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FREE MASSLESS SPIN-5/2 GAUGE FIELDS FROMTHE LAGRANGIAN Sp(3) BRST METHODS.O. SaliuFaulty of Physis, University of Craiova13 A. I. Cuza Str., Craiova RO-1100, Romaniae-mail: osaliu�entral.uv.ro(Reeived Marh 17, 2003)An irreduible version of free massless spin-5/2 gauge �elds is analyzedfrom the point of view of the Lagrangian Sp(3) BRST method. The irre-duible formulation is obtained by means of introduing one purely gaugesupplementary Majorana spinor. An appropriate gauge-�xing proedure isdeveloped, suh as to bene�t from a diret link with the standard anti�eld-BRST method. The omparison with related results from the literature isdisussed.PACS numbers: 11.10.Ef 1. IntrodutionThe key point in the development of the BRST method is represented bythe understanding of the BRST symmetry on a ohomologial basis [1�7℄.Although they do not play suh an important role like the BRST symmetryitself, the extended versions of this symmetry helped at explaining some lessknown aspets. In this light, the Sp(2) version [8�11℄ is important to manyissues, like the study of renormalizability, the analysis of anomalies, andthe understanding of the struture of non-minimal setors involved with thestandard anti�eld-BRST setting. The raised interest for onstruting evenmore extended symmetries, like the antibraket-anti�eld Sp(3) BRST sym-metry [12℄, is due to many reasons, among whih we mention: (a) the appear-ane of a larger spetrum of ghosts/anti�elds, whih inludes that presentwithin the Sp(2) version, and, moreover, ensures a more �exible hoieand interpretation of non-minimal variables from the standard antibraket-anti�eld method; (b) the possibility to develop a gauge-�xing proedurebased only on one fermioni funtional, like in the standard method, thatleaves an aeptable freedom within the lass of eligible gauge-�xing ondi-tions on the �elds and ghosts, and thus a more transparent relationship with(4105)



4106 S.O. Saliuthe gauge-�xed ations arising from the antibraket-anti�eld quantization;() the revealing of a beautiful and rih algebrai struture of di�erentialtriomplex and homologial triresolution; (d) the onstrution of a simpleomplex via a total degree, whose assoiated (o)homology remains isomor-phi with those of the omposing di�erentials.In this paper we realize the onstrution of the Lagrangian Sp(3) BRSTsymmetry for an irreduible formulation of free massless spin-5/2 �elds. Freemassless higher spin gauge �elds [13�20℄ are important due to their onne-tion with string theory, and, beause of their remarkable gauge symmetries,they are promising andidates for building a uni�ed physial theory. Inthe meantime, the existene of a large lass of non-trivial interating higherspin gauge theories [21℄, at least in four dimensions, reveals the neessityof investigating this type of models. Initially, we develop an irreduibleformulation of free massless spin-5/2 �elds by means of adding one purelygauge Majorana spinor. Next, we remain within the irreduible setting,and implement the following steps: (i) we tripliate the gauge transforma-tions, and onsequently derive the ghost and anti�eld spetra underlying theantibraket-anti�eld Sp(3) triomplex; (ii) we solve the fundamental equa-tion of the Lagrangian Sp(3) BRST formalism, alled the extended lassialmaster equation; (iii) we develop a gauge-�xing proedure that ensures a di-ret link with the standard antibraket-anti�eld approah, and onsequentlyobtain the gauge-�xed ation. The resulting gauge-�xed ation presents allrequired physial harateristis, like spaetime loality, manifest Lorentzovariane and propagating behavior.Our paper is strutured in �ve setions. In Se. 2 we derive an irre-duible formulation of free massless spin-5/2 �elds. Setion 3 deals with theonstrution of the Lagrangian Sp(3) BRST symmetry for this irreduibleversion. In Se. 4 we apply a gauge-�xing proedure that enfores a diretrelationship with the standard anti�eld-BRST approah, and infer the formof the gauge-�xed ation. Finally, in Se. 5 we disuss the link with otherresults from the literature.2. Irreduible approah to free massless spin-5/2 gauge �eldsWe begin with the Lagrangian ation for free massless spin-5/2 gauge�elds [14, 19℄SL0 [ �� ℄ = Z d4x ��12 � ��/� �� � � ���/�� �� + 2 � ����� ��+14 � ��/� �� � � ����� ��� ; (2.1)



Massless Spin-5/2 Gauge Fields from the Sp(3) Method 4107where  �� is a symmetri tensorial Majorana spinor, the bar operation sig-ni�es spinor onjugation, and /� � ��� : (2.2)In the sequel, we work with the Pauli metri (� = 1; 2; 3; 4) and Hermitian-matries satisfying �� + �� = 2Æ�� : (2.3)Ation (2.1) is invariant under the Abelian gauge transformationsÆ� �� = (Æ���� + Æ����) �Æ��1� 14��� �� � Z����� (2.4)with the gauge parameter �� a fermioni Majorana vetor spinor. Here andin the sequel the notation 1 signi�es the unit matrix in the spae of spinors.The transformations (2.4) are o�-shell �rst-stage reduibleZ���Z� = 0 (2.5)with the reduibility funtions Z� = � (2.6)sine if we perform the transformation �� = ��, with � an arbitrary Ma-jorana spinor, then we have that the gauge variation of the spin-5/2 �eldsidentially vanishes, Æ� �� = 0.At this point we infer an irreduible formulation of the model understudy, following the general line from Ref. [22℄. Consider an arbitrary gaugetheory, desribed by the Lagrangian ation SL0 [��0 ℄, and invariant under thegauge transformationsÆ���0 = Z�0�1��1 ; �1 = 1; � � � ;M1 (2.7)that are assumed to be �rst-stage reduibleZ�0�1Z�1�2 � 0; �2 = 1; � � � ;M2 ; (2.8)where the weak equality leaves the possibility to deal with the general asewhere the reduibility holds on-shell. Ating like in Ref. [22℄, we pass to anew gauge theory, based on the irreduible gauge transformations (2.7) andÆ���2 = A �2�1 ��1 ; (2.9)where ��2 are some purely gauge �elds (that do not enter the Lagrangianation SL0 [��0 ℄), and A �2�1 are some funtions that may involve at most theoriginal �elds ��0 , taken to satisfy the onditionrank�Z�1�2A �2�1 � =M2 : (2.10)



4108 S.O. SaliuUnder these irumstanes, it has been shown in Ref. [22℄ that the standardanti�eld-BRST symmetry for the irreduible theory, based on the gaugetransformations (2.7) and (2.9), truly exists. Moreover, the BRST symme-tries s and sR assoiated with the irreduible, respetively, reduible gaugetheories are essentially related through s2 = 0 = s2R and H0 (s) ' H0 (sR).The last formulas indiate that the BRST symmetries s and sR are equiv-alent from the point of view of the fundamental equations of the anti�eld-BRST formalism, namely, the nilpoteny of the BRST operator and theisomorphism between the zeroth-order ohomologial spae of the BRSTdi�erential and the algebra of physial observables. In view of this equiva-lene (sine the physial ontent of the theory is not hanged), one is allowedto replae the standard reduible anti�eld-BRST symmetry with the irre-duible one. Then, aording to the main observation from Ref. [12℄, thatthe antibraket-anti�eld Sp(3) symmetry for a given gauge theories existsas long as the standard anti�eld-BRST symmetry an onsistently be pro-vided, we onlude that it is indeed legitimate to develop the LagrangianSp(3) BRST method for the irreduible version instead of that for the initialreduible gauge theory.In the ase of free massless spin-5/2 gauge �elds, we have that��0 !  �� ; Z�0�1 ! Z���; Z�1�2 ! � : (2.11)If we take A �2�1 ! A� = ��1 ; (2.12)the ondition (2.10) is indeed ful�lled, sine Z�1�2A �2�1 ! /�, whih is learlyinvertible (its inverse is /�=2). In onsequene, the gauge transformations(2.9) take the onrete formÆ�� = A��� � ���� ; (2.13)where the role of the purely gauge �elds ��2 is played here by one fermioniMajorana spinor �. It is easy to see that the new gauge transformations,(2.4) and (2.13), form a omplete set of gauge transformations (generatingset) for the ation (2.1), that is irreduible and determines an Abelian gaugealgebra, just like the original �rst-stage reduible generating set (2.4).Based on the above disussion, in the sequel we work with the irreduibleformulation of free massless spin-5/2 gauge �elds, haraterized by the ation(2.1) and the gauge symmetries (2.4) and (2.13), to whom we apply theantibraket-anti�eld Sp(3) BRST method [12℄.



Massless Spin-5/2 Gauge Fields from the Sp(3) Method 41093. �Irreduible� Lagrangian Sp(3) symmetry3.1. Sp(3) BRST triomplexThe main idea underlying the development of the Lagrangian Sp(3)BRST symmetry related to the irreduible model onstruted in the previ-ous setion is to tripliate both the gauge generators and gauge parameters,and thus to replae (2.4) and (2.13) with the modi�ed transformationsÆ���i = Ri�����; (3.1)where �i = �  ��� � ; ��� = 0� �1��2��3� 1A ; (3.2)Ri�� = � Z��� Z��� Z���A� A� A� � ; (3.3)where Z��� and A� are given in (2.4) and (2.12). Aordingly, the relations(3.1) take the onrete formÆ� �� = (Æ���� + Æ����) �Æ��1� 14��� (�1� + �2� + �3�) ; (3.4)Æ�� = �� (�1� + �2� + �3�) ; (3.5)and they are o�-shell seond-stage reduible, with the �rst-, respetively,seond-stage reduibility funtionsZ ���� = 0� 0 Æ��1 �Æ��1�Æ��1 0 Æ��1Æ��1 �Æ��1 0 1A ; (3.6)Z �� = 0� �Æ�1�Æ�1�Æ�1 1A ; (3.7)where the �rst- and seond-stage reduibility relations areRi��Z ���� = 0; Z ����Z �� = 0 : (3.8)We annot stress enough that the reduibility relations (3.8) are ompletelydue to the tripliation of the gauge transformations in the Sp(3) setting, andare not related in any point to the reduible formulation of free massless spin5/2-�elds.



4110 S.O. SaliuAs the main result from Ref. [12℄ states, it is then possible to onsis-tently onstrut the Lagrangian Sp(3) BRST symmetry for the irreduiblemodel under study. This redues to the onstrution of a BRST triomplex,generated by three antiommuting di�erentials (sm)m=1;2;3smsn + snsm = 0 ;m; n = 1; 2; 3 ; (3.9)eah of them deomposing likesm = Æm +Dm + � � � : (3.10)The operators (Æm)m=1;2;3 are the three di�erentials from the Koszul�Tatetriomplex, whih is required to furnish a triresolution of smooth funtionsde�ned on the stationary surfae of �eld equations, while (Dm)m=1;2;3 rep-resent the exterior longitudinal derivatives assoiated with the new seond-stage redundant desription of the gauge orbits due to the tripliation ofthe gauge transformations like in (3.4),(3.5). The graduation of the Sp(3)BRST algebra is expressed in terms of the ghost tridegreetrigh = (gh1; gh2; gh3) ; (3.11)where we settrigh (s1) = (1; 0; 0) ; trigh (s2) = (0; 1; 0) ; trigh (s3) = (0; 0; 1) : (3.12)On aount of the tripliation of the gauge transformations and of the in-dued redundany struture, we �nd that the ghost spetrum from the ex-terior longitudinal triomplex is organized like(1;0;0)� 1�; (0;1;0)� 2� ; (0;0;1)� 3�; (0;1;1)� 1� ; (1;0;1)� 2�; (1;1;0)� 3� ; (1;1;1)� � ; (3.13)where (i;j;k)F denotes an element with the ghost tridegree equal to (i; j; k). Itis understood that trigh ( ��) = trigh (�) = (0; 0; 0) : (3.14)All ghosts are Majorana vetor spinors, with the Grassmann parities" (�m�) = " (��) = 0; " (�m�) = 1; m = 1; 2; 3 : (3.15)An essential feature of the Lagrangian Sp(3) formalism is representedby the presene of three antibrakets [12℄, denoted by (; )m, m = 1; 2; 3,



Massless Spin-5/2 Gauge Fields from the Sp(3) Method 4111whih yields that we need three anti�elds (star variables) onjugated toeah �eld/ghost, one for eah antibraket, like below(�1;0;0)� �(1)�� ; (0;�1;0)� �(2)�� ; (0;0;�1)� �(3)�� ; (�1;0;0)�� �(1); (0;�1;0)�� �(2); (0;0;�1)�� �(3); (3.16)(�2;0;0)�� �(1)1� ; (�1;�1;0)�� �(2)1� ; (�1;0;�1)�� �(3)1� ; (�1;�1;0)�� �(1)2� ; (0;�2;0)�� �(2)2� ; (3.17)(0;�1;�1)�� �(3)2� ; (�1;0;�1)�� �(1)3� ; (0;�1;�1)�� �(2)3� ; (0;0;�2)�� �(3)3� ; (�1;�1;�1)�� �(1)1� ; (3.18)(0;�2;�1)�� �(2)1� ; (0;�1;�2)�� �(3)1� ; (�2;0;�1)�� �(1)2� ; (�1;�1;�1)�� �(2)2� ; (�1;0;�2)�� �(3)2� ; (3.19)(�2;�1;0)�� �(1)3� ; (�1;�2;0)�� �(2)3� ; (�1;�1;�1)�� �(3)3� ; (3.20)(�2;�1;�1)�� �(1)� ; (�1;�2;�1)�� �(2)� ; (�1;�1;�2)�� �(3)� : (3.21)Still, this anti�eld spetrum annot guarantee the basi properties of nilpo-teny and ayliity of the Koszul�Tate di�erentials. In order to surpassthis inonveniene, we need to enlarge it with the bar (B) and tilde (T)variables [12℄(0;�1;�1)� B (1)�� ; (�1;0;�1)� B (2)�� ; (�1;�1;0)� B (3)�� ; (0;�1;�1)��B (1); (�1;0;�1)��B (2); (�1;�1;0)��B (3); (3.22)(�1;�1;�1)��B (1)1� ; (�2;0;�1)��B (2)1� ; (�2;�1;0)��B (3)1� ; (0;�2;�1)��B (1)2� ; (�1;�1;�1)��B (2)2� ; (3.23)(�1;�2;0)��B (3)2� ; (0;�1;�2)��B (1)3� ; (�1;0;�2)��B (2)3� ; (�1;�1;�1)��B (3)3� ; (0;�2;�2)��B (1)1� ; (3.24)(�1;�1;�2)��B (2)1� ; (�1;�2;�1)��B (3)1� ; (�1;�1;�2)��B (1)2� ; (�2;0;�2)��B (2)2� ; (�2;�1;�1)��B (3)2� ; (3.25)(�1;�2;�1)��B (1)3� ; (�2;�1;�1)��B (2)3� ; (�2;�2;0)��B (3)3� ; (3.26)(�1;�2;�2)��B (1)� ; (�2;�1;�2)��B (2)� ; (�2;�2;�1)��B (3)� ; (3.27)(�1;�1;�1)� T �� ; (�1;�1;�1)��T �; (�2;�1;�1)��T 1�; (�1;�2;�1)��T 2�; (�1;�1;�2)��T 3�; (3.28)(�1;�2;�2)��T 1�; (�2;�1;�2)��T 2�; (�2;�2;�1)��T 3�; (�2;�2;�2)��T � : (3.29)



4112 S.O. SaliuAll anti�elds (star, bar and tilde) must be viewed like onjugated Majoranaspinors, with the Grassmann parities of the star and tilde ones (generiallydenoted by ���(m)A and ��TA) opposite to those of the orresponding �eldsor ghosts, while the Grassmann parities of the bar variables (olletivelydenoted by ��B(m)A ) oinide with those of the assoiated �elds/ghosts. Themain harateristis of the anti�elds are appropriately synthesized with thehelp of the formulas"� ���(m)A � = ("A + 1)mod 2 = " � ��TA� ; "� ��B(m)A � = "A ; (3.30)trigh� ���(1)A � = (�gh1 (�A)� 1;�gh2 (�A) ;�gh3 (�A)) ; (3.31)trigh� ���(2)A � = (�gh1 (�A) ;�gh2 (�A)� 1;�gh3 (�A)) ; (3.32)trigh� ���(3)A � = (�gh1 (�A) ;�gh2 (�A) ;�gh3 (�A)� 1) ; (3.33)trigh� ��B(1)A � = (�gh1 (�A) ;�gh2 (�A)� 1;�gh3 (�A)� 1) ; (3.34)trigh� ��B(2)A � = (�gh1 (�A)� 1;�gh2 (�A) ;�gh3 (�A)� 1) ; (3.35)trigh� ��B(3)A � = (�gh1 (�A)� 1;�gh2 (�A)� 1;�gh3 (�A)) ; (3.36)trigh � ��TA� = (�gh1 (�A)� 1;�gh2 (�A)� 1;�gh3 (�A)� 1) :(3.37)where �A stands for all �elds and ghosts�A = ( �� ; �; �m�; �m�; ��) ; (3.38)and "A signi�es the Grassmann parity of a given �A. The supplementarysupersript between parentheses arried by the anti�elds (3.16)�(3.21) em-phasizes in whih antibraket are they (anti)anonially onjugated to theorresponding �eld/ghost��A; ���(m)B �n = ÆmnÆAB : (3.39)The anti�eld setor is also graded by the resolution tridegree, de�ned astrires = (res1; res2; res3) = �trigh, while the indued simple grading, namedtotal resolution degree, is res = res1+res2+res3, and is found useful at solv-ing the fundamental equation of the Sp(3) formalism, namely, the extendedlassial master equation.3.2. Extended lassial master equationInstead of onstruting the Sp(3) algebra (3.9), and hene three di�eren-tials, it is easier to determine one funtional only, namely, the antianonial



Massless Spin-5/2 Gauge Fields from the Sp(3) Method 4113generator S of this symmetrysF = (F; S) + V F , smF = (F; S)m + VmF; m = 1; 2; 3 ; (3.40)whih is bosoni and onstrained to satisfy the extended lassial masterequation12 (S; S) + V S = 0, 12 (S; S)m + VmS = 0; m = 1; 2; 3 (3.41)as well as the property trigh (S) = (0; 0; 0). The symbol (; ) denotes thetotal antibraket (; ) = (; )1 + (; )2 + (; )3 ; (3.42)and V represents the non-anonial part of the total Koszul�Tate di�erentialÆ = Æan + V = 3Xm=1 Æm; Æm = Æanm + Vm : (3.43)Their features are " ((; )m) = " (Vm) = 1 ; (3.44)trigh ((; )m) = trigh (sm) ; trigh (Vm) = trigh (sm) = �trires (Vm) : (3.45)It is understood that the individual antibrakets, as well as the total one,satisfy the usual properties of the antibraket from the anti�eld-BRST for-malism, while the operators Vm and V behave like derivations with respet tothe antibrakets. The operators Vm at only on the (B) and (T) onjugatedspinors throughVm ��B(n)A = (�)"A "mnp ���(p)A ; Vm ��TA = (�)"A+1 ��B(m)A ; (3.46)where "mnp is ompletely antisymmetri, with "123 = +1. Based on theonrete realizations of both the exterior and Koszul�Tate triomplexes, wededue the following boundary onditions on the solution to the extendedlassial master equation[0℄S = SL0 [ �� ℄ ; (3.47)[1℄S = Z d4x� ���(m)�� + � �(m)�� (Æ���� + Æ����)� �Æ�� � 14���� �m� ; (3.48)



4114 S.O. Saliu[2℄S = Z d4x�"mnp���(m)n� + ��B(p)��+ � B(p)�� (Æ���� + Æ����) �Æ�� � 14�����p� ; (3.49)[3℄S = Z d4x�����(m)m� � ��B(m)m� + ��T��+ � T�� (Æ���� + Æ����) �Æ�� � 14������ ; (3.50)where the supplementary supersript between brakets in [0℄S , [1℄S , et., refersto a deomposition of the solution to the extended master equation via thetotal resolution degree.The equation (3.41), subjet to the boundary onditions (3.47)�(3.50),is solved by means of expanding S in terms of the total resolution degree,S =Xk�0 [k℄S ; res�[k℄S� = k; trigh�[k℄S� = (0; 0; 0) : (3.51)In the ase of the irreduible version of free massless spin-5/2 �elds, sine thegenerating set is Abelian and irreduible, we �nd that the solution to (3.41)simply redues to the sum of the boundary terms (3.47)�(3.50)S = Z d4x� ���(m)���m� + ��B(m)���m� + ��T����+ � �(m)�� (Æ���� + Æ����) �Æ�� � 14��� �m�+ � B(m)�� (Æ���� + Æ����) �Æ�� � 14����m�+ � T�� (Æ���� + Æ����) �Æ�� � 14�����+"mnp���(m)n� �p� � ����(m)m� + ��B(m)m� ����+ SL0 [ �� ℄ : (3.52)The main inonveniene presented by the above solution is that it is notyet invariant under any of the di�erentials from the Sp(3) BRST triomplex,while still preserves the original gauge symmetries of the �elds. To surpassthese di�ulties, we need suh a gauge-�xing proedure that on the onehand �kills� the gauge symmetries of (3.52), and, on the other hand, outputsa gauge-�xed ation that is simultaneously invariant under the di�erentialsthat stay at the ore of the Sp(3) BRST triomplex.4. Gauge-�xing proessIt is useful [12℄ to add further variables in order to realize a properonnetion with the gauge-�xing proedure from the standard antibraket-anti�eld formalism. The main role of these supplementary �elds is to impose



Massless Spin-5/2 Gauge Fields from the Sp(3) Method 4115some irreduible gauge-�xing onditions. For a proper relation with theresults from the literature, we hoose to implement some irreduible gauge-�xing onditions, based on the Majorana spinorsG� � � �� � 14� �� + �� (4.1)that we want to indue a Gaussian term in the gauge-�xed path integral, ofthe typeZ � � �Dl� exp��iZ d4x �l�/� �� �� � 14� �� + ��� 12 l��� : (4.2)In view of the above gauge-�xing onditions, we introdue a supplemen-tary bosoni (already onjugated) Majorana vetor spinor(0;0;0)�' � (4.3)that is regarded as a purely gauge �eld (does not enter the original ation),endowed with the gauge invarianeÆ� �'� = ��� ; (4.4)where obviously the gauge parameters �� are independent of �� (they haveopposite statistis, anyway). This means that we remain with the La-grangian ation (2.1), but regarded as being subjet to the irreduible andAbelian gauge transformations (2.4), (2.13) and (4.4). Then, aording tothe disussion from the previous setion, by tripliating all the above men-tioned gauge transformations, we �nd that the ghost spetrum from theSp(3) BRST triomplex for the overall gauge theory inludes the ghosts(3.13), as well as(1;0;0)�C 1�; (0;1;0)�C 2�; (0;0;1)�C 3�; (0;1;1)�p 1�; (1;0;1)�p 2�; (1;1;0)�p 3�; (1;1;1)�l � ; (4.5)displaying the Grassmann parities" � �Cm�� = " ��l�� = 1; " (�pm�) = 0; m = 1; 2; 3 : (4.6)We will see that �l� from (4.5) is preisely the vetor spinor that yieldsthe Gaussian term (4.2) in the gauge-�xed path integral. For notationalsimpliity, we make the olletive notation�'I = � �'�; �Cm�; �pm�; �l�� ; m = 1; 2; 3 : (4.7)



4116 S.O. SaliuThe anti�eld spetrum for the larger irreduible gauge theory will ontainthe variables (3.16)�(3.29), together with the additional ones�'�(m)I ; 'B(m)I ; 'TI � ; m = 1; 2; 3 (4.8)whose properties are orretly desribed by the formulas (3.30)�(3.37), wherewe replae �A by �'I , and also remove the spinor onjugation. Along theline exposed in the above setion, we �nd that the solution to the lassialmaster equation of the Sp(3) BRST formalism assoiated with the rihergauge theory, (1=2) (S0; S0) + V S0 = 0, will beS0 = S + Z d4x�� �Cm�'�(m)� + �pp� �"mnpC�(m)n� + 'B(p)� ���l� ��p�(m)m� � CB(m)m� + 'T��� ; (4.9)where S is given by (3.52), the non-vanishing fundamental antibrakets arede�ned by (3.39), together with� �'I ; '�(m)J �n = ÆmnÆIJ ; (4.10)and the omponents of the operator V at only on the bar and tilde spinorsvia (3.46) andVm'B(n)I = (�)"I "mnp'�(p)I ; Vm'TI = (�)"I+1 'B(m)I : (4.11)We are now prepared to develop a onsistent gauge-�xing proedure atthe level of the antibraket-anti�eld Sp(3) formalism. Initially, we begin byrestoring an antianonial struture for all the variables (inluding the barand tilde ones) in order to bring the lassial master equation of the Sp(3)BRST formalism to a more familiar form. We pik up, for instane, the �rstantibraket, and forget about the other two. As only (�A; �'I) (�eld/ghostspetra (3.38) and (4.7)) and � ���(1)A ; '�(1)I � form (anti)anonial pairs inthe �rst antibraket, we need to extend the algebra of the Sp(3) BRSTtriomplex [12℄ by adding the variables�2A; �3A; �1A; �2A; �3A; �1A; �r2I ; �r3I ; �k1I ; �m2I ; �m3I ; �n1I ; (4.12)respetively (anti)anonially onjugated in the �rst antibraket to� ���(3)A ; ���(2)A ; ��B(1)A ; ��B(3)A ; ��B(2)A ; ��TA;'�(3)I ; '�(2)I ; 'B(1)I ; 'B(3)I ; 'B(2)I ; 'TI � : (4.13)



Massless Spin-5/2 Gauge Fields from the Sp(3) Method 4117The Grassmann parity and ghost tridegree of the new variables follow fromthose of the �rst antibraket" ((; )1) = 1; trigh ((; )1) = (1; 0; 0) : (4.14)We make the onvention that the variables��A; �'I ; ���(3)A ; '�(3)I ; �3A; �r3I ; ��B(1)A ;'B(1)I ; �3A; �m3I ; ��B(3)A ; 'B(3)I ; �1A; �n1I� (4.15)are regarded as `�elds', while� ���(1)A ; '�(1)I ; �2A; �r2I ; ���(2)A ; '�(2)I ; �1A;�k1I ; ��B(2)A ; 'B(2)I ; �2A; �m2I ; ��TA; 'TI � (4.16)are viewed like their respetively (anti)anonially onjugated `anti�elds'.Aordingly, we obtain that the funtionalS01 = S0 + Z d4x� ���(2)A �2A + ���(3)A �3A + ��B(1)A �1A+(�)"I+1 � �m2I'�(2)I + �m3I'�(3)I �+ (�)"I �n1I'B(1)I � (4.17)satis�es the equation �S01; S01�1 = 0; (4.18)whih is preisely the familiar form of the lassial master equation from thestandard BRST method in the �rst antibraket.This suggests that we an employ the gauge-�xing proedure from thestandard BRST formalism, whih requires the hoie of a fermioni fun-tional  1, with the help of whih we eliminate half of the variables in favorof the other half. For de�niteness, we eliminate the variables� ���(1)A ; �2A; �3A; �1A; ��B(2)A ; ��B(3)A ; ��TA;'�(1)I ; �r2I ; �r3I ; �k1I ; 'B(2)I ; 'B(3)I ; 'TI � ; (4.19)and, in the meantime, enfore the gauge-�xing onditions�2A = �3A = �1A = 0; �r2I = �r3I = �k1I = 0; (4.20)whih an be realized by taking 1 =  1 [�A; �2A; �3A; �1A; �'I ; �m2I ; �m3I ; �n1I ℄ : (4.21)



4118 S.O. SaliuA variable is eliminated by one of the formulasanti�eld = ÆL 1Æ (�eld) ; �eld = � ÆL 1Æ (anti�eld) ; (4.22)depending if it is a `�eld' or an `anti�eld' (see (4.15),(4.16)). The gauge-�xingfermion that implements the irreduible gauge onditions inferred from (4.1)and (4.20) reads as 1 = aZ d4x��n(')1� /� �� �� � 14� �� + ��� 12 l��+�'�/� ���( )1�� � 14��( )1�� + ��(�)1 � 12n(l)1��+�m(')3� /����( )2�� � 14��( )2�� + ��(�)2 � 12m(l)2��� �m(')2� /����( )3�� � 14��( )3�� + ��(�)3 � 12m(l)3��� ; (4.23)where we put an extra supersript between parentheses ((�A) or ('I)) whereneessary, in order to distinguish the variables that arry the same indies,and a is a non-vanishing onstant. Eliminating the variables (4.19) withthe help of (4.23) from (4.17), and also some auxiliary variables from theresulting funtional, after some omputation we infer the gauge-�xed ationS0gf = SL0 [ �� ℄ + aZ d4x ���pm�/�M���m� + �Cm�/�M���m�+�'�/�M���� � �l�/��� �� � 14� �� + ��� 12 l��� ; (4.24)where we used the notationM�� � ��� + 12 �Æ��� + Æ��� � 12Æ����� (Æ���� + Æ����)�Æ��1� 14��� : (4.25)Eliminating the auxiliary variables l� from (4.24), we infer the gauge-�xedationS00gf = SL0 [ �� ℄ + aZ d4x ��12 �G�/�G� � �pm� (Æ��2+ ����) �m�+38/�pm2/�m � 14 �pm���/�/�m + 12/�pm/����m�



Massless Spin-5/2 Gauge Fields from the Sp(3) Method 4119+ �Cm� (Æ��2+ ����) �m� � 38/�Cm2/�m+14 �Cm���/�/�m � 12/�Cm/����m� + �'� (Æ��2+ ����) ���38/�'2/�+ 14 �'���/�/�� 12/�'/������ (4.26)with G� given in (4.1). In the above we used the generi notations /g = �g�and /�g = �g��.We an equally infer the expression (4.26) in the ontext of the othertwo antibrakets. Indeed, if we fous on the seond antibraket, then only�A and �'I admit the anti�elds ���(2)A and '�(2)I (anti)anonially onjugatedto them, suh that we need the supplementary variables�3A; �1A; �2A; �3A; �1A; �2A; �r3I ; �r1I ; �k2I ; �m3I ; �m1I ; �n2I ; (4.27)respetively (anti)anonially onjugated in the seond antibraket to� ���(1)A ; ���(3)A ; ��B(2)A ; ��B(1)A ; ��B(3)A ; ��TA;'�(1)I ; '�(3)I ; 'B(2)I ; 'B(1)I ; 'B(3)I ; 'TI � : (4.28)Consequently, we �nd that the funtionalS02 = S0 + Z d4x� ���(1)A �1A + ���(3)A �3A + ��B(2)A �2A+(�)"I+1 � �m1I'�(1)I + �m3I'�(3)I �+ (�)"I �n2I'B(2)I � (4.29)ful�lls the standard master equation in this antibraket�S02; S02�2 = 0: (4.30)In this ase, we have to hoose a fermioni funtional  2, with the help ofwhih we eliminate half of the variables in favor of the other half. If weeliminate the variables� ���(2)A ; �1A; �3A; �2A; ��B(1)A ; ��B(3)A ; ��TA;'�(2)I ; �r1I ; �r3I ; �k2I ; 'B(1)I ; 'B(3)I ; 'TI � ; (4.31)and implement the gauge-�xing onditions�1A = �3A = �2A = 0; �r1I = �r3I = �k2I = 0 ; (4.32)



4120 S.O. Saliuthen we have to set 2 =  2 [�A; �1A; �3A; �2A; �'I ; �m1I ; �m3I ; �n2I ℄ : (4.33)Now, the `�elds' are preisely��A; �'I ; ���(1)A ; '�(1)I ; �1A; �r1I ; ��B(2)A ; (4.34)'B(2)I ; �1A; �m1I ; ��B(1)A ; 'B(1)I ; �2A; �n2I ; (4.35)and, naturally, � ���(2)A ; '�(2)I ; �3A; �r3I ; ���(3)A ; '�(3)I ; �2A; (4.36)�k2I ; ��B(3)A ; 'B(3)I ; �3A; �m3I ; ��TA; 'TI � (4.37)are interpreted like their `anti�elds'. The fermioni funtional that takesinto aount the irreduible gauge onditions furnished by (4.1), as well asby (4.32), is simply given by 2 = aZ d4x��n(')2� /� �� �� � 14� �� + ��� 12 l��+�'�/� ���( )2�� � 14��( )2�� + ��(�)2 � 12n(l)2��+�m(')1� /����( )3�� � 14��( )3�� + ��(�)3 � 12m(l)3��� �m(')3� /����( )1�� � 14��( )1�� + ��(�)1 � 12m(l)1��� ; (4.38)and, after some omputation, we get that it also leads to the gauge-�xed a-tion (4.26). A similar reasoning is valid with respet to the third antibraket,in whih ase (4.26) is again reovered.5. Comments and onlusionsWe observe that the resulting gauge-�xed ation has all the desired fea-tures, namely, it is loal, manifestly ovariant, and exhibits no residual gaugesymmetries. Meanwhile, it has the same form, no matter what antibraketwe start with. We are now able to make the omparison with the standardresults from the literature [4, 19℄. In both previously mentioned Refs. theauthors work in the framework of the reduible formulation of free mass-less spin-5/2 �elds, and propose some gauge-�xing onditions expressed via



Massless Spin-5/2 Gauge Fields from the Sp(3) Method 4121the vetor Majorana spinor F� � � �� � 14� �� , that are reduible sine�F� = 0. Our approah has, among others, the advantage that allows thegauge-�xing onditions to rely on the vetor Majorana spinor (4.1), suhthat they are irreduible. Let us onsider the terms of total resolution de-gree equal to one from the gauge-�xed ation (4.24), namely,�aZ d4x �pm�/�M���m� � �aZ d4x (�pm�/�����m�+12 �pm�/� �Æ��� + Æ��� � 12Æ���� ��(� �m�) � 14(� ��)/�m�� ; (5.1)and the similar piees (of antighost number one) in Sghost from [4℄. Thenotation (��) signi�es symmetrization (without the fator 1=2) with respetto the indies between parentheses. The latter terms from the right hand-side of (5.1) are invariant under the residual gauge transformations�m� ! �m� + ��m (5.2)with �m three arbitrary bosoni Majorana spinors, just like the similar om-ponent in Sghost from [4℄ (up to the di�erene that in [4℄ there appears asingle ghost). In our setting, this residual gauge symmetry is frozen bythe former piees in the right hand-side of (5.1) (proportional with ���m�),while in the reduible version there is neessary to introdue a onvenientnon-minimal setor in order to �x it. We remark that the �Nielsen�Kalloshghost� for spin-5/2 gauge �elds from [4℄ is absent in our proedure, whilethe role of the extraghost C 01 is played here by the purely gauge Majoranaspinor �, involved with the irreduible formulation of spin-5/2 gauge �elds(see Se. 2).The reduible approah is thus deeply foused on �nding an appropri-ate non-minimal setor to ompensate for the redundany of both gaugetransformations and gauge-�xing onditions. In turn, our Sp(3) treatmentapplied to the irreduible formulation of spin 5/2-gauge �elds exhibits theadvantage of avoiding these issues. It equally o�ers some orret irreduiblegauge-�xing onditions, and the opportunity to enfore them within thegauge-�xed ation without the fear that some undeteted residual gaugesymmetries might our.This work has been supported by a researh ontrat with the RomanianMinistry of Eduation and Sienti� Researh (M.E.C.).



4122 S.O. SaliuREFERENCES[1℄ C. Behi, A. Rouet, R. Stora, Phys. Lett. B52, 344 (1974); Commun. Math.Phys. 42, 127 (1975).[2℄ I.V. Tyutin, preprint Lebedev Inst. no. 39 (1975); E.S. Fradkin, G.A. Vilko-visky, Phys. Lett. B55, 224 (1975); E.S. Fradkin, T.E. Fradkina, Phys. Lett.B72, 343 (1978); I.A. Batalin, E.S. Fradkin, Phys. Lett. B122, 157 (1983).[3℄ I.A. Batalin, G.A. Vilkovisky, Phys. Lett. B69, 309 (1977); B102, 27 (1981);B120, 166 (1983).[4℄ I.A. Batalin, G.A. Vilkovisky, Phys. Rev. D28, 2567 (1983).[5℄ I.A. Batalin, G.A. Vilkovisky, J. Math. Phys. 26, 172 (1985).[6℄ M. Henneaux, C. Teitelboim, Quantization of Gauge Systems, Prineton Uni-versity Press, Prineton 1992.[7℄ M. Henneaux, Phys. Rep. 126, 1 (1985); Nul. Phys. B (Pro. Suppl.) 18A,47 (1990); J. Gomis, J. Paris, S. Samuel, Phys. Rep. 259, 1 (1995).[8℄ I.A. Batalin, P.M. Lavrov, I.V. Tyutin, J. Math. Phys. 31, 6 (1990); 31, 1487(1990); 31, 2708 (1990); 32, 532 (1991).[9℄ Ph. Grégoire, M. Henneaux, Phys. Lett. B277, 459 (1992); Commun. Math.Phys. 157, 279 (1993); J. Phys. A: Math. Gen. 26, 6073 (1993); M. Henneaux,Phys. Lett. B282, 372 (1992); Ph. Grégoire, Ph.D. thesis, Université Libre deBruxelles, Bruxelles 1993.[10℄ J. Hoyos, M. Quiros, J.R. Mittelbrunn, F.J. de Urries, Nul. Phys. B218, 159(1983); V.P. Spiridonov, Nul. Phys. B308, 257 (1988); J. Gomis, J. Roa,Nul. Phys. B342, 152 (1990); E. Dur, S.J. Gates Jr., Nul. Phys. B343, 622(1990); C.M. Hull, Mod. Phys. Lett. A5, 1871 (1990); C.M. Hull, B. Spene,J.L. Vasquez-Bello, Nul. Phys. B348, 108 (1991).[11℄ L. Tatar, R. Tatar, Phys. Lett. B326, 238 (1994); L. Tataru, J. Phys. A:Math. Gen. 28, 4175 (1995); L. Tataru, R. Tatar, Int. J. Mod. Phys. A13,1981 (1998).[12℄ C. Bizdadea, S.O. Saliu, Int. J. Mod. Phys. A16, 2975 (2001); C. Bizdadea,S.O. Saliu, Mod. Phys. Lett. A17, 269 (2002).[13℄ C. Fronsdal, Phys. Rev. D18, 3624 (1978).[14℄ J. Fang, C. Fronsdal, Phys. Rev. D18, 3630 (1978).[15℄ B. de Wit, D.Z. Freedman, Phys. Rev. D21, 358 (1980).[16℄ C. Fronsdal, Some Open Problems with Higher Spins, in �Supergravity�, Eds.P. van Nieuwenhuizen, D. Z. Freedman, North Holland Publishing Company,Amsterdam 1979.[17℄ C. Fronsdal, Phys. Rev. D20, 848 (1979); J. Fang, C. Fronsdal, Phys. Rev.D22, 1361 (1980).[18℄ J. Shwinger, Partiles, Soures, Fields, Addison Wesley, Reading (MA) 1970.[19℄ F.A. Berends, J.W. van Holten, P. van Nieuwenhuizen, B. de Wit, Phys. Lett.B83, 188 (1979); Nul. Phys. B154, 261 (1979).



Massless Spin-5/2 Gauge Fields from the Sp(3) Method 4123[20℄ T. Curtright, Phys. Lett. B85, 219 (1979); M.A. Vasiliev, Sov. J. Nul. Phys.32, 855 (1980) (p. 439 in English translation); C. Aragone, S. Deser, Nul.Phys. B170, 329 (1980); M. A. Vasiliev, Fortshr. Phys. 35, 741 (1987).[21℄ M.A. Vasiliev, Consistent Higher Spin Gauge Theories in 3+1 Dimensions, in�Supermembranes, Physis in 2+1 Dimensions�, Eds. M.J. Du�, C.N. Pope,E. Sezgin, World Sienti�, Singapore 1990.[22℄ C. Bizdadea, S.O. Saliu, J. Phys. A Math. Gen. 32, 3919 (1999).


