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Basic aims to solve

@ Construction of Gl Unconstrained & Constrained
Lagrangians for the arbitrary free MS irreducible bosonic
and fermionic HS fields subject to YT(sy, ..., i) on R1d-1
on a base of BRST-BFV method;

@ Within this procedure construction of Verma Modules & its
oscillator realization for sp(2k) and generalized Verma
Modules & its oscillator realization for osp(k|2k)
superalgebra underlying bosonic and fermionic HS fields
on Rl,d—l;

© Derivation of the BV quantum action for obtained
Lagrangians to formulate:

1 Feynmann diagrammatic rules;
2 construct by means of master BV action deformation
vertexes of interacting HS theory.

A.Reshetnyak, J.Buchbinder General unconstrained LFs for mixed-symmetry HS fields



Basic aims to solve

@ Construction of Gl Unconstrained & Constrained
Lagrangians for the arbitrary free MS irreducible bosonic
and fermionic HS fields subject to YT(sy, ..., i) on R1d-1
on a base of BRST-BFV method;

@ Within this procedure construction of Verma Modules & its
oscillator realization for sp(2k) and generalized Verma
Modules & its oscillator realization for osp(k|2k)
superalgebra underlying bosonic and fermionic HS fields
on Rl,d—l;

© Derivation of the BV quantum action for obtained
Lagrangians to formulate:

1 Feynmann diagrammatic rules;
2 construct by means of master BV action deformation
vertexes of interacting HS theory.

A.Reshetnyak, J.Buchbinder General unconstrained LFs for mixed-symmetry HS fields



Outline

Outline

e Motivations
@ HS formulations on R%4-1 & (A)dS, SFT
@ BFV-BRST for direct& inverse problems of LF
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e Motivations
@ HS formulations on R%4-1 & (A)dS, SFT
@ BFV-BRST for direct& inverse problems of LF

© Integer HS mixed-symmetry fields on R1-4-1
@ Integer HS symmetry algebra A(Y (k), R%:4-1)
@ Additive conversion: Verma module and osc.realization
for sp(2k) c A(Y (k), R:4-1)
@ BRST for HS Symmetry algebra A¢(Y (k),R*4~1): Un
&Constrained Lagrangian formulations
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e Motivations
@ HS formulations on R%4-1 & (A)dS, SFT
@ BFV-BRST for direct& inverse problems of LF

© Integer HS mixed-symmetry fields on R1-4-1
@ Integer HS symmetry algebra A(Y (k), R%:4-1)
@ Additive conversion: Verma module and osc.realization
for sp(2k) c A(Y (k), R:4-1)
@ BRST for HS Symmetry algebra A¢(Y (k),R*4~1): Un
&Constrained Lagrangian formulations

© (Half)integer HS MS fields on RL4-1
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Motivations
HS fields on R1-4—1 (A)dS, SFT
BFV-BRST for direct& inverse problems

HS formulations on R4~ & (A)dS, SFT

Problems of HS field theory (M. Fierz, W. Pauli; L. Singh,
C. Hagen; C. Fronsdal) have attracted significant attention
(k = 1 row in Young tableau (YT)), (k > 1)
s=(+1/2,n,+1/2,...) s = (S1,S2,...) (Massive and
massless:m = 0) HS fields :

M1 | K2 ) A : "Nm‘
q)(“)slv(”)Sz _____ (P, | | V2 o o ] Vs, :Y(Sl,...,Sk)

in view of connection to SuperString Field Theory (SFT):
(E. Witten (1986); C. Thorn(1989)) through special tensionless
limit for intercept (o/ — 0): (A. Sagnotti, M. Tsulaia, (2004)).

—SFT <Y {o} set of HS fields in s/string spectrum
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Motivations

HS fields on R1-4—1 (A)dS, SFT

BFV-BRST for direct& inverse problems

From cosmological research = an exceptional role of
(Anti-)de-Sitter [(A)dS] space for consistent propagation of free
(J. Fang, C. Fronsdal (1980); M. Vasiliev (1988)) and interacting
(E. Fradkin, M. Vasiliev (1987, 2001), R. Metsaev (2005),
E.Skvortsov, Yu.Zinoviev (2011)) HS fields due to:

@ natural dimensional parameter — square inverse radius r of
d-dimensional (A)dS space,

@ connection of HS fields on AdS(d) space to AdS/CFT
correspondence among A/ = 4 SYM and superstring theory on
AdSs x Ss RR background k < [452] = 2.

While LF for free HS fields subject to arbitrary Y (ss, ..., Sk ) within
constrained frame-like formulation (M. Vasiliev) was found

(Yu. Zinoviev, Arxiv:0809.3287, Arxiv:0904.0549, E.Skvortsov NPB,
2009, 2011), the same problem in unconstrained metric-like
formulation HAVE NOT BEEN SOLVED except for YT (2) on R%4-1,
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Motivations

HS fields on R1-4—1 (A)dS, SFT

BFV-BRST for direct& inverse problems

Within stringy-inspired BRST-BFV approach (S. Ouvry, J. Stern,
A. Bengtsson, A. Pashnev, M. Tsulaia, J. Buchbinder, V. Krykhtin,
A.R.) this problem meets OBSTACLES in constructing:

1) Verma module for sp(2k) in integer spin and for osp(k|2k) in
half-integer cases (in the framework of additive conversion);

A.Reshetnyak, J.Buchbinder General unconstrained LFs for mixed-symmetry HS fields



Motivations

HS fields on R1-4—1 (A)dS, SFT

BFV-BRST for direct& inverse problems

Within stringy-inspired BRST-BFV approach (S. Ouvry, J. Stern,
A. Bengtsson, A. Pashnev, M. Tsulaia, J. Buchbinder, V. Krykhtin,
A.R.) this problem meets OBSTACLES in constructing:

1) Verma module for sp(2k) in integer spin and for osp(k|2k) in
half-integer cases (in the framework of additive conversion);

2) but not BFV-BRST operator (as it is in AdS(d) case due to
nontrivial Jacobi identities)

underlying LF for HS fields on R4-1,

A.Reshetnyak, J.Buchbinder General unconstrained LFs for mixed-symmetry HS fields



Motivations

HS fields on RL:4—1 (A)dS, SFT
BFV-BRST for direct& inverse problems

BFV-BRST for direct problem

Whereas, the direct BFV-BRST prescription to quantize an
initial degenerate field theory given in LF

degenerate LF
(S(a"),9a")

Dirac-Bergmann
—

A.Reshetnyak, J.Buchbinder

t-local HF (Ho, 04)(t)
{0a,0p} =15 (q,p)0c + Aap
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BFV-BRST for direct problem

Whereas, the direct BFV-BRST prescription to quantize an
initial degenerate field theory given in LF

degenerate LF
(S(a"),9a")

conversion

_—
Batalin Tyutin

A.Reshetnyak,

Dirac-Bergmann
—

t-local HF (Ho, 04)(t)
{0a,0p} =15 (q,p)0c + Aap

converted HF (Ho, Oa)(t)
{Oasob} - ng(Q«p~C)oc

J.Buchbinder
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Motivations
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BFV-BRST for direct problem

Whereas, the direct BFV-BRST prescription to quantize an
initial degenerate field theory given in LF

degenerate LF Dirac-Bergmann t-local HF (Ho, 0a)(t)
(S(a'), 6a") {0a, 00} = 3,(d, P)Oc + Aap

conversion

0
Batalin Tyutin converted HF (Ho, Oa)(t)

{Oa= Ob} — Fa?b(qa p, C)Oc

BFV_method | BFV-BRST charge Q(t),Q?=0
Q(t) = C?0, + $CPC3FS P + morg
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BFV-BRST for direct problem

Whereas, the direct BFV-BRST prescription to quantize an
initial degenerate field theory given in LF

degenerate LF Dirac-Bergmann t-local HF (Ho, 0a)(t)
(S(a'), 6a") {0a, 00} = 3,(d, P)Oc + Aap

conversion

0
Batalin Tyutin converted HF (Ho, Oa)(t)

{Oa= Ob} — Fa?b(qa p, C)Oc

BFV_method | BFV-BRST charge Q(t),Q?=0
Q(t) = C?0, + $CPC3FS P + morg

quantization

Kugo, Ojima | 1Y) € Hanys : QW) = 0,gh(|¥)) =0

gauge transfs:  |[W') = |V) + QIA)
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Motivations

HS fields on RL:4—1 (A)dS, SFT
BFV-BRST for direct& inverse problems

BFV-BRST for inverse problem
CONSTRUCTION OF LF FOR HS FIELD WITH GIVEN (m,s)

Irreps conditions
ISO(1,d-1), SO(2,d-1)

SFT]
]

(Supen)algebra  {o;(X)} : H
[01,05} = f5(0)0k + Aan(go)
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Irreps conditions
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SFT]
]

(Supen)algebra  {o;(X)} : H
[01,05} = f5(0)0k + Aan(go)

conversion

Burdik, PashneY

O
O,

=0 +0 - HQH
OJ} = FG (O/,O)OK
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BFV-BRST for inverse problem

CONSTRUCTION OF LF FOR HS FIELD WITH GIVEN (m;, s)

Irreps conditions
ISO(1,d-1), SO(2,d-1)

SFT]
]

(Supen)algebra  {o;(X)} : H
[01,05} = f5(0)0k + Aan(go)

conversion

Burdik, PashneY

O
O,

=0 +0 - HQH
OJ} = FG (O/,O)OK

BFV

S E—
Henneaux

BRST operator for {O/}: Q'(x)
Q' =C'O, + 3C'CIFf Pk + more
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Motivations
HS fields on RL:4—1 (A)dS, SFT
BFV-BRST for direct& inverse problems

BFV-BRST for inverse problem
CONSTRUCTION OF LF FOR HS FIELD WITH GIVEN (m,s)

Irreps conditions ﬂ(Super)algebra {o/(X)} : H
ISO(1,d-1), SO(2,d-1) [01,05} = fl5(0)ok + Aab(go)

conversion
——— 1 O, =0, +0|/ THQMH
Burdik, I:)"’1“:'hn€YO| ,0,} = Ffj(0’,0)O

BFV

. /
mxBRST operator for {O/}: Q'(x)

Q' =C'O, + 3C'CFKPk + more
Q =Q+(go+h+morgCqy +...:Q?=0
LF mass-shell : QW) =0,gh(|V)) =0
spin:  (go -+ more)(|W), |A), ...) = —h(|W), |A), ...)
gauge transfs:  §|W) = Q|A),5|A) = Q|AL), ...
At 2-3rd steps the Stuckelberg and gauge fields are appeared
automatically to obtain Gl LF for basic field
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gld—1 Integer HS symmetry algebra A(Y (k), R-4—1)
Additive conversion: Verma module and osc.realization for sp
BRST for HS Symmetry algebra . Ac (Y (k), R1.d 1): Un &Consf

Integer HS fields on

Derivation of HS symmetry algebra A(Y (k), R%4-1)

The m of g. spins = (s, ... sk) ISO(l d-1 group irrep

Ml Mz ‘”sl ‘
l’[/l Mz . . . . . MS
D (1), (12)s1o (1) A P P o B )
pi s |- - e
{(‘)Z‘i‘mz} (D(Hl)sl_(“g)sz?? 0, (1)
oM (D(/@)Sl‘(ﬂz)sz AAAA (HF)s, = 0, Ij = L, co0q K; |i, m=1,..5S, (2)
! 1:“ My, Bm _
NN D ), ()Y =T P () (12)eg (1), = 0 i < i)
0] J =0, i<], 1< <s; (4)
(1 )sg 5+ (1)s = [y e Feeett e (H9)sy

We want to find the LF for given HS field on My;:
s Mext = {(P(u)s, (s Vs, -1l ) = R,
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gld—1 Integer HS symmetry algebra A(Y (k), R-4—1)
N Additive conversion: Verma module and osc.realization for sp
BRST for HS Symmetry algebra . Ac (Y (k), R1.d 1): Un &Consf

Integer HS fields on

Primary constraints

SFT = H:[a), a]=-
An arbitrary "string-like” vector |®) € H

o) Sk—1 k s ‘
Z Z D 2)eg o145 (X) 112" 0., ®©
=0s,= sk=0 i=1 k=1

permits to realize <= Eqgs. (1 - 4) as constraints on |®).
Then the constraints

(lo, li, li, tj)|®) — 0| <=irreps (1)- (4) for each S1,...,Sk
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Integer HS symmetry algebra A(Y (k), R1-d—1)
Additive conversion: Verma module and osc.realization for sp
BRST for HS Symmetry algebra . Ac (Y (k), R1.d 1): Un &Consf

Integer HS fields on RrL4-1

All constraints, sp(2k), A(Y (k), R%4-1)

, lij = fa.“aj,,, i = 728.{1(9}“ tij = ai*“a,,jei‘,ﬁ“ = 1(0)./] > (<)i

which form together with (Ii+,lir,ti1“jl,gg) integer HS symmetry
algebra A(Y (k), R¥¥=H wrt. [, ].
Subalgebra of operators

{1t b 1¥ tF } Howe 2% $p(2k).

For m = 0 the only o, from upper and lower triangular
subalgebras in sp(2k) compose an invertible matrix:
1[0a, Ob] 1| = [|Aan(9p) 1| + (1),

for m = 0 its number k2 increase on 2k items I', I,
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pld—1 Integer HS symmetry algebra  A(Y (k), rLA—1)
N Additive conversion: Verma module and osc.realization for sp

BRST for HS Symmetry algebra . Ac (Y (k), R1,d 1): Un &Consf

Integer HS fields on

note on additive conversion procedure

To convert A(Y (k),R94-1) with 2nd C.C. we have used the
general procedure of additive conversion

0, — Oy =0, +0 : [0,,0]] =0, so that [0, O;] ~ O,

= if [0}, 05] = f§ ok, then [o],0]] = fS o] & [0),0,] =f§Ox .
But, it's sufficient to convert only subalgebra sp(2k) for {0a}.
So that the algebra of O; is the same A¢(Y (k),RY4-1) =
A(Y (k),RM4-1) as for o), but for o - sp(2k).
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pld—1 Integer HS symmetry algebra  A(Y (k), RrL4-1)

Integer HS fields on R’ Additive conversion: Verma module and osc.realization for sp
BRST for HS Symmetry algebra . Ac (Y (k), R1,d 1): Un &Consf

Verma module for sp(2k)

Cartan decomposition
o

sp(2k) = {1"* it e {gf b {m} =& OH B &

Requirement: boundary conditions for o[ from Cartan
subalgebra:
go — go(h') =h' +

So that, following the result by C.Burdik 1985 we start with
highest weight vector |0)y & construct following PBW theorem

V(sp(2k)) = U(E ) @ (10)v) : §[0)v = 0,95]0)v = h'|0)v,
to find {of} = {oj(bj, b; 101, b 10mo, din, A1)},
L, hbn=1,... ki <j,l<n: [bIJ b, b din, d;[] = [0a]: we
use C.Burdik’s results C. B., A. Pashney, for A; (Y (1),AdSg) ;
A. Kuleshoy, A. R. arXiv:0905.2705 for A’(Y (1), AdSg4);
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pld—1 Integer HS symmetry algebra  A(Y (k), rLA—1)
N Additive conversion: Verma module and osc.realization for sp
BRST for HS Symmetry algebra . Ac (Y (k), R1,d 1): Un &Consf

Integer HS fields on

Verma module for sp(2k)

Explicit obtaining of the V (sp(2k)) meet the technical obstacle
because of not commuting of t; ", Ii " with each other in &
The general V (sp(2k)) vector

|nij:pfS>V: ‘nllv <oy Nk, N22, o N2k, -y N p127 acag plka p23: coog ka: ELD) pk—lk>V

‘ﬁij75rs>v = | >V = H|<]( /+)n” Hr r<s( )prS|O>V> (6)
g5lN)y = (Z(l +60)M =) Pis+ > P+ hi) ‘N)V ,

I S>i r<i
r'—1
r S/|N> = ‘ﬁij, 5rs + 5r’s’,rs>v - Z Pirr {ﬁiju 5rs - 5k/r/,rs + 5k’s/,rs>v
k/’=1

— > (14 b )Nee )N — Ok T 05k v
k’=1
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pld—1 Integer HS symmetry algebra  A(Y (k), rLA—1)
N Additive conversion: Verma module and osc.realization for sp
BRST for HS Symmetry algebra . Ac (Y (k), R1,d 1): Un &Consf

Integer HS fields on

explicit construction of V (sp(2k))

I’*\N> = ‘N+5i/j/,ij>v ; for "-" root vectors €&

k times

where AB”—ZklilB” kadkA,adkA = [[...[A, B}, ..], B],

)1

To get the action of E“i on N)V we get the recurrent relation

I'—1
/ N, = I’'m
tm |Oij, Prs)v ‘Cprs Z Pn/m/ Ou, Prs — On/mv s T Ol rs)v
nlf
m-1 5 . Prs>
= Z Pk |: H H (tr’;;/)pr/s/— |/k/,r/s/:|tk,m, 0I17 pq’t’> ,
k’=I"+1 r'<l’.s'>r’ r'=lI'’m’'>s’>r’
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pld—1 Integer HS symmetry algebra  A(Y (k), RrL4-1)

Integer HS fields on o 5 R
9 Additive conversion: Verma module and osc.realization for

sp

BRST for HS Symmetry algebra . Ac (Y (k), R1,d 1): Un &Consf

The solution of the above Eq. exists, so that the explicit form of
t/,, action on the vector [N)y has the final form

k
/ N — —
e IN)y = = D (14 Som )ieme [Fj — S + S, Prs)v
k'=1
-1 m'-1
p
+ Z > Z Hpk’ .
p=0 k{=I'+1  kj=l'+pj=1 =
"1
- Z Pn/m’ nija Prs — 5n’m’,rs + 5n’|’,rs>v
n’=1

Analogously, the action of the rest E®: I/, , on |N)y is determined
with help of the "basic-block” vector C%’:")V
= V(sp(2k)) is explicitly found!  (J.B., A.R NPB 2012)
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pld—1 Integer HS symmetry algebra  A(Y (k), rLA—1)
N Additive conversion: Verma module and osc.realization for sp
BRST for HS Symmetry algebra . Ac (Y (k), R1,d 1): Un &Consf

Integer HS fields on

Oscillator Realization for V (sp(2k))

Making use of the mapping (C. Burdik, 1985)

K K
’ﬁijfﬁrs>v — ’ﬁij=ﬁs> - H (biT)n" H (dr§>prs‘0> € H/-,
ij>i r,S,s>r
m=£0
b b =8, [bij, bl =dudk, i <j,k <I, [y, , dels,] = Grury0sss, »

The polynomial oscillator realization for the V (sp(2k)) over
Heisenberg-Weyl algebra Ay .k exists in the form

C(blj’ blk ) drlsl ’ drzsz) C € {tl’m’7 1'm’> i Il’j’? I| 1'90 (7)
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pld—1 Integer HS symmetry algebra  A(Y (k), rLA—1)
N Additive conversion: Verma module and osc.realization for sp
BRST for HS Symmetry algebra . Ac (Y (k), R1,d 1): Un &Consf

Integer HS fields on

explicit form of basic block —
k
cmd*,d) = (hu —h™ = 3" (dit din + drindmn) + Z Ay Gnm — d,;dlm)d.m
n=m n=I+1
m—1 k m—1 .
=Y didm+ > {ddn— > dpdlm beln
n=I+1 n=m-+1 n’=1

so that, f.i. for tl’m:

m—I—1 m-1 p
- _Zdn'd”m+ Z Z Z SC )Hdkj—lkj
p=0 kj=I+1 kp=I+p j=1
k
=3 (L4 dm)bibum, ko =1, )
n=1
. Thus, the additive conversion of o, into the 1st class O, is
realized! (It completely applicable for massive HS fields by

dim.reduction (J.B., A.R NPB 2012) )

J.Buchbinder General unconstrained LFs for mixed-symmetry HS fields



pld—1 Integer HS symmetry algebra  A(Y (k), RrL4-1)
N Additive conversion: Verma module and osc.realization for sp
BRST for HS Symmetry algebra .A¢(Y (k), R19~1): Un &Consf

Integer HS fields on

BRST operator for Lie algebra A(Y (k), R}4-1)

The BRST operator Q' for Lie algebra A(Y (k), R24-1) is
constructed by the standard rules of BFV- method (without
difficulties as in AdS(d) case J.B.,P.Lavrov 2007, A.R. arxiv:0812.2329,
C.Burdik, A.R. 2012).

Q' =0cC+ %c‘chJK.PK, Q” =0 where (5,gh)Q" =(1,1), (9

C' = (9,m,9%,nT), Pk - ghost coordinates and momenta with of opposite
Grassmann parity to O, with following non-vanishing C.R.

{19rS»)\t+u} = {)\tmﬁé = Ortdsu, {WianJr} = {7’1777?} = jj,
{m, Py} = {Pi,nin} = 0idm,  {mo,Po} =1, {ng, Ps}=15";  (10)

and gh(C') = —gh(?) = 1.
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pld—1 Integer HS symmetry algebra  A(Y (k), RrL4-1)
N Additive conversion: Verma module and osc.realization for sp
BRST for HS Symmetry algebra .A¢(Y (k), R19~1): Un &Consf

Integer HS fields on

Explicit form of Q’

Q" = imlo+n'L + z L™+ 3 AT + In6Gi + 3 3 ' Po (11)

I<m

- o - § 5 (PR~ Ph) = B didax™

i<l<j l<m,n
aF Z 19 19nm/\Jrnl Z (1 = 5In)§ﬁrn77l+n7jmn = Z l I 5mn)19|m'f] ann
n<l<m n,l<m n,l<m
5 DL+ o)t ™ (PG + PE) + D (L + )iy P

I1<m 1<m

1 + Im

JF[E > "7nm77 1+ Z(’IG *776)19 })‘
n,l<m
—[3 @+ 8m)n" i + X O™ + X Ipn™™ + X, nen’] P! + Herm.C.

1<m I<m m<I

Q'K =KQ', in Hot=H®H @ Hgdue to V(sp(2k)) osc.realization in
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) . 1.d—1 Integer HS symmetry algebra  A(Y (k), RLd 1)
Integer HS fields on - & Additive conversion: Verma module and osc.realization for sp
BRST for HS Symmetry algebra .A¢(Y (k), R19~1): Un &Consf

Unconstrained Lagrangian formulation

The obtaining of resulting LF takes standard character
As usual, we extract the spin operator from the Q’:

— Q' =Q+ns(0' +h)+ AP,
o = GO - hl - 77|,P + n; 'P. + Z 1+5Im)(77|m |m - nlmplm)

+ Z[ﬁﬁrA“ 19“ )\ﬁr] _ Z[ﬁJr)\ll 19I| )\I
I<i i<l

[Q7 Ui] =0 5.
The same applies to a scalar physical and gauge vectors
X%) Ix®%) € Hiot Where 9(|x°), [x*))/dng = 0: gh(|x°), [x*)) =
(07 _S)
Ix) = |P)+|Pa), ‘¢A>{(b, bt,d,d*)=C=P =0} = 0 with |®)—basic HS f.
and with the use of the BFV-BRST EQUATION Q’|x°) = 0 that
determines the physical states and a sequence of reducible GTrs, we
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Integer HS fields on pld—1 Integer HS symmetry algebra  A(Y (k), RrY:

Additive conversion: Verma module and osc.realization for sp
BRST for HS Symmetry algebra .A¢(Y (k), R19~1): Un &Consf

Qlx) =0, (¢ +h)x) =0, (e,0h)(Ix)) = (0,0), (12)
81x) = QIxh), (@ +h)xH =0, (e,gh) (X)) = (1,-1), (13)
ShM =QI), (¢ +h)x®) =0, (s,0h)(x*) = (0,-2), (14)

31 = QIX®), (o' +h)x°) =0, (e,9h) (Ix°)) = ((smod 2, —s). (15)

The middle Egs. determines the spectrum of spin values for |y)

and gauge pars. |x°), s =1, ....k(k + 1), the corresponding
proper eigenvalue and eigenvectors,

d—2-—4i .
—-h'" = n'+ — I= 1.k, N, 1 €Z,ng €Nos, [X)(sy,..s0)

where n; must be associated with s; from basic |): n; = s;.
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pld—1 Integer HS symmetry algebra  A(Y (k), RrL4-1)

Integer HS fields on o )
9 Additive conversion: Verma module and os ation for sp

BRST for HS Symmetry algebra .A¢(Y (k), R19~1): Un &Consf

= The equations of motion and the sequence of reducible
gauge transformations for the field with given s = (s)y:

| | k(k
Q(S)k |Xo>(5)k = 07 6|X >(S)k - Q(S)k ‘X +1>(S)k7 J‘X ( +1)>(S)k — 0>| - 07 ceey k2>

for |x°) = |x), and can be obtained from the LAGRANGIAN

Ste = / do (s), (X IK ) Quen XN ixr Ko = K iz 9241,

The corresponding LF of a bosonic field with a specific value of spin s
subject to Y (sy, ..., Sk) is an UNCONSTRAINED GTh OF
MAXIMALLY L = k(k + 1) — 1-TH STAGE OF REDUCIBILITY

the result contains as a particular case LF for
bosonic HS subject to Y (s1), Y (S1,S2)

,in the new Gl action

was obtained for 4-th rank ¢, , , with Y (2,1, 1) as 2-nd stage
reducible GTh.
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pld—1 Integer HS symmetry algebra  A(Y (k), RrL4-1)
N Additive conversion: Verma module and osc.realization for sp

BRST for HS Symmetry algebra .A¢(Y (k), R19~1): Un &Consf

Integer HS fields on

Constrained Lagrangian formulation

Key points of derivation from general Unconstrained LF:
— — A(Y (k),RLA-1y
@ A(Y (K), R — A (Y (k) R = A Qo) =
{lo, 1,1},
@ there are no 2nd class constraints = no conversion,

© to get within BRST-BFV approach cLF we reduce Q' (11)
to Qr = nolo + =i (k" + n"li + w5 ' Po), and have off-shell
constraints L, 7, and spin operator o BRST extended by
ni,nfr,Pi,PiJ’ (as in K.Alkalaev, M.Grigoriev,|.Tipunin, 2009)::

Oir = gé) - TliPi+ +77i+7>i73 [‘Ciijr] = [Tm,Qr] = [UinQr] =0,
(16)
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. . » , wl,d—1
) . 1.d—1 Integer HS symmetry algebra A(Y (k), R )
Integer HS fields on R Additive conversion: Verma module and os ation for sp

BRST for HS Symmetry algebra  A¢(Y (k), R**9—1): Un &Cons

Qlxr) =0, atlxr) = (s'+ 5 )\m (e,gh) (Ixr)) = (0,0), (A7)
3xr) = Qlxr), alxi) =(s'+ 5 >|xr> (e,gh) (Ix7)) = (1,-1), (18)
™ = Q). allxd) =(s'+ 5 )\xr> (19)
‘CH‘XIP> :O 7Tm\Xr> :Oﬁ p:Oavk (20)

Denoting the solutions of the spin part of the above equations
as |XP>(s)k the Constrained LF for the bosonic HS field with
Y (s1, ..., Sk) Will be determined by the LAGRANGIAN

= / A7 (63 OCIQIX) (21)

The corresponding LF of a bosonic field with a specific value of spin s
subject to Y (si, ..., Sk) is an CONSTRAINED due to Eqgs.(20) GTh OF
MAXIMALLY L = k — 1-TH STAGE OF REDUCIBILITY because of

XK) = [T Pk (at)) # 0.
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Half-Integer HS fields on RL.d—1

on Derivation of HS symmetry superalgebra
AT(Y (k), RV

The mofg. spins = (n; +1/2,...,n¢ +1/2) 1ISO(1,d — 1)
group irrep
Mi u% T ]
e e T 1 B :
T e

{i’)rllf)/,ﬂ-m}\U(/,l)nl_(“z%z‘? 0, "/,/l‘\ \U(/’l)”l‘( 2),, (), = 0,, (22)
Y =0, i<j,1<<n, (23)

(B8 )ng 5o L (1), e---~/111---/1:J}---/ljnj----(llk)nk
———

The analogous programm of LF construction is fulfilled in this
case with only peculiarities of spin-tensor and fermionic nature.
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Half-Integer HS fields on RL.d—1

peculiarities of LF construction for fermionic HS fields

Q A(Y(k),R%M-1) — superalgebra
AT(Y (k), RB=1) 5 A(Y (k), R4 |
@ generalized V.M. construction for osp(k|2k) of 2nd class
constraints o, in A(Y (k), R%-4—1) |
© oscillator realization for osp(k|2k) for o in O; = 0, + of
© imposing gauge conditions (A.Sagnotti, M.Tsulaia, 2004)

extracting from the BRST obtained L.e.m. the terms
proportional the 2nd order derivatives,

© obtaining the Unconstrained (constrained) LF for the
spin-tensor field W(Ml)ny(MZ)nz,._. subject to arbitrary
Y (ng,...,Ngk), as for Y (ny, ny) (P.Moshin, A.R, JHEP 2007)
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Summary

Summary and outlook

Summary

@ Gl reducible unconstrained and constrained LFs for
mixed-symmetry integer HS fields subject to YT (k) in
RL9-1 space are developed:;

@ Verma and generalized Verma modules respectively for

{of}
symplectic algebras sp(2k) and orthosymplectic osp(k|2k)
and theirs Fock space realizations are found,;

@ Equivalence of Lagrangian EoM with initial ISO(1,d — 1)
group irreps on a base of Q-cohomological analysis is
established.
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Summary

Summary and outlook

Outlook

@ construction of master BV action, first, for the developing
diagrammatic technics with use of the oscillator formalism,
second, to found Gl vertexes of interacting HS theory.

@ Transition of the above results within BRST-BFV approach
onto HS fields in frame-like formalism.
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Summary

Summary and outlook

Outlook

@ construction of master BV action, first, for the developing
diagrammatic technics with use of the oscillator formalism,
second, to found Gl vertexes of interacting HS theory.

@ Transition of the above results within BRST-BFV approach
onto HS fields in frame-like formalism.

Thank you for attention
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