





~The theorles of the extended ob_]ects have attracted a great deal of 1nterest dur1ng the past’ T

5 “,few years The lead1ng candldates for such an 1nterest are pr1mar11y (super)strlng theor1es

[1] and (suPer) P brane (p > 2 ) theorxes [2 3] DeSthe remarkable successes, there aref

> longstandmg questlons wh1ch stxll defy the1r clear cut resolutlons 1n the framework of L
these theor1es Among others, the unphyslcal cr1t1cal d1mensrons of the quantum strmgi &

theorxes and the loss of the Weyl 1nvar1ance, even ‘at the classrca.l level 1n the case of the»” i

fp brane theorles are’ pr1me examples These are preclsely some of the re ons that few'~ . f"'

ttempts [4 5] have been made to. provxde a v1able alternalxves to these theones The =

,model of ref [5], where the 1deas of the free rela.t1v1st1c top [6] and partlcle are comblned B

‘together, has also been consrdered in the framework of the BRST formallsm [7] However,

#,

due to the presence of the entangled web of 1nteract10n terms 1t is dlfﬁcult ‘to compute the S

crltlcal d1mens1on of the space tlme 1n which the quantum strmgtop theory, developed

ffromlthls model would be conslstent
: 1 Recently there has been an upsurge of mterest in the thstor ( two-component commut-: o
- vmg spmors ) formulatxon of the superpartxcle and superstrmgs[S 9]: The purpose of the: o

: ’present paper 1s to develop a gauge theory of the classrcal models for Regge traJectones‘—'

"[10] where the role of the tw1stors has been h1gh11ghted m provxdlng the mass spm re-

e eh A

latxonshlp The ﬁrst order Lagrangxans of. these models are endowed w1th gauge and,,\:

reparametrlzatlon symmetrxes whlch are shown to be equ1va.lent These symmetnes a.re, G

~in turn, explo1ted to qua.ntlze these models m the framework of the BRST forma.lxsm"
; [11 12] One of thc classrca.l models is generahzed to the correspondmg 4D strmg theory L
,' in wh1ch the chl mva.na.nce 1s respected a.t the classxcal level under certam restr1ctlons ?‘t o

The repa.ra.metrlzatlon and Pomca.re 1nva.rla.nt spmo'

Lagranglan(ﬂ( )), descr1b1ng

ithe mot10n of the mdecomposa.ble ob_]ect m the conﬁgura.tlon spa.ce wh1ch ls product of f

ftthe Mll’ll(OWSl(l space a.nd the ﬁrst order 1nterna.l spa.ce (FOS), is as’ follows_ [10]

_where ¢ and ¢‘ e the commutmg tWO'COmPODGHt Splnors that tra.nsform as deﬁnmg'f

nr;l ni’ wlui% s
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l .jof the twrstor components a.re suppreSSed here for the later conven1ence The 1nternal

i spaces that possess SL(2 C) 1nvar1ant symplectlc structure are called FOS and those whlch

do not are called second order spaces All the dynamlcal varlables are functlons of the B

e - fevolutxon parameter T and J:“ f dd’: ,f¢ = dd’ The argument of the arbltrary functlon f(()

i is the most general reparametrlzatxon 1nvar1ant Lorentz scalar that can be constructed

L

' mfbesxdes ( 2)2 1n the conﬁguratlon space Thls is glven by

v The motlon of the 1ndecomposable ob]ect descrlbed by Lagranglan (1) 1s constramed ‘
L i PR N

’;because, eventhough we. have assumed the four components of the co-ord1nate z“ to :

'r::_whele a(ﬁ ) satlsﬁes follow1ng useful relatlons

s / Uy as f’ 2f” a- af (f Cf)’ S
K ‘One can’ get r1d of the square root present in (1) by 1ncorporat1ng a metrlc e (or embeln)' T
"1n the Lagrangran w1thout sporlmg the Porncare and reparametrlzatlon 1nvar1ance The

% second order Lagranglan thus obtalned is as follows

SN - q'~ - g T
Tk E o ", r» . (S) _J:—_ e 13 V e T f
e /LS T 2e 20( f”e ) (¢ 02¢+¢ 62¢ )

It ‘can be readlly seen that the use of equatlon of motlon w1th respect to e and equatlon o

‘“ (8) lead us bacl\ to the orlglnal Lagranglan (1) we started w1th The whole dynam1cs of

S the system under consrderatlon 1s dlctated by the constralned equatlon (7) because the

( canomcal Hamlltonlan derlved from the Lagranglan (1) is zero. The ﬁrst order Lagranglan

» 1ncorporatmg thls constralnt and equrvalent to (1) and (9), is‘as glven below’ )

N

: The equatxon of motlon w1th respect to e ylelds the constralnt equatxon whlch has been

N

demonstrated 1n ref [10] as the Regge—trajectory relatlon ( We shall/dlscuss about the =

PN
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-" sa.me ThlS can be explrcrtly expressed a.s follows

£ ‘:371’?:E(P2.ff"(§),j7{“."“"k

The conjuga.te momenta ( H ) correspondrng to the va.rra.ble c 1s the prrmary constramt

H(l) =

I hwhere eis the 2x2 antrs}’mmetrlc matr1x wrth 512 +1 FOL the ”tensor FOS La.grangran e .t ]

: v’(14), the gauge symmetry transformatrons (17) rema.m the same but equatlons (18) are’ o -

_V:‘:"_(V#pvfl upu)

= /44(>¢T0.20.¢ + quo'aqu ) The tra.nsforma« "'*

t10ns(17), (1~8) ‘a.nd (19) are quasr symmetry tr ‘sformatrons [15] because the ﬁrst order

q ‘r L(T)L_Puz“——(p +a(€)) ’ — (14)

i The canomca.l Hamrltoma.n derrved from the La.gra.ngra.ns (9) (10) (13) and (14) is the R j' '

: ; H 0 (weakly zero) whrch in' turn, lea.ds to the ex1stence of the secondary constramt B

1 (p + a(f)) = 0 The latter constra.mt is obtamed by requrrmg the consrstency

= La.grangra.ns (10) a.nd (14) undergo followmg change :

: and (11) are reparametrxzatron 1nvar1ant for arbrtrary functron f (( ): Thls statement can

“ ‘:La.granglans (10) and (14) For 1nstance, for the followmg mﬁmtesrmal drffeomorphlsm\

} produces both the trausformatrons wrth approprra.te chorce of the gauge par’amet ;

At thrs Juncture 1t 1s worthwhrle to mentron that in addltron to the local gauge sym— .

-~ metries, the system under conslderatlon also respects reparametrlzatlon 1nvar1ance under S

S one-drmensronal drffeomorphrsm ('r—rr —e('r)) -As pornted out 1r1 ref [10], Lagrangrans (1)

L

i be verrﬁed in: a very transparent manner lf we. consrder thrs symmetry for the ﬁrst order -

L transformatrons

R

b,.schoose the gauge parameter to be W’ = \ce and use the followrng mass-shell condrtrons _ :

derrved from the Lagrangrans (10) and (14)




o

o oﬁ'-shell equlvalence of the gauge symmetrres and reparametrlzatron symmetry can also be'_': B

’.'establlshed as one can see that for the ch01ce w= ee, the transformatlons correspondmg j'_ p

; ‘:”remarns mvarrant (6;5 = 0) under followmg transformatron

Sl

0 whlch'

;-the He551an w1th respect to e 1s zero As a result we have pr1mary constramt H

ey

: the BRST‘ formalrsm [ 11 12]

e e T e - ok Lt

s namely, [6 6 ] = 0 Th1s requrrement can be fulﬁlled 1f the gauge parameter is chosen =

to be the Lorentz scalar under drffeomorphlsm transformatlons namely 6 w= e ,The;,'»» :

’ 'V‘,t’o 6, = 6 - 6 are tr1v1al symmetry transformatrons for any ﬁrst order Lagranglan [16] i

Thls can be seen expllcltly for the actron (S)correspondmg to the Lagranglan (10) whlch, : e n

’ w i »transformatlons afe requrred
e

i Thrs type of symmetry is also respected by the ”tensor” FOS Lagranglan (14) lt w1ll be‘

not1ced that the tra\‘formatlons generated by the orthogonal combmatron 6 + 6 do not'i,‘

We follow here the latter approach Wthh is covarrant s

Gl e T T ¢ B S < B o e

IR . e S nla N ) oo Cor L Lo ,‘ : A o ,:“ri .

: gauge symmetry for the total BRST 1nvar1ant spmor Lagranglan [,( 5) are. as follows

: 6 a:“ = qc(p“——V“) 6 e——nc, JBa"-O TR '. -
: 63 % och—‘ “6Bb= 0; 635-4 nb f S (26)

T g 77ca , _7'\ B T T : 'J
6%, ,~,> - eap(a PR 6%‘ f’4 corlo Dty (27)

and for the ”'tensor BRST 1nvar1ant Lagranglan in addltlon to (26) folloWing symmetry :

L /f\‘

S,,,,p : a‘nd" 6?5,“, =’

: b ﬂTICal
, 6BV“ EiTh

s

] The mlpotent BRST transformatlons 6B,Vcorrespond1ng to the reparametrlzatlon sym-
,-_metry of the total BRST 1nvar1ant spmor and tensor FOS Lagrang1ans [,( : ), can be

By oncrsely expressed as

‘“(p +a(E))+bc and. Q, =;é2.(,, +a(E))

:vAs is clear from the BRST prescrlptron there are two-fermlomc ghost ﬁelds correspondmg

‘kto one commutmg gauge parameter Tlns symmetry in the ﬁeld content results m another ¢ §

; \ conserved charge whrch is chr1stened as antr BRST charge ( Q ) The transformatxons

—

generated by Q can be obtamed by replacmg ghost ﬁelds by ant1 ghost ﬁelds and rcqulrmg’ .~




antrcommutatrvrty of the BRST and antr BRST charges Recently, the usefulness of thc 8
'latter has been pomted out in refs [16 18] It can be expllcrtly seen from equatlon (32)

. that the replacement of c by /\e in the expressron for Q yrelds the expressron for Q,. Thrs

> ‘1s not surprrsmg because the followmg Euler»Lagra.nge equatrons ( for e # 0 ),m addrtron j‘."j o

L '4to (23), have been used to derrve Q a.nd Q,. A "‘.*f i

,dv_.,d? d7(/\e)m0

e el M

,;(‘b’ B ) ,=‘,~——(pv,- + a(E ))

v "?grangran L(s T)

rs deooupled in terms of the ‘onserved ghost momenta. Furthermore 1t wrll be notrced

: l‘}that the ghost ﬁelds have no mteractron wrth the rest of the ﬁelds of th' ;theory Thus the

“quantum states m the total Hrlbert space a.re drrect product of the matter sta.tes and 'the

: :ghost states (1.e |phys >-" |matt > ®|ghost > ) [19 20] The ghost sta.tes ‘are desrgnate

,by the ghost number whrch corresponds tothe ergen value of the conserved operator

‘where pr

: : together w1th physrca.l state condrtron (Q]phys >- 0) prov1des the key 1ngred1ents for the ’

'-rs;’"subtletres mvolved wrth the supplementary condrtrons to be 1mposed on lehys >- _0

i proof of”umtarrty of the S matrrx [20] framework for the conﬁnement of the unphysrcal ST

, partrcles through quartet mecha.msm [21] etc. :_. e S

One of the unsatrsfactory part of the BRST quantrzatron procedure is the fact that i

there exrst ,more solutrons f.o the qua.ntum states than are physlcally allowed To extract EORE

out only the physrcally mea.nmgful sta.tes one 1nvokes addrtronal constra.lnt on the tota.lrfl'

qua.ntum states by requrrmg that the conserved and nllpotent BRST charge Q. mustf

anmhrlate these states (1, e. lehys > 0) The dynamrcal ongrn of thrs outsrde constrarnt :

has been sought out m the fra.mework of the local BRST 1nvar1a.nce [22] However, thrs)'k o

e ‘approach suffers from the requrrement of 7 host for- host” ad-mﬁnltum Recently, varrousl v
-8l 24

"uof vary1ng mass and spln, but w1th the same hadronrc qua.ntum numbers, mto srngle‘ '

L famrlres [6] To be more precrse, the specrﬂc chorce of f(() fo(" ( fo > 0 ) in powers ofrtstj i

argument leads to the mass M ( M (—p’) ) a.nd the sprn s ( Ms = (W’) ) relatlonshlp‘ o

brn the functronal form Vl M(s) = M,s where ais shown to~va.ry as

: M f— a(Ms) and M., rs posrtrve multrple of fo. Ultrmately, 1t has been shown in ref [10] ’,

‘that for each qua.ntum state w1th spm 3, there exists only one Regge tra._;ectory ;

: A very subtle pomt 1s the drscussron about the operator and state cohomology of thevr

23 24 1 where general'j

physrca.l state con rtron (38) 1nfv1ew of the recent results of refs



O T - 4
ey : . -

L aux1llary condltlons 1nclud1ng well known supplementary restrrctlons such as antl BRST, ‘

"'[17] and co-BRST [25] etc - have been der1ved As 1nd1cated in ref.. [24], 1t can be4 % :

. v;readlly seen m the models under conS1derat10n that the gauge—ﬁxmg condltlon x —-'

( P° # 0) leads to the BRST quartet (p + a({),x, ¢c ) wh1ch ﬁnally spllts 1nto two— ; s ;

: -‘doublets must anmhr]ate the physxcal states on the1r own rrght However the mamfestly

. R

‘,states by the Regge-tra_]ectory constralnt

el
.

The generallzatlon of the second order sp1nor Lagrangran (9) to the correspondlng :

3 strmg theory actlon is stra.lghtforward because all the der1vat1ves wrth respect to T can be‘-" S ;

/_

.generallzed to the two—d1mens1onal sheet derlvatlve ( 0 ) and the one d1mens1ona1 metrlcf

- //e can be extended to the two—d1mens1onal metr1c (gab) as follows [5]

i where (p ,pl) (T a) are the parameters characterlzlng the world— sheet traced out by the

i 'strmg, a, b are the world sheet 1nd1ces and 7 are the matr1ces deﬁned on thls sheet wh1c11

'~:_:ta.rget spa.ce Th1s 1s‘d ’

'f:of the 1ndecomposable ob]ect that corresponds to the 1nﬁn1te tensron 11m1t of the strlng\

actlon (39)

It would be mterestmg to note that the second term in (39), wh1ch plays the role of

: ‘T',bﬂthe cosmologlcal consta.nt term depends on an arbrtrary functlon f(( ) The degenarate

o leads to the consta.nt value of a(E) = 4CIC’2 ln thls llmlt the second term of the equatlon
B "(39) becomes 1dent1cal to the cosmologlcal constant term of the usual strmg theory [27] ]

f':Furthermore, the condltlon Cz = 0 ( or Cl = 0) corresponds to the str1ng actlon in whlch :

dOubletS(p + a(f), ) and (x, ) As a consequence of lehys > 0 either of these A s

s to determlne the crltrcal dlmensron of the space—tlme 1n whlch the quantum vers1on of

. Lorentz mvarlant constramt is stlll (38) wh1ch amounts to the anmhllatxon of the quantum; P thls strmg theory is conslstent followmg the procedures of refs [28]

ey o vLagranglan and look for 1ts rlgld (global) symmetrles The ﬁrst order Lagranglan (10)

e can be taken as 7 ='¢72 and 71 = 201 in the Majorana representatlon These matrrces 1n_v N
: .:turn genera.llze the llght like vector V“ to p1ck-up one sheet 1ndex (1 e. V“ = 1¢lo"7 ¢) ’/ b
e -The propagatron of thls strlng sweeps out a hehcal two-dxmensnonal world- sheet 1n the 4D ‘

to the fact that equatlons (23) descrlbe the hellcal motlon [26].‘3

”_)case [10] of the arbltrary functlon f(() C1C+ Gy where 01 and Cz are constants ) i ;

- not respected even at the classlcal Ievel The parameter dependence of the second term in |

i ’,the actron (39) mlght shed llght on the cosmologlcal constant problem in- the framework

K 'of the strmg theory The 1nterest1ng problem for future 1nvest1gatlon for th1s actron (39) o

e st

Another related toplc of mterest is to consrder the gauge theory of N~relat1vxst1c in- : S

ST »‘—decomposable ob ]ects descrlbed by the Lagranglan (10) and coupled by hnear harmomc

forces [29] One of the l\ey lngredlents 1n ref [291 1s to ﬁrstly obtaln a: rudlmentar AR

lpw)

: ) ’We have drop' ed a total derlvatrve term



':_ where Q is the global (r mdependent) gauge parameter and [ 1s a global four-vector Now S

' Vcoupled by. ha.rmomc potent1a1 To see thxs let us consrder the srmplest case of two suchz:\ N
- ?ob]ects bound by the harmon1c potent1al (1 e —Ic::::2 ) with force constant k We shall useff -

L here the center of mass co-ordmates (P X ) and the relat1ve co-ordrnates ( p,a: ) The :

e spmors (¢,¢ ) and ( Lp,(p ) are attached to these co-ordmates The Lagranglan for such“:j, |
' a ooupled system is as follows : Nl e T SR
s P X - —(P’ + )— —(¢Ta2¢+ ¢faz¢')' ;

FUA N ;\
+p z—-2-( +a,+k$2)——(99 02<P+‘P”2‘P)

o 1\ I

‘ w111 be not1ced that the harmomc potentral is coupled to the metr1c 81 1n such a way that

' _‘system is dlctated by the four ﬁrst class constramts The generator g, g1ven by 4\ el

g wanca Tl'wlnel ‘l‘ 2 (

P2+a)r —(p +cx,+k:l:)

: "”leads to the followmg gauge tra.nsformatlons

6X" _‘wo(Pu _\_a_VM) 6‘PM - 0 6(1 = 0 660 —wa,661 o= wl
= wr(P“— ——v“), 517“ = —wlka; ; 6 —wlka v z,k
4 }3 U)o : . ) i R 2

4 6”(0 P)T (a P)p'y‘ﬁ'r’

. 4

; 5

: *:undergoes followmg change

NoxL

"1‘;6[, L _[wo(Pz

3 : ;'_r"mdecomposable ob]ect The mlpotent BRST charge(QB) is as follows

(P2+a)+—(p +a,+kz)+b :

the Lagrangxan (40) can be genarallzed to the mult1 relat1v1st1c 1ndecomposable ObJECtS"':‘ ‘

. (44) e
b where the arguments of a and a, are. ( P V ) and ( p Y ) The lrght hke vector V“j‘

» is g1ven by equatlon (3) and v“ 1s obta1ned from 1t by replacement (¢, ¢*)—p(rp,(p ) It . :

8 the total Lagranglan 1s Lorentz and reparametrlzatron 1nvarxant The dynamxcs of thls

s The BRST quantlzatlon of thls system can be performed as outhned earher for the s1ngle T

.

m}lS yet another 1nterest1ng pl‘OjeCt for future lnvestlgatrons We hope to to'a
o roblems 1nd1cated above, in future, ';.'4 T
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: ‘where b and q (1‘*0 1) are Nakanlshl Lautrup aux1hary ﬁelds and Faddeev Popov ghost
‘;ﬁelds respectlvely Thxs approach can be generahzed in‘a stralghtforward manner to the

'rmultl relat1v1st1c 1ndecomposable ob]ects .'i Zu; e " - .. o

Another unsolved problem in the contcxt of our dlscusswn is to oonslder these Regge— h e

. trajectory models and the1r generahzatlon to strmg models 1n the non tr1v1a.l background -

: 3 ﬁelds followmg the methodology of refs [30] The supersymmetrlzatron of these models g

and A{chta Rcscarch Instztute, Allahabad (Indta) Fruztful dzscusszons wzth NMukunda,
& 'HS Manz, R K Kaul JMahamna and D. Scn ane gratefull_; acknowlcdged A It ts plcasure

and N-parttclc :I

My thanks are also due to Borts, Ruchzr Shukla and G R Na vbhushan for



[6] A J Hanson a.nd T Regge, Ann Phys 87 (1974) 498 T Regge, Nuo Clm 14 (1959)
951 18 (1960) 947 e

[7] R P Ma.hk Phys Rev. 43D (1991) 1914

[P

B and PKTownsend Phys Lett 259B (1991) 285 AS Galperln, PSHowe andi*v

i_;—PiiKSStelle Nucl Phys B368 (1992) 248 e

=

‘ liLett 232B (1989) 184 E A Ivanov and A A Kapustnlkov Phys Lett 267B (1991)‘;( g

[8] D P Sorokm, V I Tkach and D V Volkov, Mod Phys Lett A4 (1989) 90] P S Howe ‘ e

‘iD V Volkov and A A Zheltukhm Nucl Phys B335 (1990) 723 N Berkov1ts Phys : e

175, FDelduc, EIvanov and ESokatchev Preprlnt No ENSLAPPPL371/92P5'7° o

: [19] S. Hwang and R Marnellus Nucl Phys B315 (1989) 638

[20] T Kugo and I Ojlma Supp Prog Theo Phys 66 (1979)

v & 3 N

LTha [18] U Ma.rtensson Goteborg Preprlnt ITP 92-3- The spznnzng conformal partwle and 1ts (:';.

BRST quantzzatzon S S , A

".

2 : [2]] K lehljlma in: Prog in Quant erld Theo eds H Eza.wa. a.nd S. Kamefuchx,( North

Holland ]986)

[‘)2] J W van Holten Nucl Phys B315 (1989) 740

;BONN HE 92—11 Twzstor Izke superstrzngs wth D—.? 4,6 taryet superspace and N-: :

P preprmt E2- 92 337 Twzstor Izke type II superstrzng and bosonzc strzngs

\. \“ :\,

[10] L C Blendenharn, H V Dam,‘

‘ E C G' Sudarshan, Intl Jl Mod Phys A2 (1987) 1567

W

[11] C Becch1 A Rouet and R Stora Phys Lett 52B (1974) 344 Ann Phys 98 (1976) 287 L

[12] I V Tyutm

Lebedev Rep No 39 (]975) (unpubhshed)

i“(l 0) {2 0) {4 0) world-sheet supersymmetry V V Chlkalov and A I Pashnev JINR*

-GlMarmo, GMorandx, NMukunda, J'Samuel andf-fl

o [27] L Bnnk S Deser, B Zummo P D1 Vecchla a.nd P S Howe,

:[26] N. Mukunda, H v Dam 0 and L C Blendenharn Phys Rev D22 (1980) 1938 4

Phys Lett 64B (1976)

L Bnnk, P Dl Vecchxa and P_S Howe, Nucl Phys B118 (]977) 76

'f;j[28] M Ka.to and K\Oga.w Nucl.kPhy’s ,132129(1983)*443_‘,1's.Hw;ng;zphyg,} Rev: D28

«(1983) 26]4 :

: [29] A T Flhppov Mod Phys Lett A4 (1989)

Recexved by Publlshmg Dcparlme
ER on December 255 l992



