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In the field theory an elementary particle with an integer (a half•integer) spin s 

is usually described by a totally symmetric tensor field cf>,., ... ,.. ( a te~r spinor field 
1/J,., ... ,.,_

1
, 2 ) [I). The tensors (spiuor-tensors) symmetrized by other Young tableaux 

were also considered in the literature. Two forms of the action.are known for the 
autisylll1lletric second-rank tensor fields. Ju the first case the action possesses the 
gauge symmetry [2): 

SA= - J d4x [ i(8.\A,.,,) c"JA,41
"' - ~(81,.4

1
'.\) 8".4,,.\], M,.,, = 81,A,, - 8,,A,.. (1) 

The gauge fields (1) appear in supergravity theories in diverse dimensions [3) and in 
the effective low-energy field theory derived from relativistic strings [4). These fields 
have been well studied, and eventually, a unitary S-matrix was constructed even in the 
nouahelian case [5). The gauge iuvariauce leaves ouly one (longitudinal) polarization 
state for the tensor gauge ticld, a~ differs from the ordinary vector gauge fields. 

Another possibility is the conformally iuYariant action for the illltisymmetric tensor 
matter fields T,.,,: 

Sr= J «1 1
£ [ }(D,,T,.,,) D'T'"' - (DµT">.) 8"T,,.\]. (2) 

Such an action naturally arist•s iu t hP couforma.l field t ht>0ry (6) and in conformal super
gravity [7). However, the dynamics of such tiPlds ha~ uot hl'en completely investigated. 
There is an assertion that, in the EudidPau space, T,.,, describe three physical and 
three ghost degrees of freedom [8]. We are going to study the classical dynamics of 
the antisymmetric tensor mattPr fil'!1b iu the Miukowski space. If we limit ourselves to 
the solutions that arc bounded at the time infinity, then the harniltouian proves to he 
positive-definite; just two degn~rs of fre<'clom contribute to the energy and momentum. 

Six independent comp011<•11ts of the rral tPnsor tidd T,.,, can he parameterized by 
a three-dimensional vector Ai=Toi am! a psemlovPctor Bi=½fij•· ½•• where the Latin 
indices take on values 1, 2, 3, and are sumuwd owr when repeated. Following the stan
danl formalism for frpe d;L~sirnl ti«·lds [!J]. l<·t us work in the momentum representation 

J c11k 
A(.r) = (

2
71") 3/ 2 exp(i b·) A(k). I ,11k 

D(.r) =. (
2

1r)3/ 2 exp(i kx) B(k). (3) 

Choost> a s1J('dal n•fc•n·w· .. frauw e,: c, · e, = l>,j, [e, x e;] = fijk ek, e3 = k/lk[. Let 
the dPcompositiou of thP ti,•!tls owr th<" basis l"' A(k) = ,1i(k) ei, B(k) = bi(k) e;. 
Then the action, eq. (2), ,-au IH' 1•xpn•ssPd as 

2 

Sr= 11".fc1 11.:{8 [11;(1.:wt+k2 h(kJ+b;(k)(k~+k2 )bi(k)] 

+ 2k0 lkl [a;(.q bi(k) + b;(l·) '11,(k) - a;U·) bi(k) - b;(k) al(k)] 

+ a;(k)(kt -- k 2 )a 1(k) + t,_;(k)(k,~ - k2 )b:1(k) }- (4) 
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a1(,k) =· 72 (c1(k) + d;(k.)], 
.. b,(i:);, 7z[d1(k) ~:-c2 (k)], .. 

a2(k) ~ }z[c2(k)+_d1(k)J; a3(k) ~c3(k); 

b2(k) = 7z[d2(k).:: ~)], •.• b;(k) ~d~(k) 

diagonalizes action -( 4) 
,-

s;-c = ~J d4kJ;-;(,kH~o- ~kj)\~(k),; c;(k)(ko·; 1_~1}
2
c2(;)_·' 

+ ~;(~)(ko'? lkl) (ko + l~l)~3(k) .+:' (c-=-> d)J.. ' ~- -
The principle ~f extrerne action leads to the f~ll~wing field equation/ 

. _. -. '·'.,: .. ·· 2 . ::, ··:,: ";,' \ :-, 2, ... _·, / '., •. 

>- :(ko -:,lkl) c1(ko,k) = o, , (ko + jkl) c2(ko,k) =.0,; ~ .· 
.. (ko:-lkD(ko+lkl)c~(ko,k),,;ci. ' ... ,. :,(6) 

.. . . •" •. ,'- "· . , .. .. :· ,.,··, ··. . ,·. . . '·· :·. -':~ ' ' ,· .·· ,, •.. -""·,. 
The sau;1e equations hold for d;(k). The general solutions to eqs. (6) are of the form 

~ •-,: - ·, •~,,:•;,••,:•A> ,••, • •,. • \ '••• :•,. -,~ S ~\• •o, ••_._,.,••)•.'' • • ,•:•; ... : •,•, : < • ;::' 

. ·. c1(ko,k) ~ :t5(ko - jkl) c1(k) +t5'(ko ~ lkl) c1{k), 
, '. c2(ko; k) ,, , =_ it5(ko +, l~D.s2(k) +. t5' (ko + jkl) c2(k), 

~3{ko,k) , = .. ii(ko -lkl) c3{k)'+ t5{fo + lkl) C3(k)'. 
. . ' '/ .. ·.-.. . _''.' -· : · . 

. . We want to 'n~teh~~c thatthetransverse components c1(.ko, k) .and di(ko;k) involve 
'.oitly positiv1;Jrequencies ko~lkl: Other"ti.-ansversecomponents ci(ko,k) and d2(ko,k) . 
i~volve only negative frequencies ko=-lkl- ' ' ,:; : . ' - '. ~: ', ' : ' ,,' .•·. ' ·,. 

,The fact that A(f) and B(x) are-real leads to the relations. 
.. ,-,' • , • '' • . -~ - '·.• ' . ' ' > 

, ., ~ik)~sci(~k).'.:.ciI'i\.:.k),-· 
z;(k) === ~s, Ct*( ~k)+ C l1 *(-k), 

, d2(k) =~ ci(-k)-iisdi(-k),_ . 
J;(k) ::::.:;-c c~*(_:k)-:- /Ji:( _:k), , .··• ~3(k);,,;:--='ii;(~k), 

~ '.,.:· '' ·• . ,:,- . -. ·_' , -... - . -.i - • . . . ' .. . . ; . ' . 
. where~= e1(k) :e!.(;:ck) = -:-e2(k) ·e2(-k); s::, e1(k)-e2( .:..k) ==. e2(k) -~1(-:-k), · c2_+ 
's2 = 1. Thus, c3 , d3 , and all the amplitudes with.index 2 are not independent and can . 
be eliminated. . . . . , . . . . . . . . ,, , . . . 

. The cnergy.:..momentuiri 4-vector for the tens~r m~ttcr fieid is 'defin~d as . . . ,• ·"" ' ... , '"' ,· . 

,;,. ~ 1· d3x [(a,.T0 ~)~=~ ) ,: ;µ~Cr)-"', 
·- .:->,. · ;" . 0 a/3 , ·: · . 

By a direct caicitlation we. find 

. . ~~ =J· :d3x:[>!.(a0A.)2.:...····•i(1;Aj2 +·(.8;~;)2 +'(i•-B).·J, 
· , 2 · .. - 2 . · .1 ,' • _ · . 

_ jd3k fr1·(~).,c1(k) -'lk([c1 *(k) ·c1~k):/~i(~)_i(k).1. 
+ ·2 k2 ~;(k) ~

3
(k) -+ (i~ d)_·}; - ., '·' .. · · •' . 

-Cl•_~: &i'.;~,-,t.il··.1K~~!}"rJ :, , 
·•. q~•iw1 1tt.11e1~:rn1r~ f. : 

6HS-JU.IOT~HA '<,Ji,., 



·., .· 

-, 

. 'P; = ~! d~x ,{(a;A( {8oA) + ca:n) · {aoB) + 2(8;~) · (8 ~ _Bl} 

~ .:f d3k k; {c~:(k:) s1(k)'+c;(k)i1(k),+2 i~Lc;(k) ~3(~) +.' (f-+ d) L (10)' 
I , , , \_. - • 

• .· ,Th~ obtained energyand momentun1cannot be made sim~taueouslydiagonal., The., 
,/ straightfo~ard diagonalization ofeq. {9)-reveals two positive~ and two negative-energy ' 
. transverse-modes which cannot be interpreted as Telativistic particles. These facts are 

. , :· .due to the presence of 6'-type solutions in eqs. (7). I~ the co-;ordiriate representation 
- (3) such solutions do not correspond ~o ordinary plane waves but rather grow linearly . 

with the time and are unbounded at the infinity. If we set their amplifndes to zero, · 
. 'tliat is, choose to restrict ourselves to .the plane:..wave sector, then the'transverse plane

wave\amplitudes drop: out of the energy-;momenfull!: Everything .is reduced to the~ 
_longitudi~al "'.aves. Both e~eigy {9) ~d momenfom (10) can be written unifqrritly 

'_- •'Pµ;=fd3kkµ·.[ct(k)c;(k)+dt{k) ~;(~)1,···· '{U) 

where, as usu~l [9]; :~t{k)~c;(k)/ ~' c; (k)=c~(k)/ J2ko: ko=lkl. The h,amiltoni3:n 
. Po becoill:es positive-definite on the plane-wave solutions .. -This. important· property 

would not take place, ifo~e introduced a mass term like T 1"'Tµv in eq: (2). Thlis, .th!'' .. 
1-· free tensor field describes fuas~less relativist~articlc~. , ·., . , . . 

1 
.' · • .• 

_. - _ The helicity ~ the projection of the spin onto the direction of motion -'-- proves to 
"' be equ.;.i_ to z~ro. In fact, even without the restriction -to plane waves, the 3-vecto/ of 

- spin ·.· .. - ' ,, . ' . ' ' . ' 

~.~Jd3~(rf~x ;0A]+ (B xa:~J)[~x'[ix BH ~J~; [8- xAl]) 
' ' ' ' ' . ' . ' . ,, ' ' . ' '·. 

(12) 
' . ,,,.i 

.van.ishcs on solutions (7).·.• 
. Ther~ arc global·trarisfoJIDations of the vector and pseud~vector fi~lds 

(A'). ··( cos~.' si~'o:)·. ·(A) 
~• = _';-sino:: coso: . -B ) 

: 1 ' .. - . ,.. ' 
6T,,v = 2 (µ:">. T_">. 6o: (13) \. 

'. ';,· 

that le~vei~tion' (2)"1nva;iant. They induce a co~erved axial'cliarge 
' - -. . ' . " / ~; ~ ' . 

Q = 1~3:ii_ (f __ ,8oB-B ~-~oA.,-A :[§~A]:~- 1fxB)) 
= - i I d3.k [~r di:-- di• C1·+ ~ C1 ~-c1· d1 -t 2 lkr<c;_ d.3 ~ d; C3)], ·_ 

- . ~ \ ' ;' " 

{14) /'', 

whi~h in the plane-~av~ sector is reduced to 

Q = ~if d3~ [ct(k):d;,(k);~ rlt(~)-~;(k)F 
-'". ' . -· . ). , ' ' 

{15) 

·Again, the transve;se components fall out. The ~:rial (chiral) symmetry {13} _::._ as _wdl 
as the positive defuliteness of th~ energy-:- _forbids the mass·te~in for T,,v• · · .'. _ · 
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_ As U{t• i1i-~~1irnl invariants for i>0unde<l solutions cl~ u'ot depend on the transve~se .. 
c~mponents. of the tensor. field, it 'is natur~l ,to. suppose. t.hat, only the longitudinal . 
excifations ,trf physical. . Iii_ contrast• f.o th1· t.msor gauge, field.( which has only, one 
degret• of freedom Oil shell [2]),two physical states ( tlie longitmlinal i:omponents oLthe · 

. , vector A and pseudovector B) arc left for the t~usor matter field. Ori' the 'mass_ shdl . 
' 'th(l transverse components play no rolt•. They heeolll(' important as interactions ,with -

other fields 'and a self-iutm1d.ion are added [10) .. '. ' ·, ·.. . . . , . ~ ,· . . 
.,., It is also worth coti1paring the tensor matter-field-with. the vt•~·tor-gauge field.· 

"The trn.nsverse plane-wave ('()lllf)Onmts ·ofthe tens~r field .~:e-i;irnilai-.to thetime and 
longitucliniil polarizations of the photon. However, in the latter n1se ther~ is 

0
a gang~ 

, synimetry whidi is rPspoiisible for the ca.iic:~llatiou of 1mi>hysirni <legrees bf freedoni. 
Introducing tlw scalar ( anti)ghiist fields w~th llllllSUal ccimmutat.ion rules, o'n; can' v;rite ·. 
thl' more gP11eni.l Bil ST, fransfonna_tions [11 j which leave theactiim infariant ~;wu after 
gauge fixing. ThP ghost degrN'S of fre1•dom an· subtracted from. the total"number. thus . 
lc•aYi11g oni:v physical 1iegm·; ~f fr1•edom. · . . ; •· . ,- •• · , ·.- .. ; 

. In tlw i:ase cif the. tensor-matter. fielti then'. is 11~-griugP invarianc~. How~vi•r; like 
-., for the teiisiir ga.'uge fidds, w'c can add a p}Tamid of ghost fields (ghosts'for ghostsi: 

a:ntieo~n~utiu'g q,,, c,, ~th the ghost u1i1nbers ±Lrnllllllnting, D, D with, th~ zero 
. ! ghost munlwr, and E. E. witltthe ghost numbers ±2. Thm, naivelj·:'i:01111tirig ·th<· 

. degrees of freedom, G_- 2 X 4 + 2 X 2;we g1;t just lwt;longitlidinai physical degrt>es'of. 

. f~eedoin for the tensor {nattl'/ field. The action for 'the ghost.s' is of t.l1t> form , - . . . 
. . ,, - : ' "- . . ' . , .. -, ' 

:sg:;~t;~] d~X'[(D;C;),D,,sv•: {cY'D)DµD+(8 1'.1:) D,,E] ·. (16), 

The t.otai ac,tio~1Sr + Sghost is li•ft. invarim;t 1311t1;,r tl1l'/following\~ilp1)te1~t. transforma~ . '. 
' tions ·with the anticoinmuting' r01islant i>araim;ter _A, whose gliost numhl'r equals 1: : 

,' 6T,w = _:._(f!,.C'v,- aJ:,,)' ,\, : 6C,; = (c)'.'T,w'±_D,;D.}A, .. 
6D = a~cv A, :,6Cv =DJl A,: .. bE ~ ~ave,: A; 6D '= 6E= o:" (17) 

ThPse tra~1sformations are .Valid for the. theory'~f the frp~ fields. In casP ~r';u{.intPi,~c-
tit;ll, eqs. (17) should, be gt•neraliz~~d to.invol;e th;~ coupling ;.(;~<;tauts. - . . 
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ABAees JI.B., lJtt)KOB M.B. E2-94-263 
Heo6hlqHasi peAYKU:HSI CTerreHeu cso6oAhl 

AmUIH3HpyeTCSI KJiaccttqecKaSI AHHaMHKa aHTHCHMMeTpHqHblX TeH30pHbIX 
IIOJieH MaTepHH BTOporo paHra. KoHCpopMHO-HHBapttaHTHOe AeHCTBHe AJISI TeH-
30pHbIX IIOJieH rrpHBOAHT K IIOJIO)KHTeJihHO-orrpeAeJieHHOMY raMHJihTOHHaHy 
B KJiacce pemeHHH, orpaHttqeHHhlX ua .apeMeHH0H 6ecKoueqHOCTH (ruiocKHe 
BOJIHbl). TOJihKO IIPOAOJihHhle BOJIHbl AaIOT BKJiaA B 3Hepmro H HMIIYJihC. 
CrrttpaJihHOCTh oKa3hlBaeTCSI pasuou HYJIIO. 

Pa6oTa BhlIIOJIHeua a Jla6opaTOpHH TeopernqecKou <pH3HKH HM. H.H.Eoro
JII06osa Ol1.5Il1. 

TTpenpHHT Om,e)1HHeHHOro HHCTHT)'Ta Sl)1epHblX HCCJie)10BaIIHH. }].y611a, 1994 

Avdeev L.V., Chizhov M.V. E2-94-263 
A Queer Reduction of Degrees of Freedom 

The classical dynamics of antisymmetric second-rank tensor matter fields 
is analyzed. The conformally invariant action for the tensor field leads to a 
positive-definite Hamiltonian on the class of the solutions that are bounded at 
the time infinity (plane waves). Only the longitudinal waves contribute to the 
energy and momentum. The helicity proves to be equal to zero. 
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