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o Cubic verteces

© Massive spin 3/2

o Free fields
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The talk is based on arXiv:1405.7781
with |.L. Buchbinder and Yu.M. Zinoviev
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Introduction

Fermionic higher spin fields

@ Free fields: Lagrangian formulation for massless Fang and Fronsdal (1978)
and massive fields Singh and Hagen (1974)

@ Interacting massless (gauge) fields: Full non-linear theory as extended
supersymmetric gauge theory Fradkin and Vasiliev (1987)

Spin 3/2 — Extended Puancare (AdS) superalgebras
Spin > 3/2 — Extended Higher Spin superalgebras

Gauge invariant principles

@ Interacting massive fields: Classification of cubic verteces in light-cone
approach Metsaev (2007). Superstring theory.

Gauge-invariant description and cubic verteces as first step.
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Frame-like gauge invariant approach

Frame-like formulation

Frame-like formualtion for spins higher s > 3/2 is just generalization of frame
formulation for gravity in terms of tetrad &, and Lorentz connection @, "’

@ Field content

— 1 for bosons

é#a,@“a’b = (I)‘u‘almas_l’blmbk7 0 S S
0 <s—3/2 for fermions

aj...ag_g/9,b1...by
Yy = v, ==3/2 s

Physicly extra fields ®,,%1-*s=1:01-bk , §F P 01--@s—1

@ Gauge transformations

..ag_1,b1...b ..ag_1,b1...b
5(1)#&1 as—1,b1 kzaué'”'l @s—101-0p 4

@ Gauge invariant field strength (curvatures)

..ag_1,b1...b ..ag_1,b1...b
Ruual as—1,01 k :8[pq>u]a1 as—1,01 k+

@ Lagrangian for free fields
Lo=>» RAR
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Frame-like gauge invariant approach

Frame-like description

Spin-2 example (linearized gravity in AdS)

@ Field content:  €,* = e, +h,* @, = w,*" +w,*?

en® w,™P — fixed (non-dynamical) fields of AdS space

a,b

hu® wu — dynamical spin-2 fields

@ Gauge transformations
Sohu® = Dp€® + 1, Gow, ™’ = D™’ — N2e, 1€
where D, is AdS covariant derivative
D" = 0,6 +w, €', DyDg" = Ney, "6y

@ Gauge invariant field strength (Torsion and Curvature)

Tov® = Diphi)® = wiun®  Run™” = D)™ — Nep, [y,
@ Lagrangian for free fields MacDowell and Mansouri (1977)

b d
Lo = ao { 15 } o Rop™, {530} = eMactie” e
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Frame-like gauge invariant approach

Cubic verteces

General setup in gauge-invariant description

@ The Lagrangian and gauge transformations are represented as a series in powers of
some coupling constant &

£=£0+/€£1+..., 0 =00 + KO + ...

where
L1 =DDD, 0P = D¢

@ Condition of gauge invariance §£ = 0 requires

KO 5050 =0
Kl 00L1+01Lyg=0
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Frame-like gauge invariant approach

Cubic verteces

Additional features in frame-like formulation

@ Cubic vertex in terms of linearized curvatures Vasiliev (2011)

L1 =RRR+RRP+ RPP

@ There exist quadratic deformation for all curvatures R — R = R + AR such that
deformed curvatures transform covariantly

AR=3D, 51 =3¢ = O6R=36AR+HR=TRE
@ Non-trivial interacting Lagrangian

L=RR+RR® — L=RRE=0
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Massive spin 3/2

Free fields
Frame-like gauge invariant formulation

@ Field content

¥, — spin-vector master field

¢ — spinor auxiliary Stueckelberg field
@ Free Lagrangian and gauge transformation
Lo = L {5} BT Dutpa+ L ufr" Dutr +
H3ime" a6 = S0 {5, - Mo

i M
dotb = Dub+ 56 dod = 3mé

where M? =m? + A% In m = 0 we have massless spin-3/2 and massive spin-1/2
Notations T'®" = 1/2y[@7b {4V} = el e,
Conventions D, D, = \?/2T €, A = —A/3
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Massive spin 3/2

Free fields
Frame-like gauge invariant formulation

@ Gauge invariant strength (curvatures)
V., = Dpy,+ chzﬁ + MV[;ﬂ/’u]
By = Dub— St + Dy
@ Free Lagrangian through curvature
o= { 4ol b T W +ica { 430} U T B+ e { 1} 8,1 D,
The requirement to reproduce the original Lagrangian partially fixes the parameters
3c3 = —8cy, 32c1 M =1—12¢com
One-parameter ambiguity is related with the identity:

{7} Du(@ual " 25) = 0
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Massive spin 3/2

Electromagnetic coupling
For e/m gauge group SO(2) ~ U(1) we turn 9, ¢ — ¥,", ¢ where i = 1,2
@ Minimal coupling D, — D, + eoc™” A,

SoLo = _3i60€ijeua1z)#il—\aberc£j
@ Non-minimal interaction
L= s (YOS ET T, -
—aaie et (2F ! — T F ) + L2 IG (OR)

Ot = done” (DF)y,¢, 8¢" = aze” (TF)E’
01A, = —24a15ij1/_)ui£j — Qiazaiqui’yuﬁj
One relation holds 4Maq + 2mas = eg
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Massive spin 3/2

Electromagnetic coupling

@ Deformations for curvatures AR
A\I/Wi = eosijA[uwu]j, A@Mi = eosijAuqﬁj
AFu =" (a1, o) +iaoty 19" + as¢' T d’)
@ Deformed curvatures transform
o,  =eoe’F &, 6§80, =0
0F,, = g [2a1\flf“,£j - iagé[ui%]fj]
In this one relation holds  18mas = —mai1 — 6Mas
@ Interacting Lagrangian
L= PRt e {5 0, T,
tiea { M0 0 T80 + s { 17} B T,

Requirement of gauge invariance gives

a1 = —12a;3 = —96epc1, a2 = 2a2 = 12epc2
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Massive spin 3/2

Gravitational coupling (3 — 2 — 2)
General scheme

@ Let us for a while note
V=W, d), ¥=(¥,,,®,) - fields and curvatures for spin-3/2
w= (W hy®), R=(Ruw, T - fields and curvatures for spin-2

@ Deformations to curvatures R = R + AR
AV = wi, AR =y
@ Corrections to gauge transformation
o) =wEDPE, i =g
@ Curvature transformations R = 61R + 6oAR = RE
oV = WEgRE, OR=W¢
@ Interacting Lagrangian

L=RROIVIBIVw = 6L=RUEDVUE=0
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Massive spin 3/2

Gravitational coupling

Deformations for massive spin-3/2

@ Deformations to curvatures

a . 2m, ap a
AV, = go(wi*Tapthy) + 2Mihy, “vathy) — ?h[u I,%)
Aq}u = QO(WuabFab¢+2Mihua'Ya¢)
@ Corrections to gauge transformation
a ~ . a < 2m a &
Oitby = —go(P*"Yurlar + 2MY pba — ST da
—w, T apé — 2iMh, Vo)
516 = —go(T*"¢hap + 20M~" $a)
@ Curvature transformations
= ab ~ . a s 2m a s
6\11;1,11 - _QO(F \Iluu'r]ab + QZM'Y qjuyga + ?F[y éu]ga

—Ry T apé — 2iM T, “vaE)
50, = —go(T"®unap + 2iM~ D,E,)
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Massive spin 3/2

Gravitational coupling

Deformations for massless spin-2

@ Deformations to curvatures

ARH,,ab = bﬂZ[“Fab’dJu] + ibze[u[azzu]’yb]gé +
+ibs L) *d + baep,“e,) ¢ + bsdL
ATW,Q = ibﬁ’d)[u’yal/)y] + b7€[ua1/)y]¢ + bs’d)[ul—‘y]ad) + ibgngF,W“qS

@ Corrections to gauge transformation

51Wuab = Qb“zur‘abf - ib?eu[aq_s’yb]f - ibsiﬂ“bé
d1h,” 2ibeth v € + bre, € + bsdT',* €

@ Curvature transformations

ORW™ = 2010, %% + ibsey, 1 ®,7" € — ibs®,T,,%¢
5’fﬂua = 2ib6lfl,“/ya§ — b76[ua<i)u]§ + bg(i)[”r‘y]ag

Only b1 is not fixed

T. Snegirev (TSPU) Suzdal, 2014 14 / 16



Massive spin 3/2

Gravitational coupling (3 — 2 — 2)
@ Interacting Lagrangian
£o= af el R R
ter { e} BT By e { 50} BT B + s { 1} B0,
tiea { 1000} BT Bahs” + o5 { 10} BT ko
In dimensions d > 4 we should add one more Abelian vertex
{{ e} T,
@ Condition of gauge invariance for Lagrangian

6c
b = ?1907 ¢y = 4cago, cs = 4c3go
0
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Using frame-like gauge invariant approach we show that like massless one

@ Massive spin 3/2 theory can be rewritten in terms of gauge invariant
curvatures

@ Cubic verteces can be constructed as curvature deformation procedure
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