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MaJUtK P.n . 
Ka;1116poeo4ttasi Teop1rn H EPCT KBaHTOBaHHC 
B MOAensix TpaeKTOpHH PeA)KC 

E2-92-555 

Pa3BHTa KaJ1H6poeo•1HaS1 TCOpHSI AJISI nyaHKapc- H penapaMeTpH3aU,HOHHO
ro HHBapHaHTHblX narpaH)KHaHOB, B KOTOpblX HCnOJlb3OBaHbl TBHCTOpbl AJISI 
o6ecnC4CHHSI MaCCOBO-CnHHOBblX COOTHOWeHHH, COOTBeTCTBYIOI.UHX Tpae
KTOpHSIM PCA)KC. TToKa3aHO, 4TO JIC)KamHe B OCHOBC KaJJH6poB04HaSI H penapa
MeTpH3aU,HOHHaSI CHMMeTpHH narpaH)KHaHOB nepeoro TTOPSIAKa SIBJISIIOTCSI 
:)KBHBaJleHTHhlMH. 3TH KJJaCCH4CCKHe MO,11,eJIH nOCJIC,11,OBaTeJlbHO KBaHTYIOTCSl C 
noMOI.UhlO EPCT cpopMaJJH3Ma. C,11,enaHhl none3Hhle KOMMeHTap»H ,11,nsi o6o6-
mettHi-i OAHOH H3 MOACJJeH Ha COOTBeTCTBYIOI.UYIO CTpyHHYIO TeOpHIO, B KOTOpoi-i 
aHaJJor KOCMOJIOrH4eCKOH KOHCTaHTbl 3aBHCHT OT npoH3BOJlbHOH cpyHKU:HH. 
TaK)Ke o6cy)K,11,CHa Kan116poeo4ttasi TcopHSI AJJSI ,11,eyx Hepa3JJO)KHMblX OObCKTOB, 
CBSl3aHHblX C nOMOI.UblO rapMOHH"-leCKOH CHJlbl . 

Pa&)Ta BblnOJIHCHa B Jla6opaTOpHH TeopeTH4eCKOH (pH3HKH OvUH1. 

llpe11pHIIT OCh.CJ.IHIICIIIIOl'O HIICnnyrn wnepllhlX HCCJICJ_\OUaHHH . )ly611a, 1992 

Malik R.P. 
Gauge Theory and BRST Quantization 
of the Models for Reggc Trajectories 

E2-92-555 

A gauge theory is developed for the Poincare and reparametrization 
invariant Lagrangians where twistors have been used to provide the mass-spin 
relationship corresponding to the Rcggc trajectories. It is demonstrated that the 
underlying gauge and reparametrization symmetries of the first order 
Lagrangians arc equivalent. These classical models are subsequently quantized 
by invoking the methods of the BRST formalism. Useful comments are made for . 
the generalization of one of the models to the corresponding string theory in 
which the analogue of the cosmological constant term depends on an arbitrary 
function. The gauge theory for two indecomposable objects, bound by the 
harmonic force, is also discussed. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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·. The theorie~ ~f the e~t.ended o?jectshave attracte.d a great deal of inter_~st during the past', -

few yea~s. The leadinic~ndidat~s for such an interestare pri~~ril; (sup~r )string theori-es. . . . . . . , ,. . ,, . ( . 

[l] and (super) p-brane '(p ~ 2 ) th~ories (2,3]. Despite remarkable'suciesses, \h~re.are 
, ':.. ::- I ~ .: -, • . , ' , . .- - . - . . . , 

- longstanding questions which still defy their clear-cut, resolutions in the framework of 
'·,. . ' \ -· -.-.,. . ' . . "'": . " _,, ' .... . 

these theories. Am~ni othe;s, th~ u'u~hysical criti~al 'dimensions of the quantum strin~ . -.. - . . - . . . . . ,. . 

theories and the loss of the Wey! invariance, even at the classical le~eCin the case of the 
, . . . . . . '· '· - ., . . - ·. 

p-brane theo~ies, are p~irrie examples .. These -are precisely some of the reasons' that few·· 

att~mpts 1;:s1 have bee~ macle to provide.~ viable alternalives. ~O; these. theori~s: The,. 

'mo&! of ref.(5], ~here-the ide~ of the fr~e rel.;_ti~istic top (6] and particle are combined 
'. ._,, ' ·, •. • - •· ' -:~~ I ... ,,: • ' , ' 

together,· has also -been considered in the framework of the BRST formalism (7]. However, 
, ••· ,, ,· - . . ' ~ ,1-'__ / ·, - -_: .- ✓- •• ••• ;·,. ·-,.~ ·_ :··:--_ __.· • 

. due to the presence of the entangled web of interaction terms, it is di_fficult to compute the 

~ritical diinension of the spac~-time in which the qu_antum "stringtop;,- theory, developed · 
i"· - . - ,' • , ' ,;:_ . , - ' . ' ; -., ,,,_,.,:-

from,this model; .~oulq be consistent; 
- . '-.. -· - . -~ -

Jt.ecently there has bee~ ~n upsurge of inte;~st in the twist'or ( twoa~omponent_ con1mut-
., 

ing spin?rs ) formulation ofthe ·superparticle, and·s~perstfings(S,9]: The purpose of the· 

present paper is to devel~p a g~~g; theory of the classical m~~els for·R~gge-traje~tories 
_. . :1 :' . < • • > . . . . _. -. , , . . :-. , . , · .. ,, .. : . , ·'- '.". . ~ : ~ 1' 

:'.'1io]'where the role of the tw'istors h~s been hi.ghlighted'in providing the rriass--~pin re- - · 
• ) - ' '. . - ' - '~ . . ' • , • ' ' ! " . ' . " . ' ~ ' " ' ; 

' lation;hip. The.first order Lagrarigians oLth~se _ models are endowed :wit~ ga;g~ a11d_ , , . 

. 4 'reparam~trization sym~etries which ar~ shown.to be ~quiv.;,ient. These sym~etries are, 
-.,- - . ·, . .• • ,' I 

in turn, exploited to quantize these models in.1 the framework of the BRST,formalism 
/ ' \ 

(11,12]. One of the ~lassical ~~d_;l~ is generalized't~ the correspondingAD string {h~ory 

. in which theWt!yl i~variance is respect~d at the classical level under certain restrictions: -

,, The ~epararnetriz~tion and P~in~arJ invari~t "spinor". Lagrangian(d8 l), de~cribing~" ~ '. 
. -·. , , - - . --.. · . . . .. :~ .f , .. • . ---- . - .· ✓ , .- . :_ . ( _-·.. • ,· I_ . . . .--- ·: -·-, .• 

· - the motion of the indecomposable object in the configuration space which is product of 

t~ Minkowski spa;~ and the first ,a'rder.internal space (FOS), is- asJon::s (10]: . , : 
. -_ . - •' :_ . "" \ .. _;-_ / - . -',. ,_ .. - '• - .'. 

(1) 



_I 

I. 

- ' . . ::; . . - .. --. ' ,-:: .. · _, . ' .. - ' - ......... _: .. , '.. ' . -
of the twistor components are suppressed here· for the later convenience. -The internal· 

- . ' . , / 

spaces that possess SL{2,C) invarian! symplectic str~cture ax-'e called FOS and those which-. 
- ~ ' , . , , 

d~ not', are ~~led secou'd order ~paces. Allthe:d.ynainical variables are functi~ns ·of the 
> • . . ~ - -· . . - ,. ; , -. ,• .. 

evoluti~n parameter 7; ~nd ±µ = d::, ¢ ~ ~- The ar·gument of the>arbitr1:ry function f((). 

is the most gen~ral rep~rarrieti-izati~~ invariant Lorentz ~calar that ca~ b~ con~tructe<l, 

.. besides ( ~2-) ½, in ~the 'co~figuration sp~ce: . This is given by: 

· :·· ·.· v~- · · v· ··. · 
;, ,_--Xµ _....:., ,_X· . 

- -( "2) 1 = -:--( "2) 1 ' . :. _-. -:-X 2 . -X. 2 

/ (2) 

where positive light-like v~ctor vµ is expressed in terms-of the t~t;r component~- <P, (fa* 
~ I . -

and Pauli matrices u as: 

_.:/_ 
- -1 . ... . 1 .·, ·. 

Vµ ~ _,1,t(1 0-),1. = _,1,tuµ,1._ 
·. . '2'1' ' .'I' 2:: 'I' 

(3) 

The ~~ticin of the indecomposable object described by Lagrangian (lfi~ constrained . 
·: . ' .. ' . - ,. - ::..~ ... ·~- _·_ , .. . ' ' '•' ,. 

because;: eventhough, we have ·assumed the four ·:compopents of the co-ordinate xi'. to 
" ' --- ~ - . ,,..._ .. . . . . . .. . '~ 

--; _·-·- • : , ,· • • ,, 'r , -•• _ w • 

- . be indep~1;1dent, the.cor_res~onding conjugate momenta pµ.· are· restricted to __ ~atisfy _the 

following r~lation: . 
. . 

p2 = -(!2 ,--, (2 /'?) .. (4) 
' ' ' . 

Th; _Pauli7Lu?anski vect'or Wµ, ,which is _one ~f the' Casimirinvaria~ts of the .Poincm·~ 

gr~1;1p,can be expressed in __ terr~s of Jfr linear' momenta p~ an,d t~el~ht-like_'vecto!' _ v~ 
as foll~~s~ .· .. . . ·.. . ·•- .. .. . . . . .. . . _: :... · < - ... 

. ~2 = (-::PµVµ)2 = e2 (5) '. 

~here.the spi~operat~~ idependson the a~bitra;y f;nctionf(O and the reparametriza-. 
.. • • ' ' ~. • • - < -· -', • - • • • ' " - - ,. , .- ' • -. 

... tion invariant 'Lorentz scalar ( as: · 

,-_ ' ,, .. , .. · '·· . ' e~:u- ,nr ~- . · __ -· · (6) 

For thegeneri~ frinction /((), o~e can e~iminate(fr~m (4)and (6k As a ccinseq;ence, 

~he.constrai~;equation{~a!l ~e r~-lixire~~ed asi ~> ' . .. . 
,_ . . . 

~ 

·1 
-.n, 

.r·1·· t-' 
-,t',,_ 

T 
L I. 
J 
I.,: 

r 
r 
I 

~-. 'J; . 
. "! , 

f 

,,. 
·;, /: 

. _where o:(0 satisfies following useful relations: 

,_/ /' 

a =J2 .=_ (2J'2; . a._ a'~= u-;(J')2. (8). 

One can get rid of th,e sq~~re root pre~entin '(1) h/ incorp~ratiilg a metric e (or:einbein) 
' ~ . : , - - . ' . . 
. in the Lagrangian -.yithout spoiling the Poincar(a~d repa~ametrization invariance. The 

second order Lagrangian, thus obtained, is as folio~~: : 

·2 ';";·- _. . ·.. ·, 
(S): x_ e (-x•V) __ i T•-· · •.·-: 

-C5 =_ -_-- -a -. -. - - -( <P 0-2</> + ¢)0-2</> ). 
. 2e 2. • e . 2 - · . · . ·. .(~) 

It cari b~ readily seen that the use of equation of motion with respect to e and equii.ti~it 
~ . ' . .. . . ' - . I - - - . . - - : 1_ 'L ..... '. ' ·.' • •• • ,· • •' • - -_·_ ..... 

. (8),lead us backto the original Lagrangian (1), we started with'.· The· "".hole dy_namics of. 

. the syst~m tind~r con;iderntion is dictated by the ·constrai~ed equatiori (7) b~ca~se th~ 1 · - . - ' - ,- ,. . ' . ' ' ' ', ,. 

' canonical Hamiltonian deri;~d fro~ the Lagrangian (1} is 'zciro. The first order Lagi-ariii~n· 
•--• ,,, • • ' • ,,-, ; • V 

iiicorporating this constraint and, equivalent to (1) and (9), isas giveri'below: 
,..._ ; ' J_ ~ , " ·'. : . ·. '\ ,, '. . •. ' -,. . . . ' - . __ ' .. ., .·' : 

, . / .,, 
, • ci,5> ~ p~xµ __ ½(<t>Ta-2¢ + 4>ta-2¢*)- i(l+a(O/" ., . 

-· ! '. ~ ' .- ·, ~.' ' 

! . .. ({o)\ . 
-,. 

The equation or'ma'tion with respect to e.yields the c6nstraint ;qu~tiori which has been 

de~onstrated ;n re;.(1~) as th~ Regg~~trajectory ~el~tion:. ( We shaWdiscu:s abo~t'the ' 

various subtleties involved in it a ,bi't late;); 
\ " . ' ' . ~- ,,~ 
, Equi~alent to the Lagr~ngian(l), there is ·a "tensor" FOS L~gtangi~n given' by (10f 

- 1 ' ' '. ' ' • ' • • • ' ~ •• ,' ~: ... 
cf;·~-v ~ ~• :.c (~x2)½J(() '(li) >-·\ 

/ ! 
- ~ -~ O. - . ' ... 

where the component S' of the internal angular momentum Sµv can be expressed i~ terms 
\ - ' .. :. . ~· ,.._ / . "o. . ; .. ·, . < • 

. ofthe basic spinor fields as follows: --· . -~ . 
""'. - .. , -. '\ ··., \ ': • - • I 

----,-~·, i -y··::_.:::. _',.,..:.. -... 
S = -(4> <72<7</>- ¢}0-0-24>•). 
• • 4 / · 

'//v' 

(12), 

The second and first order Lagra~gians corresponding to. (i'l) can l>e ~ritten ~itho~t: 
. ' . . . , .. I . . . . . •. • . • , i,, 

· square root. These are as follows:· . 

"~l--

\. '. :· . ~ :~2:">" ., -, --~. ·'·, ··.:... .:+-
_'.1 r(T) _;_'X -_' e '(-_x•V), V·S' ,.,s -.---Q -- +--

. · 2e - 2 · :. e · -- V, · 
,( . • . - • 0 

:.:-\ 
3 

-- ..---~ 

R-\,. 

(13) 

_i· 



;'·. 

'( 

._and,. 

4· 

, , .· ~-· - ·. 
(T) • · • e -·. · . V·S' CF = pµx" ~ 2(p2: a(m + ·.·. v., . : ... 

The canonical Hamilt~nian deri~ed from the Lagrangians (9),(10),(13) 

saiiie. Thi~ can lie explicitly ~xpressed as follows: . . 

·(14) 

and (14) · is the 

' _. ~. . .. ·- . / . i -· ', ) 

_. 
. e • . 

. -1{ '.=·z~p2_+ a(~)). j15) . 

-. .., l 

.The conjugate momenta ( II. ) • Jorresp_onding to the variable c_ is th~ J>rirriary constraint 

rr.· ~ 0 (weakly zer~). which,. in turn~Jeads to the e;istence _of the second~ry constr~int 

~~1>. = ~½(p2 + _a(m ~-o. T~e latter ~onstr~int is ~~talned by r~quirm~ the 'consis~ency _:~ 
- . . . .. _. ' ' - . - . ·. .•- . . . - ·. ~ 

of the for~er under the. tilll~ evqlutiori; gene~at~d by the Hamiltonian (15): Both the_ . - '' . ' . ' . . .- .-
. constraints are first ·~lass in the language of Dirac [13]. 

. ' .,. ' , . .· .. ·· ·/ . - . ' . ·,.. 

The existen~e of the firsL~lass constraints orCa 'system implies an underlying gauge<:. ... 
·- \ . . . ' ' . . ; -- . . ' ' ... ,. ' . ~. 

symmetry for the corresp~ndin:gL~grangians[13;14] .. The gauge sym~etry generator for 

_ the fi~st:.mdeW,agrangia~s (HJ). and (14)Can b: expressed in terms of thef!_f_~t ~lass 

~onstraints ~s follow"s (14) : · 
j_; ~ wII. ;-wII~l) (16) 

where the real function w(,i-) isthe gaug~ transformation parameter. The abo;~ generator . 
'. _, . -· ' ' ,_ ', ... - - _.,, ,, 

.. res~lts in following infinitesimal gauge transformati~n for' the Lagrangian (10):'. 
' 'l.. ' ••. • - ... , ~ ,.. '. . ,' • ~ ' •· ' 

ox" 

;;6</>u-

.•·· ·al . ·. . . : . ·,. . '. 
= . w(p" - -:V")· ~--op" = o: '. 00'. = o: -lie = w ' 

' wa; ~
2 

_' i- ' ; · ' .. _ • ) wa' • , \ 
= :-""T':._"p(~ ·,P)n<l>-r. and lief,"= - 4 cup(a · p)P;</>'.1'.; (18) .. 

·. . . where€ is~h~ 2x2 ·antisymmetric matrix with e12=+ 1. For. the "tensor" FOS Lagrangiin 
~ • 'C • ' < ' • : , • e •' • •• • - • ' ,• • ' •• 

"(1~); the gauie.syininetr! transformation~ J17) remai~ the same but_equations (18) are. 

... replaced by : -: 

· · -. ·. ·wa' .. ·. '- wa' 
,. ,cSVµ = ~05:S,,~pV· · and cSSµv = -T(VµPv - VvPµ) 

,· 
. (19). 

where So; = Si _and_ S;-~ ½ti;kS;~ .with s~ .;J(<l>T;2u</>+<t>faui</>*). The tra~~fo!~a-
. ''•. ., . . . . , ' , . -..... · 

tioh; · (1'7), {18) and (i9) ar;; quasi-sy1iurietry tfansforinati~ns [15) because the first _order 
,, ' •C •• . • ,, • " • •• • 

iii 
·l 

t.l 
Jj:-
!J 
,j 
~ \:·:,, 

. , 

Lagrangia.ns (10)' and (14) undergo following change: 

:;4s,T) ~·-± [~(p2 _:_ 2a'p :v :_a)];-
. dr 2 .· ! .. 

(20) 

...,: . At this juncture it i~ wor'thwhile to me~tion that, in addition to the local gauge sym-
. . •·- . . . ""- '. -- ·- ·. ·. ; -- .' 

metries, ... the system under con_sider~tion alsor~spect_s reparametrization invariance under 

one-dimerisio~aidilfeomorphism (r-+r-,E.(r)f As pointed outiil ref.[10], Lagrangians (1) 
. . .. - . ~ .· . 

and (11) are reparametrizati~n invariand~r arbitrary function·/((). This ~tatement <;an 
• •• _. .... J ' ~ .• ' i . ,. . ~ < - ,' .-

be verified.in a very t~a~sparent manner if we c~nsider this sym~etry f~r' the,fir·st order 
-~- :· _·_ '.~ _., '. ' - ,· _., .. . . ·-' ' .-~-'. , -~ .1- ', -

Lagrangians (10) _and (14). For instance,:for the following infinitesimal dilfeomorphism: 
/ . . 

-transformations: 
i. 

o,<i> =t<i> 

-~ 

. . -- 'd . 
and li~e = -d (et) . 

. T 

,, _ .. (21) 
' ✓-- ...... -+( _,., •.. ·: __ .. > .· . 

where (if> =·xµ,pµ,_a; ¢,, </>*; V, and S ), the first order Lagrang1ans ·transform as: 
~ • ' I • • • ·.·• ' ._ • • •• ' ' , 

,o,i:lf·i(~ ·_ L ( t£~•T> ): '-(22)' 

As a consequen'ce, the action ch~nges o'nly by a surface term which can be .made equal td' 
~er~ by -~~ttin~ a~p~opri~te\boundary ~o~dit·i~ns o~ t~e 

0

dilfe;rn~rphis~ pa~a~~ter t·: . 
.... .• . •·.· -', . ,' ' 

;· · Th~. gauge.symmetries as·well as repa~ametrization symmetry are equivalent if we 

d10os~ th~ gauge ;~a~ete~ to be w· = ~e and~s~ t~~ followin~_mass-shell c~ridition~ 

d~ri;ed fro~ th~Lagiangians (10) and (14): ·, , . ._ 

/ 

f,µ --
•· ... · I 

O· ·. p = Xµ + ~.yii. p2 + a(e) ;;, O· 
'··· " e· · 2 ', -· · .. ' 

l\ 
Ju.= 

., 

· · {23) · 
ea' · .. '., · ' · :· '-' ·_ · ea' · · · 

= . :-2(S"'."pv),i; : S,w .== ~2(Y"p,; _:'. V.,p"); . 
. ' eai •. . : T. • •. •. .• ea' · ; . 
::-"""i'.c?(a · P)n</>-,; <l>u = -~€up(a,p)n<P-,· 

\ .'. 
. " 

··,.The int~rplay betwee~ th~ gauge syriimetry t~a:risform~tions :a:s ~ell as\he-;epa;ametriza~ 
. . . -. . - ' . . . . ~ 

tion symmetry transforii}ations can now be ~ell undeistoo'd because the generato~ (16) 
, {' . ' - - . ,, ' ':" . . . . ' ,_ ~ '. :.: . . ·, : _·: _, ·•. ; . . .: ' ' 

•· pr~duces both the t;~;form~tions with appropriate· choice _of the gauge parameter and 
• '-·---~,,.;. I 

, ~- .. use of' th~ equ~ti~ns of motion (23). M~reover, to sho~ th~t'these sy~rrietri~ are indepen-

. d~~t inth.~ir i~t;insic natu~e,-~ne h~ t~ make sur~'that th~y commute with c~ch-~ther; 
~ cs- • • • ". ' • • ' •:. _.,.,.. ~ ' ,· 

s 
(. 

// 

·, 

1· 



{ . 

namely, [o, o,] = IL Thi~ requj~~ment can be folfilled if th~ ga~ge para.mete~ is chosen 
--• 

to be the Lorentz scal~r under diffeomorphism transfo;mations; namely: Aw= fW, The•. 
,-' ' , -... - . ' ' , - - . ' - ' 

off-shell equiva~ence of the gauge symmetri~s and 'r~parainetrization symmetry can ~lso be 

establish~d as one can see that
1 

for the choice w ,; et:, the transformations ~~rr;;ponding · 

· , (o Ot '= o,=- o ~re trivial syinmetry transformations for any first order Lagrahgian [16].
0 

I • • • " _l ' ' , • , , ' / ,- - - • • / , • .-.~- -. ' " '· ' • • ' _-- • --

• This c~n be ~een expli<;:itly for the acti~n (S)cor;tesponding to the Lagrangi;n (10) which 
- ... ~- - . \ ', ' -· ·-: -, ~ _, . -

remains inva;iantjo1S == 0) un~er follo'wing transfo;inati~ns:_ 

·- o,x; .:=,. 
t . .: 

oi<f,,, · = 

os·-···· , oS 
t:~;_ o_ir" = ·-i'c--_i . 01e,= 0,,,; 
·up".".· -·.ux"- · 

·--os. • 'os 
t:.5,,p~j :,· ot</>,, = €cup o;/.•. 

~- U'/'p :: .. - '/'p 

/ •·. 

(24). 

This type.~£ symmetry is.also respected by the ;,te~;or" FOS L~grangian (14). It 'will be,• 

not~c~d· th~t t~~ tr~~r~ation~ gen~rat~d by the-6~hogon.il co!Il~i~ation o, + 8 d~ not_· 
,,_., I 

result iri .any such kind of genera:1 sy~~etry for our purpcise and l~ad tot.he transformation. -

~Lihe Lagrangians' as sum of (2o)~nd ,(22). . . ·. , . 
- ~-- ',. '. ._-,: -~· : \_ \'. 

·· ... The locally gauge invariant_firstorder Lagi:angians ( 10) and (14) ·are singular. because 
_;·' • I ··/ .. , . . . . ·: ... 

. · the Hessian with respect to e is-zero. As a ~result, we have. .primary constraint II~ ~- Q which 
,. ', ·' - . . . ~- - ' ' ~ . .. -- -

. s~bsequen;ly leadi fo the-~;ist~nceo~ the secondary constr~i-nt i-1~1i -·~ 0. .To quantize 

_·· stich:ki11d of c~U:st~ai~ed_s;stems; oii.e uses either bi~acbraiket _app;~a~~ [13] or in~oke~ 
,O .• '. .• • ' ' .• -~-- .• . . • :. T.- _ __.:..':• '•. •• ,) •-'. . ' ' • .. '.,,•:,. ,• - r • 

0 

• 

• the BRST·fotmalism [11,12]. We follow here _the latte; 'approa~h, which is _covariant 

;quantizati~n procedure and ~ostsuitableforth~gauge theories; The BRST prescdption' , . , 
.' .. · ' - ,·. •. _.: . " .· ::'. ' . ., .. ' .:' ' ·. --

\ is to,replaci codimuting ga~ge parain~t~; w (.a~d reparimetrizatio~ pararri~ter.t:{by _an 
\ ' , --; 

anticommuting numbei\7 and anticoriurtuting ghost fields.c,(.and .,\). The total BRST ·. 
·:_.' . ;" .-~---.,· ..• -_-.-._, .·-- ,,,~ - ·::.' \ -- .•• · -~' - •,: ··-· 1· • , ·: ,-· ·> 

invariant Lagrangian contains gaugefi~ing term and:Faddeev:Popov,ghostt~irris:which-·' 
. . ·:. - .' ,_ -·, . , ·~-, '· .·. ,._ ·- ··:- ·. ·,. ~· -~ . .:-

~an be obtainid as f~llo~s (17]: . 
. , 

· :ri(£a.F.-+i;.P.) ~ (!;)[G){e~~(})}] 
. -. ,: . ~ 

'(2,5) 

,-~._,. '. ·., --_ ,. -- :·. ' ··, ';· ,' ~_·. -- .•'· .. ··· .. :_- . . ':, ._' ·:·_< •_,. :~ . ', ."'-

where C (arid .,\)_areanticommuting antighostfields and b(and B):ar~ Nakanishi-1-,autmp 

-·. co:nmuting Iuxili~;y fields. · The ni{pote~t ·_ B~ST trlnsf~r~ations • co~r~~;on:dini, to· ~h~ ·. 
. . · ' I~",, · • 0 • ·, ¾ ·, :, •• ~ • - '':"-, • ~ , ,_ • : , •• " • , • ._. "· • 

I 
J ,·. 

. I , - i 

;" / ' 

gaug~ symmet~y for the total B_. RST in;~riant. spinor Lagra~gian ~ ct5> a~e as follows: 
' - ' _,. . ' ,. :.,,._,. 

·I/ . 
OBX~ 

·oBpµ 

; •., I .•• •'· ... • 

= ric(p" -~- ~V"); ,oBe = ·ric;. o~a ::o:: 0;· 
2 '. . . . . . 

= 0; ic ;,,;' 0; ::6Bb = 0; oBc = rib. 

B .. ' . .. rice,' . T •.•·. 
o_<f>,, = --:-_ T,Cup(U•PJn<I>-,, 

. \: rice./ . 
0B¢,• =---c,,p(u · P)n<I>-, 
. " '4 . . ' . ' 

(26) -
. '· 
(27) 

and forthe,"'terisor" BR.ST invariant La~ra~gi~n, i~: addition to,(26), following symmetry 
' ' 

_t;ansformatio;s afe required: 

, f • - I , ~ , , , , I , '· ;. ' ' . . 

B . rica . v · - B ·' rica . ) 
0 Vµ = --;;:-SµvP . a~d O Sµv = --2-(Vµ~v -::Yvpµ); .(28, 

• The nilp~tent BRS-r° transf~rn'i.a.ti~ns of' corresponding to the repara~~trizatiori sym~ 

.. met;y of the total BRST irivariant sp'iU:or ~Ild tensor FOS Lagrangian~ d 5·~>' ,can· be 
~ ·-:: .• i • . • • - : . :.✓ • ,i \. 

'· .. C()IlCisely expres~~d as: 
~ 

bBiJ>. = ri.,\<l>-~ '
0

oB~;,,, ri'.!!._(e.,\; ·. 
r. •. , .. · , _r . dr . • (29) 

· ' '. cB :X · :::1·, ri··' i .·.··_OB' == riB· OB B ;;,_ 0 
vr A ' . . . r., A ' r . 

<' 
\. . . - . 

~h~re' (if>;= x;,P"' a, <P, <ti, VµandS"~): Und~r above gauge and rep_axam:,trization B~ST 

, transforinations', the total L~grangians undergo following change: 
• "d . , . . . ·- \ • ' /. ' 

-, : ' . - -. . . . ' 

\ 

. OB c,(;,T) = 1]± [!:(p2 _ 2~';: v-~ ~f+ be] 
· · 

9 
• _ dr 2 . : . ' · . , , 

(30)' 

and,. 

o_B £(s,Ti = ri· d, [-.,\~(S •. T) +B_ a_(eA __ )] .· 
{ r . dr · 1:. dr , 

'-1- (31). 

. Th~ application of the Noether theor~m leads to .the f~liowing <;~n'se~ved BRST charg~sQ · 

_and Q, co~~esp~nding to both the lbove cited symmetries:. ' 
' . ' _, ,,_; 

. c · · · .: . -· -·· .· - ·. "e' 1· · .-' ·• ··a· .. : -
Q '."' 2(p

2 
+ a(e)) + b~ ;and . Q, = ~(p2 +. a(e)) +,Ba/.,\e) . · (32) 

I I . \ .· •. - . , ' . .- . • ·, - .,, ':' - ' . 

As is clear from the BRST prescription, there· are two-fermionic'ghost fields corresponding ·-. ' ' ,, '.. . . . .. - .· . 

'to one c;oni~uting g~uge paramet'er>This ;ymmetry in the field c~ritent results i_n anotl;~r I 
' .... ,; . . . . ,. .. ·_ .. . ' .) ... ' . : ' . , ' . ' ' :' . ' . . ·, .' . , .. 

conseryed charge which is christe~ed as anti,BRST charge(, Q ). The transformations 
-·' ,~·', .· .-·. ..... _·· .. -. > --- .. · ·.· .' ~ ,· ·.·:-' ·~ ' .• ~.:·. · ___ . '.', " ._;: :: : .'_.· - -·· :;.~·-

generated by Q_can be obtained by.replacing ghost fields by anti-ghost fields and requiring 
~ I . ,., .. _.. - ~ . , ·~ , . , • , . . ' ·- ~ -_ ·-,'., . - -

·_·7: 
"· 
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anticommutativity ~f-th~· BRST and anti~ BRST charg;s. Recently, the usefulness of the • 

latter has been pointed otit in ref~.: [16,18].Jt can.be explicitly_ seen from ~quation (32) 
. ' • -I . ,, 

that the replacement of c by',\e in the expres;i~ri for Q yields the expressi~n for Q,. This 
' • ·' > • - ' - • ·- ' - ' 

is not ,surprising because the following E~ler-Lagra~ge equations (Jor ;e # 0 );in addition .. ' . . . . '" ' ~ . / . . . ' . . -.· 

to· (23), ha~e been-used t~ derive Q an<;! Q, : · 
-- ' - .', • u 

,d2 
_. -c'· = 
dr2 ,, · 

(b,B) ,.;, ... - ~ 

; ' 

d2 .. :· d2 - . . d2'. . . . .• 
-d 2c = -d 2·,\·= -d 2 (.\e) = 0, 

T - T T. · • 
' '' . ' ,, 1·• ,_ ' ,: 
-e; · (b,B)~:~2(P~ +.aw( 

... , (33) . 

The canonical Hamiltonian' (H;) derived from the, total 'BitST in~aria~t gauge La-
'•.• ; ·c,(ST) 
grang1an_: 9 •. :, : 

• _ • ',, .: ~ ·-. -· '. - ·,, ! . 2 . 

· . e ( 2 . . ( )) . • b /• . 
HB = 2 ~+at +cc~:2 ' (34) 

is decoupled in terms of th~'co~served ghost momenta. Furthermore, it will be· noticed . 
-- • i . . . :· -- I' ·--- - -· _, - ' - ,. ' -. --, "· ••• 

-

1 

that the ghost fields have no interaction with the rest offh~ field~ ith~·the6ry. Thi:is, the -
·._ ·",.. " ,· ' .• -_._ .· - ' :··:·_ :· ,: _· . . >_.,·. . ,_: _:_~_:_ - --- :· ,_. .·"', .:·:-~- . --~ .· _.' .. f ~ :-· 

· quantum states in the total, Hilbert space are direct product.of the. matter states arid the -
' . ~: . . '. - ' ' ... . .. ,· -:, '' . . ' - . ~-- , ' ' '.. , 

gh?st' state~: (i.e. lphys >~ lmatt > 0lgh~si'> ) [19,?0]. The gho'st stat~s are designa~ed , 

', , by thci ghost ~timber which ~orresporid~ tci the eigen: valu~ bit he conser;ed ope;ator: 
"- . - . -·:,- ' - ·- : . - ·~. -.-- "-" ' -- .,, '' ·, --_ '-·,· 

Q9 ~~~+cc;::· ''._(~5)'. 

emerging clue to the global ~cale in~aria~ce of th; gh<>st t~rm in th~ action.''.By'ex~loiting 

.·. following, Bft_ST q~antizati~n relatioils: 

) . . 

[x,,,p.,] = i77,;.,; [~, b] =· i; { c; ~Y= ~i; 

·' '[<Pa, <Pp] = [<ft:, <Pp] ."."' ie;afJi , [S\y] ,;,,, iVo, 

it _can be seen th.c.1.t the following BRST alg~bra is 'satisfi~d: 
_ ... , ' • • .-- _, :- ~ ·,,. ., ~- : • •• J ,,_. • ' •• j • 

\ ,-- {Q,Q} = O; 
,·. 

[HB, Q] -~ 0; 
,,-

. [iQ9 ; QJ = ~; : . [Q9 ; Q9] :=·o :_ · 

[HF.P., £;ia);;, o, ', 

. (36) 

(37) 

wh';;re Hf,_;;:, = -~c:i~: t~~- Ha~iltcinian cori~spondini t~ the: gho~t \er~: This ;;.ig~bra, 
• > • ,, i-' ,; - . ' •. , • '.;- ,_ < -'-

tog~ther with physical ~iate condition ( Qlphy.i >·::: 0) 'provides the k~y ingredi~nts fod,he ,, 
, ~, -,,_. -,. - .· - , ·,.. , ,, .r • . . : ·-, . . ,- : '", 

, . 1 . , 

•. ! 
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I ,, ! 
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~ proof of"Unitarity of theS-matrix '['.20], framework for the ~o~fin~ment ofthe unphysi~al , •• 
• .. ··., •. ,. ,,- •I·, .,, • ,. . ' . t - ' 

·particles through q~artet ~eC?anism [21] etc:. 

'one 0£,th~ u~satisfa~tory part of the BRST' quantization proced~re is .the fact that ' ,, -.·. -.......- . . . 

there exist .lllore solutions -to the quantum states than, are physi~ally allowed. To' extract , ,' , 
. · -. - . . -·. -- . ..- ,., . . . ·. . - , . . . '.).·. 

· ~ut only the physi~ally meaningful states, one invokes additional constraint· on th~ total 

. quintum statesby. r~quiring .th~t the, conserved and nilpotent BRST :charge Q must 
. ' ,· ', ,· ,· , , · .. ' , ,• , ,, .' ,:' ', ,. , ',·,, .,. 1:. " , ':•' 

annihilate these states ( i.e.Qlphys >= 0). 'fhe dy~amical ~riginof this outside 'constraint · 
- • • ' • • ' •' - ' • ~ • •• • - - • -< 

has been sought out in. the fr.;,mework of .t_he l~cal-B~T in'variance [22L However,' this 
. ·~ : - . ~ ; ,,. ··. . . . -:, ' . " •. ,- .. ·· ' ~ ',. ' ' ,. ~ . ·. ' . ' 

approach suffers from the requirement of "ghost-for~ghost" ad-infinitum. Recently, :various 
' - - . . ,, ' ':,·, . - , .. , . . . , ; . ...,_ . ' . 

subtleties, inv:olved with. the ;upplementaryconditions t~ he imposed,on Qlph!{S '.>= d 
hav~ been'. di~~ss~d in refs.[23;24]: .• However, there are still:some. intri~ate issues· that 

, n~ed t;an~par~nt clarificati,on. Here we shall pursue the usu;il.pr~cedure of picklng·'out 
- - ,' • J ,_. --::-- ' " ·- .,· ·,- 1. ' ,_ .•• _, _: ' ,· - ' ' ' 

; the phy~ical states [201 and ;e~ark on. scime salient fe~t1ues relevant to the auxiliary 
,,. • ' I . •.• ',. ' : '., ' ' •·.: . •:_ • . ; -. ..' . ..,_ ' """. :, , •.·. ·,; • \._, ••• ~, j, :• ,.-- ,· . ·•' . 

-~o~'ditions,following the discussion ofref.'[24]. Besides U.lmatt >""".' o; the physical stAte 

~~~dition·l~ads~ti' the f~l~~widgres~ric~io~ -~n the qua~t~~ stat~s:_:·· ' . ,' . 

(p2 ·+ ~({))l~~tt ~= o .. (38) 

It has been de~onstrat~d in ref.[10 l that this condition co11pled with certain restriction on 

J ( () ( iiam~lyi\(f()',( fr.> 0) ~an, be translated into ~he:Re~~e:frajed~ry rdfticmsliip . 

. whi~h amo~nts to· the :dynamical· grouping together of~ the ·;tr~ngly interacting '.partici~s 

·.· ... ~£ varying rilas: and ·s;in,'.but.ctith ·_the same h~~~~~ic. ~~~tum n~mbeis, _into,si~~f~ 
••' ., . ,' • - ' . . . s..: ·; - ' , . . . 

. •f.;,milie; [6]. T6°_be ~ore pre~i~; the specifi~ choice off{() ~Io('\( lo·> 0) in powers ofos' 
, , • ·;' r · .~--' · :•• ~. • . , •. _' ", ; ,-- . ; • - 1 __ ·-- ' --...: ' •, · ':. '_•' • ' . :·,,, •. • 1 - '. • • · • . • 

argument,leads .to the mass M ( M j= (--:-p~)•) and the spins (Ms= (W2
)•) relat_ionship 

·')~ - ·-~ : - -_:_-. ~--_. I _ _' . ·-., -: :· ·., ·., •-'.,, .·. ,' .--'' ·--~. ~ '2 •. ·• \ - .·:_.~ 

in the functional form.:· M,(s) =, M 0 s" where a is shown to-vary.as::· -:1 <a <.+L 

~eJ.M·= Mei) .,is, the f~n~~i~nal solution of the con~ti'ain~ eq~a~i~~, (38) expres~ed as ': 

M 2 = a(Ms)'.and·M~ is"positiv~ rr:u1:iple of lo• Ulti~ately, it h~been shown in ref.[10] . 
' . ' ~- ' .- . ' <. ' - ' . ' - ,-

that for each•quantiini state with spins, there exists only.one Regge_tr~jectory.'. 
. . \ - . -· . 

... 
A_ver/subtle ~:oint, is the di~cussion about the iiperator ani ~tate cohomology of t~e. ' 

, , .. phy,sical stat~ condition·(38) in view of th~··re~ent r~ults,of ~:fs. [23,24' l ;h~r~ ge;~ral 
'-·.:._: - J ' ,• -·-. ' , --= ... - ~--•, ~ : '. ,.~ .: , ... , 
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auxiliary co~diti~.:1s,incli:ding \Vell-known supplementary restrictions such as anti~BRST 

[17( and co-BRST [25] etc., have been derived. As indic~ted in ref. [24], it can be .. / . . . . . . _·- - ' - . 

readily s~en in the models ~nder consid;ration that the gauge-fixing condition x ~ x•:r 
. . • . . • ' • . . ; . . • p 

( p0 -I 0) leads to the BRST·q~artet (p2 ·+-o(e); xi Cj C). whi"~h fi!1ally splits in~o two- . 

doublets(p2 :+ a(e);c) _and{~;~). ~s- a conse~ueni:e of Qlphys _>= 0, either of the;~ 

doublets must annihilate the physi~al states on their ~wn right: However, the ~anifestly · 

Lo;e~tz i~v~ria:nt conI~raint is still (38) which _ainountsto the anni~il~tio~ ~f the 4uantl!.~ . . . \ . . . 

states by the_ Regge-trajectoryconstrai~t. 

-· The generalizatio'ri' of'the. se~ond order spino~ Lagr~ngian· (9) to the. c~rresponding 
' . ' , .: ,. - ' ' ' 

st~ing theory action is straightforward be~i{ise an the deriv:tives with respect to T can be . 
• • • ' • • ~, • < ~ ~-

·' I , ·.. . , . f 

.generalized to t_he two-·dimensional sheet-derivative ( 8a) and the one dimensional metric . ,.. - ' . .; . ' ·. ' 

i; e can beext~rided to"the two-dimensional mehic {Yab)asfollows [5]: ,, 

s = ½! ~ p✓ggt8aXµa;;tTJ~v -½1 d2p~g~(-ffg~b8aXµ½~~~v)_ 

\ - ½Jd2p(4,T;';;,_aaa(+-1>tu2_,a8a<th :_ . . . ; (39) . 
~ -, ,, I .., " 

where (p0
; p1 )=( Tj a) 'aie the p~ramete;s char~cteri;i~g the world~ sheet .traced out by tn~ . 

, . : ,,,.. - ,·/ ' . . ,: '·, . . . .~ .· . ' 

string; a,' b -~e t~~-worid-sheet i_ndices i!-~d ~ ,a are. the matrices defined on this \1:ert which ; . 
',' .. . . - ,, 

· can b~ takeri a8 , 0 
::::: i:12 and ,i. = iirliri the'Majora:na representati~n: These matrices, in 

•• • ;, \."'_, t ' ' ' .:. ,'. • ' .. - •• ,:, .._ • •;• 

turn, generalize the light~like vector vµ ~~ pi~k-up Oil~-sheet index (i.e~v: = ½1>ta'µ1a</>). 
. - ~ .•. : ~ . ' . - . '. . -. - . . . ,· . . . . . -'. . . . . .. : . . . 

· _The propagation of this string sweeps 'out a helical two-dimensi'onal world- sheet in the 4D - . - . . ·, . ,, '" 

. target spa-ce. This~s due !o the fact that equatioii; (23) des~ribe the helkal; motiori [26] 

of the indecomposable ;bject that corresponds to the infinite tension li~it of the striiig 
-......,... , ', ·., . ' . • 1··-- .. ~...._,'-.. I'. 

action (39). _! 

It woU:ld b~ int~resting to note that the second term in (39): which plays therole ~f 
\ . ' '-' . . .. ', . ' . 

the cosmological co~stanLterm, depends on an arbitrary function J((); The degenarate 

ca:e [10] of the arbitrar; fu~cti6n :f(() = c:C+ ~ ( w~ere c;'-and-C2 ~re const;nts ) 
·' ' ! ' ,. . ' ' ' ., , 

leads to the constant value of o(e) = 4C1 C2. In this limit th~ second ter~ of.the equ'atiori' 
< • .,. •• ' ' • ., '. ' • ·'"-, ' 

(39) beco~e; id~nti~al to th~ cos~ological constant °term of the usual string th~ory [27] .. 
.,·.·~-·, ... ~ ~·.·,' :. ·\·~.-· .·, ..... ·. 

Furthermore, the condition C2 =:= 0 ( or- 01, == 0) corresponds to the striiig action in .which 
- • ·- •- ~ • ' ' ,. . • ., ' 1, • -, - ~ . : . : - • ' ' ' --- •.•. ' - ~ • -

,·•1 ! 

-:.10 

,· ... ,-, ~· -~ 

.. -!:/ .. , .... : 

/{ 

l 
r 

I' 

I 
I 

1 

the. Weyl i~variance is resp~cted at the classical ievel. Iri. view of this iiitere~ting feature, - . ,, ~ . '•· . 

' the action (3,9) has an edge ~ver th~ usual ,p-brane theories in _which Weyljnvaria~ce is 

not respected even at ti1e· dassical,l~vel. The param~tei de;edde~e of the seco;d term in, 
• ..-- I -- • ' 

· the acti~;~(39f might shed light oii_t}le cosm~logical con~tant problem iii the .frame\v~rk 

of the· sti.fog tli~ory.<The int,e~e~tirig p~ob!~m for fut~re i~vestigatio~ f~~ this acti~ri (39) 

i; to determin~ the critical dimension o( the space-time iii which the quantum version ·of 

·. this ~tring.theoi-y is co~sisient, follo,~ing t~~ procedures of r~fs.[28j. :_. · . 

Another related topic of interest is to consider the gauge theory o"f N~relativistic _in-' 
'. •' ~ .. , ' -, . . , , _\ _: -. 

· decomposable objects described by ·the'.Lagrangian (10). and coupled by linear harmonic 
- , .-• . ~ ... . . . . ' . , ·. ''. - . . , " ' 

·. forct;s:-_[29J. One, of the key ingredients in,ref.[29Lis ,to-fir~tl; ,obtain .. a "~udi~entart 

L~grangian and look for its rigid (global) symmetries .. Th~ first ord~r,Lagringian (Hl), .: 
. - . . ··---· , . . ' . ,~ ' 

without the gauge field e; ~anbe recast in the foliowing.manifest global gauge invariant 
,. , ~,··· .. ·--- ' ' • . • -

form: 

~ .c~')' ~~~P!C(8r - H~)i.2 ~(¢,icJi + ic/) 
'· ,. ,, 

(40) 

,wh~r~p_= ia2,Hn = ½(cr1....:._iu2) and t.hecoh.i'in.~\~cto~lll wit~elern~nts :'1111 = PA '1121 = 

x: ·. bear indices A~0,1,2,3 a~ 4D Mink~wski iridi~~s .and a~ _e.,;;traEuclide~n dim~nsion 

·(i.e.A =; 4)for the introduc~iori of the cosmoiogic~l ~~iistant°i~r~·o(e) by ~im~risi~n~i' 

ied;Cti~n (p4 ''=:==' ✓~(e}:and ±4 ,;,, 0). We'ha:~.dropp~d -~ totaFderivative term 1,(px) :- . 
• ' ' • ' ' ~ • ._ • ., •• < ' -, •• ' •• \ • • •• ' .. ~ : • • • -· ) < .. , • • • -

because.)t does not influence the eqtiation of motion:. The above Lagrangian is invariant:. 
✓ . ~ ~,,- • • - ' ,, . " .. .... • < -

unaer foll~~;ing rigid:gauge tr~nsformatio~s: ;: . 

5w = Fw; .fi'i> ;;.·1-¢~; ;(5¢,~ = 11> '(41) 
.;. - . \ :.·.- . •. .· . . . . ·-

with restridi_ons ~n t_he g11,ugeparainete~s_as listed below: _ 

I T . . . . 
FC+CF = 0;, .[Hn;F]=_0;·, 

;Cl~ +fC = .O; c1+1tc::::o.• 

. Thes/~~tiori~ are satisfied by foll~~ing'cholce oLiri~trices, i~\d~i~ioil. toC ;nd Jin 
.'•.::-~·- ,•._,· -~ >,., \,·.·- .. ,-" ·--.·· - ·~ ·.· · .. -·,·--,. 

as quot~d-above:' -
. ' ' 



_,.,~ ·~ ' ,- ~- ~ ' > ' - .. ' . 
wher~ n is the global (-i- tndependent) gauge parameter and ·1- is a global four-vector. Now: 

' J' • J - • ✓ --....· • , i . ' .• .~ :.., . . . '. J 

. the Lagrangian (40) can be genaralized to _the multi-relativistic indecomposable objects 
• J --- • ', •• -· • ' ' -- • 

coupled by harmonic ·potential. To see this, let us consider the simplest case·of two ;uch · 
-• -. . ' •', . . - ·' .-:· . . -· ·-. - . 

:objects bou~d by the harmonic pote~tlal_(i~ei ½kx2 ) with force constant k. 'vVe shall {,~c 

here thti ~eii.ter of mass cO:ordinates (P,X) and the ;elati~e co-ordinates (_ p, x ). The 
• • • . i • • -

·spin,o~s ( ip, ip~) and ( <p, cp*.) ~re attached to· these co~ordinates: The Lagrangia~ ro/ such 

a coupled system is as follows: 
'"-,' 

··'V £. = P • X·- e~(P2 + ~)-~ ~(i;2ef> + <P.tu2J;•) · 
:- .2 .. . .·. 2 . , . 

' . . ..,_ . . . . .· . 

+p. :i: :_--~ ci2.+ ~• + kx2)- ;(cpT u;<p+ cptu~<p*) 
. ... ~ , ~ \ 

(44) . 

. wher; the arg~ments of ~ a~d ~· ~r~°(:-P_: v.S and (-p. i, ). The light-like vecto~ V" 
: is given by equation (3) and .v" is obtained from it by replacement: ( </>, ip• )'......( cp, cp~). It 

' •; .' r., '; - .. ' ' 

~ill be noticed t~a't th~ harmorii~ pot~ntial is ~oupled to the m~tdc e1 in such aw~y that : 
' ~ . ' ,. ~ . ' ... . 

.. '~he total' Lagrangian is Lorentz and repa~a~et~ization ·invariant: Th~ dynamics of this .-
. ' ~ ' - \ -- ' 

· syste~ is dictated by the four fi~st-class constraints .. Th~ g~herator g, given by: 
. ... - . ·, - ; '- ,·-... / - ,,,: ' 

- ---., 

' ·.- /" ·. ...-----. .-· :::. .,-· .. -: 

. 'g ~ w,;IIe. +~"iiei+ w;,(P2+ a)-f w1 (p2+ a.+k':i:2
) 

. · . . , • · · · ·. 2 '. < .·2 ... · , · -.,:, 

· 1~ads ·to th~ f~llowing gauge t~ansforrii.ations: 
' ' .· ,,. . ' . . ' 

.--..., 

. . I . ,· • - : .,_· . 

_wo(P" 7 ,; V"); oP: = 0; Ii~ ;:' 0; lieo ~ wo; lie1 ~ w1 · . 
- ' ' , .' ,, , ,- _' -, • ' - - < •• • ·,. • i ~ 

w1(p"..:. 0
• v"); · 6p" = .::.:J1kx"; . . Sa. = w~ka:v · x; · 

liX" -

Iii"' = 

liip(T . = 
,-·· :-.? -- '- . ·. :'- '.• ;· . , I 'l . , ,, -~ 

WoO:. . ( P.}T ,1.• •. - .. c,1.• . WoO: ( .• P) . ,I. . 
-T£"P. u • p-y'I'-,, · • u'I'". = -:-.~£"P u • n'l'_-r 

ccp; ,_,·wio:~ ,;··_,_ :·· T, ·~ --~ '., ·.- ·. -~1~~-. ,: - :.- · 

- . -Tt:"p(o;.· p)ncp,,; licp" =,::-Tt:"P~u · p)P';~-, ~ . 

(45) 

'I ~ 

· '(46) 

.where w~ arid W1 ;re th~ gauge parameters; U~der above transforrnati6ns, the Lagrangian 
'. • ~- • i • ' <, i ' ' ,~ ' ' 

. . .. •. . . l 

· undergoes follo~ing change: 
', 

._·,lie= .. dd [w0 (;~,-2a';.V-a) +w1 (p2 _ _:_·2a:p:-~"~ ~- ~ k;~)_]. (47) 
·. 'f. 2 , ~- , . '• · ,• 2, · •. · , ·. 

The BRST quantization of this system can be performed ~ :outli_ried earlier fo; the single .· 
, ~ : \ '\ , ' . , ' \ '.'.' ~. ' . . ' ,- . - ' . .. ' . . . \ .'·. , . ~ ) 

indecomposable object. The nilpotent BRST charge(QB) is·as follows: 

QB= c0 (P2 +a)~ Ci (p2 +'a.+ kx2-)+~b~co+ b1~1 ·. 
, · 2. · · . · ·2 , ·• ·. -. · ,. · , · · · 

'-~-·. 
I. 

) 

-•t 

I 

wher~ b; a~d c;·(i=0,1) are Naka~ishi-Lautrup auxiliary fields and Faddeev-Popov ghost 
,' !. . ' • ., ., . . ,. • 

. _fields respect
0

ively.'This approach ~an be g~neralized in a straightforward mariner to the 
, • ~ • ' , • • • • • • • • ' I • _,.• • 

. multi-relativistk indecomposable ·objects. 

.Another unsolved problem in the context of our discussiori is· to consider these Regge-
, • _, • - • • • -- • , ,> • • • , • 

. trajectory models and their generalizati~ri to string_models in.the non-tri~ial background 

. fields 'f;llowi~g th~ meihodol~gy \i: refs,· [~OJ. The supersym~~tri~ati~n of these models 
," ' , _.: , ., •• "/ • ~ -p ~. ,,- • •--:: - • > - ' ' ' I 

is yet, ~nother inter~sting project for. future investigations. We hope to ~o~e to all the_ .· 
. . _.. ,,'. . ; ~ ' , . . - . ' . ' . ~ - , . ~ 

problems, indicated above, ip.'fut~re. .·. · .. ·.. . . ~ 

Pa;t of this ~ork was ~o;e a{C~nt~r for Theoretical S,tudie~, I.I.Sc: ,Ba;galore {India) 
' . . - ,. : ',. ' ·-. ' .. '. .,,_ 
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