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Frame-like formalism

@ Frame-like formalism: a set of one-forms ¢ (physical, auxiliary and
extra) fields.

@ Each field has its own gauge transformation
0o =D¢+ ...

@ For each field gauge invariant object (two-form) can be
constructed
R=DA®+...

@ Free Lagrangian can be rewritten in explicitly gauge invariant form

Lo~> RAR
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Cubic vertices
@ Three types of cubic vertices:
» trivia: L~ RARAR
» abelian: L~ RARAD

» non-abelian: L~ RAD AP
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Cubic vertices

@ Three types of cubic vertices:

> trivial: L~RARAR

» abelian: L~ RARASD

» non-abelian: L~ RAPAD
@ All non-abelian vertices come from the deformation procedure:
quadratic deformation of curvatures: AR ~ ® A ®
linear deformation of gauge transformations §& ~ ¢
covariant transformations of deformed curvatures: 6% ~ RE
interacting Lagrangian: £~ >R AR

v vy VvYy
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Cubic vertices

@ Three types of cubic vertices:
> trivial: L~RARAR
» abelian: L~ RARAD
» non-abelian: L~ RAPAP
@ All non-abelian vertices come from the deformation procedure:
quadratic deformation of curvatures: AR ~ ® A ®
linear deformation of gauge transformations §® ~ ¢
covariant transformations of defgrqu curvatures: 6R ~ RE
interacting Lagrangian: L~ > RAR
@ Vasiliev-2011: any non-trivial cubic vertex for massless completely
symmetric fields with spins s1, s, and s3 having up to

v vy VvYy

N=si+s+5—-2

derivatives can be obtained as a linear combination of abelian and
non-abelian vertices.
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Multispinor frame-like formalism

@ Most auxiliary and extra fields are mixed symmetry (spin-)tensors
(v-traceless in fermionic cases)

q>a1 ...ds_1,b1...bg

@ Restriction to d = 4 — multispinor frame-like formalism: all fields
are still one forms but with all local indices replaced by spinor
ones a — (ad). Spin 3 example:

VE (W) =0 & Wl yedd
Qlatl Qb _—0 o QF QaBy

@ We work in (A)dS, space with background frame e** and
covariant derivative D normalized so that (A = —)?)

1 .
D A D™ = 2)2E“P¢g, E*P = 567 A efe
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Kinematics

@ Free Lagrangian in AdS;;
aB | A a & & aBf
Lo = wagde“BDwﬁ g + E[ST/JQBO'ZE 71/)'87 —"L/Jang sz BB + h.C.]
@ ltis invariant under the gauge transformations:
501/}0!5“'7 — Dgaﬁﬁ + ewﬁnaﬁv + )\e(aégﬁ)“'ﬂ;
@ Auxiliary field Q%7:

50Q*P7 = Dnaﬁv + )2 e(aggﬁv)fi
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Kinematics (cont.)

@ Gauge invariant objects:

ROBY = pDQBY )\2e(a8¢ﬁ—y)6

T8y = DyBY 4 )\e(a(ﬂbﬁ)% + g51QP0
@ Zero torsion condition

5S

T=0 = 2= o 3 =0

@ Free Lagrangian can be rewritten

Lo = ay ’R,ag»yRa’Bv + 327;/3&7‘0&& + h.c.

Yu. M. Zinoviev (IHEP, Protvino) On spin 5/2 HST & H 10.12.14

7/14



Massless spin 3

Gravitational interaction

@ Deformations for spin g correspond to minimal substitution rules:
D—D+w,e— e+ h:

AR = colw(@5Q5M% 4 N2he 4P
ATOPE — Co[w(avwﬁ)vd + wdéwaﬁﬁ + )\h(agwﬁ)dﬁ + hdeaﬁv]
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Massless spin 3

Gravitational interaction

@ Deformations for spin g correspond to minimal substitution rules:
D—D+w,e— e+ h:

AR = colw(@5Q5M% 4 N2he 4P
ATOPE — co[w(a7¢5)vd + wdﬁ.waﬁﬁ + )\h(anﬁ)dﬁ + hdeaﬁv]

@ Deformations for curvature and torsion:
AR — bO[Q(Ot,WSQﬁ)’W; + 2/\2¢(0¢7d¢5)7d + )\2¢(adﬁ.¢ﬁ)0’c6]
AT = 2b[Q% ™% + 22Xy 55977 + h.c]
@ Non-trivial (on-shell) part of gauge transformations:
SR = Rlogphnd
sTese = Rlo ghhe 4 Rdﬂ.gaﬁﬁ'
SR8 — 2b07'\’,(°‘75775)'76
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Cubic vertex

@ Interacting Lagrangian
L = a1Rup R + @y Taps T + agRas R + h.c.
@ Invariance of the Lagrangian requires
3aicy = 4agbg

@ Cubic vertex contains terms with up to 2 derivatives
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Kinematics
e Partially massless spin 3: helicities =3, +3. Free Lagrangian:
Lo = tapa€” ;D07 1)y 6%; Dy’
+ 0 Basa B0 — Yoga B ]
+302[tasa E*P0T — ;5 EY0°] — BaqpaE 51 + hec.
5)2

2 _ )\ 2 _
Hel’e Qq —T,ag =97
@ Gauge transformations:

Son®Pe = peaBé o, e(aB 58 4 g dpeBY 4 o, eiergh)
S = DEY + 3ap3at™PY + 3aq€%4E°8
@ Auxiliary fields (V57 — zero form):
5008 = Dnaﬁv’ SVeBY — 6a2na6v
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Gauge invariant objects

@ Each field has its own gauge invariant object:

4o

RO = pQoby - T2 plagypn)e
Tabd D¢aﬂa +e, aQesy 4 o el ¢ﬁ)a5 + azea(awﬁ)
WY = DyY® + Bapesath®?® 4 Baq ey — Eg, VOO
Vebr = DVOBY — Ba QP
@ Zero torsion conditions:
0S
T=0 = Q=Q) & @_o
S
V=0 = V=V®{) & @_0
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Lagrangian

@ Lagrangian in terms of gauge invariant objects:

Lo = & RQBVRO‘BV + 327;5@7-&/8@ + az¥, ve
+84Va57E75Vaﬁ5 + asﬁgdeﬂvam + h.c.

@ There is an ambiguity in the choice of coefficients due to identity:

0~ D(RapyV*) = DRag V¥ + Rag, DV
1200

= —6aoR, BW'RO@BW + Vas, E? PV
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Deformations

@ Deformation for partially massless spin % again correspond to
minimal substitution rules D - D +w, e — e + h.

@ Deformations for gravitational curvature and torsion are defined up
to possible field redefinitions

h% = B 4 k1 @YV Vg 5 4 k€ VA Vg s 4.
@ Non-trivial (on-shell) part of gauge transformations looks like:

SR = 2byRE 0 4 by R¥TE 4 ...
SRPY = R spnh?
sToR = R PN 4 gy R% o0
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Interacting Lagrangian

@ Interacting Lagrangian is just the sum of free Lagrangians with
deformed curvatures plus abelian vertex:

Lo = & '7%,05,37'7@,04’8’y + agtgd'i‘aﬁd + a3\/|\1a\,|\/a + a4f)a57E75f20‘f35
+as5Topa e,V +iagRus R + 2RV, + hec.
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Interacting Lagrangian

@ Interacting Lagrangian is just the sum of free Lagrangians with
deformed curvatures plus abelian vertex:

Lo = & 7%&577%&’87 + aztgdi-aﬂd + a3\JAJa\TIO‘ + a4f/a57E75f20‘55
+asTp06, V% 4 iagRas R + agRas Ve, + hic.

@ Gauge invariance fixes all the coefficients in deformations as well
as coefficient ag of abelian vertex in terms of gravitational coupling
constant ¢y = one non-trivial vertex only.

@ As in the massless case cubic vertex contains terms with up to
two derivatives.
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