with respect to the Lor~ritz group. T~ study the 
transformation properties of all states we have 'to coristruet the Lore4tz · 
generators .and find the Pau'li-Lubanski vector:,which is proportional to 
the momentum of the particle in the massless 'case: 

1 . . . .. ·,; pa .. 
W~' = 2,s~'vpuP _L = >.Pw (5.8) 
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where the coeffi~ient X is the helicity of the state. 
The acti~n {3,2) is invariant under. the Lore~tz transformations with 

generators · · · · ·· · · · · · ,. · · · · ·· 

L • =:M +J · · '· ... ; ·· . " 
I'V I'V I'V' , , . 

" :''c ;_· ;. '~, ' ' ,·.,. :'; <:"'"""; ~.<.' ~.:~.;~_J :~~. ···:.:: ~ ·~:.--~ j~_:, .· 'c~ 

where !vi~'" and J1-1v are orbital and spin parts of these,generators respec- · 
tively: Only the spin pa~t- of Lo~~'ut~ ge;;eratofs gives contribution t~, WI': 

We can_. fitid: J1-1v ·using th(!.Noether pro~~d~r~. The.~esult,is as .foll~ws: · . - . . 

where· 

and· 

J . ~-1(-(#T.) .JOt~+· (;;)·····-;-QJ))·'· 
I'V - 4 v I'V Ot{J ' v I'V a{J " ' 

{a I'V )o{J 

(fi'V 

.. 
f~/3 

-c./3 
J -

_ 0;()( 0~+ 0;13 oc: . . ' 
- 7tF13 + iFc. . 

I>.,.- .. · 1 ) · 
j ·~, < 

l,) 

1 ·: : ~ . . . 5 
= -2 .((ai')Ot.y(av)13.s ~ (av)Ot.y(al') 13.s)s"~ , 

z . 
-- ·(u~;)+. 

According to definition of spinor 
' ;I { ~ ~ : ; 

! [JI'i/; 0;~]· 

-"; ~ ' :; [J~-~;,;O;c.]· -
'.-..•, ,,., 

t··· 
2( U l'v)~O;(i; 
1 ...• 
-(0'. ') /3-() ' 2 I'V a i/3• 

''e > ;.'• 

n,( ... 

;(5.~) 

' ._(5.10) 

{5.11) 

-~{5:12) 

·The expressions (5.9)-(5;11) 1e-hd to tlie following form of the-helicity 
:operator )..• iri termsohi and' b' operators: · · 

; ' :' '·"' "•; . 

.. ,;:....:_· Jc·-_-Jl;+·--Jii) ~ ,,lc ·+ 1 ,. 2-: .. b+b1+--b-2b+)··~ ;.1:_J·+-i·+:·ib+bi. ·A--- . · - -- a a -a a - · =' --a. a - . . · 
I :1•::·:;1~ '' ' • ;);, .'; 2 ,', ~ :. ,,·),> ;;:~;' >'> o ; ,2 '., ( :; .2 .. ~ .! ·,o,15\4) 
The physi~<tl st<;ttes _ar~ 'eiger.st?-tes of helicity ,ope~at?:r ·,\vith ',eigeriv~lues 

-.±1: . . ''" ......... '• '",'· .. .,,_. '; ""'·'·· .,, · .... --.. -· 

..\IPhys±} = ±jPhys±). (5.15) 

. It means that the action. {3.2) describ.es free.massi~s~ particle with spin 
one in four dimensions. 
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6 Conclusion 

· We hav~·started from the extended stipersy~~etry algebra in one dimen
sion with 8 real supercharges four of which have squares opposite i1~ sign 
to the squares of others. It means that ~e.~'an realize this algebraonly i~ 
the space with rion:..positive-definit'e'scalarlp~oduet; i;~. 'with gho·~ts. We 
have shown that· if this stipersymmetry algebra' is gali"ge; all' ghosts ai·e 

· cancelled and' physical states. have' posi~ive-defiriite · nhrm;· They· describe 
massless vector particle in four dimensional space-time. 
, Analogous description is possible in three dimensional space-time as 

well. In this cas~ we use the (2, 2)-extended supersymmetry algebra. 
The representations of this algebra are derive& from the representations 
()f ( 4, 4)-extended algebra with th~ help of some reality conditions. For 
example, conditions: · '· · · 

'I ~ .• 

(Xa{J)* = 

( (JiOt)* . = 

G~ 
' 

Xaf3 = Xf3<n 
7t = (JiOt 
' ' 

icikG G* = G ' ~ ', .. 

(6:1) 

lead· to supermultiplet with three space-tim,~ coordinates. There is no dif
ference between dotted and undotted spincir indices in three dimensions.· 
The action (3.2) ~ubjected to constraints'(6.1) .describes ,the,spfnning 
particle in three dimensions with one time and two-space coordinates. 
1Iowever, the quantizationof such action resuJts ~n a single physical state 
with zero norm. , .· . · , · · . . 
, In general we can use the(m,n)~extend~d superalgebra '(1.1) \vith 

space-tirrie coordinates transforming as a vector and Grassmann coordi
nates as:a spinor of some subalgebra SO(p, q} ofthe whole isomorphism 
algebra SO(m, n). In this case the spase7timein which spinning particly 
lives has p spase ·and. q time coordinates.. The.numbers p and. q have 
to be related'.withcthe',number~ .m and n and~it would be:int~resting. 
t<? ellumeratt;'all ~pac~~-ti~~s in whi,ch conside~ed description ~f spinning. 
particle,is possi~le., Perhap,s then~ are.als? such numbers p and,q thf'l-t 
the p~ssibilitf brari~logohs 'descripti~ri ~fJpil:ming'·stringexists:· · . ~ · 

- ;' 
\ 1'" 

,. ~ ' ._ .r: : 
i J.. ; ~ ' t 
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