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Frame-like formalism for massless spin 3
@ Frame-like Lagrangain for massless spin-3 in AdSy:

1
EO _ _6 { g;} [Qucd,achd,b+ ZQMac,dQch,d]

2 ¢ wa d.b d v b
_5{ Zbc}Q#a 7D, ®,° +(d—1)ff{gb}%ac¢y ¢
@ lItis invariant under the following gauge transformations:

d— 1)k
(5Quab,c _ D#nab,c + Cab,cu + ((d — 2)) [26#C§ab _ eu(aéb)c — T7]

5¢Hab — Dﬂfab-i-??ab#

@ We will need also an extra field (that do not enter the free
Lagrangian):

5Z#ab,cd _ Ducab,cd + E[nab,(ceud) + ncd,(aeub) - TI’]
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Kinematics Massless case

Gauge invariant objects and Lagrangian

@ There are three gauge invariant two-forms:

Ruyab,cd — D[szlab,cd N H[Q[Mab,(cey]d) + Q[Mcd,(ae,/]b) o 77,]
Rﬂyab,o — D[uQu]ab’C N Z[Mab,cyl + (d - 1)H[26[MC¢V]ab + ..
(d-2)
Tw™ = D™ =™y

@ On-shell we have:
Ruw°~0, Tuw®~0 = DLR,q®?=0, Ry, ~0
@ Free Lagrangian can be rewritten as follows:
Lo = { ;;Z;xdﬁ} [ay Rwae,beche,df +a Rﬂyae,bRche,d]

1 1

a~ — ap ~ —
K2’ K
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From massive to partially massless spin-3

@ Massive spin-3 = massless spin-3,2,1,0

ZH ab,cd Wab,cd Fab,c 71..azb
( Q#ab’c ) @ ( Qua7b ) @ ( Fa7b ) @ ( ﬂ-a )
¢'M ab f#a A# ©

@ Partially massless spin-3 of depth one = massless spin-3,2

Zuab,cd Wab,cd

o) ab,c D 0 ab

qf ab fua
7 H
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Lagrangian and gauge transformations

EO _ _% { ZZ [Q“cd,aQVcd,b + 2Quac,debc,d] o g { g;gz} Q“ad,bDy(Dac
1 v b 1 vo b
+5 { et 0 — 5 { G } 2TDMS
+m{ g;} [Q”ac,bfyc _ Q#ac(bybc]
3(d —2) 9(d - 2) dr
2 [ pv acg, bc _ af b 2 _ v
+m { ab}[ 2d q)M ¢V 4(d—1)fu f,/ ]7 m 3
ab,c ab,c 3m? ceab (agb)e (a,,b)c
59# ’ = DMT] 4+ W[Zeu f — e § — 7?] [eu Tr}

3m
5¢uab _ Dufab‘l‘nabu + 2(d )[eu(agb) o dgabg ]

9Im?

2(d—-1)
5fa_D§a_|_na+m§a
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Kinematics Partially massles case

Gauge invariant objects
@ Correspondingly, we have six gauge invariant objects:

3m
ijab,cd _ D[sz]ab,cd _ E[Wab,(c[#eyld) + ch,(a[HeV]b)]

Ruyab,c _ D[,uQu]ab’C o Z[Mab,cy] o %[G[M(aﬂy]b)c o 77.] + ...

3m 2
Tw® = Dp®y® — Q)+ m[em(afm )+ —dga fiuail

ab,ed __ ab,cd ab,cd
Wy = D,W —-2my,
9 m2

2(d 1)
Tw® = Dyfy®— Q. — mey, 2

R;wab = D[uQV]ab + M) @0 4 e[u[afv}b] + W[ua’bl/]

@ On-shell:
ijab,c s O, 77U/ab s 0, ija,b g 0’ nya ~0

Yu. M. Zinoviev (IHEP, Protvino) Partially massless spin 3 HSTH 24.11.2015 7/16



Kinematics Partially massles case

Skvortsov-Vasiliev version
@ We have four one-forms only:

(Quab,c’ (buab) ® (Quabv fua)

@ and four gauge invariant two-forms:

RW ab,c
b
Tw®

b
R..?

a
T

3m 3m?
D[#leab,c — %[G[M(aﬂy]b)c — TI’] + _2d [2e[ucd>l,]ab + .

3m 2
D™ = U + gyl + 59

Im? .
2(d—1)
Dy fn? = Qppuuy® — mey, 2

b ,b b
DpuS2)®° + my, 1 * + f

@ Free Lagrangian can be written as:

Lo= { gg?c? } [aZRWae’bRozﬁce’d + a3RuvabRocﬁCd]
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Gravitational interaction

What we can expect for 3-3-2 vertices

@ Massless spin-3 @ massless spin-2
N=4,6(,8)

@ Partially massless spin-3 & massless spin-2
(Joung, Lopez, Taronna 12)

N=2446,6
@ Massive spin-3 @& massless spin-2 (Metsaev 06, 12)

N =3,4,4,55,6,6(,7,8)
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Deformations of curvatures
@ We have to consider the most general quadratic deformations for

all curvatures and require that the deformed curvatures transform
covariantly.

@ For spin 3 curvatures they correspond to the minimal substitution
rules. Variations that do not vanish on-shell:

57%uyab,cd ~ CO[R#Ve(aCb)e,cd + RWe(CCd)e,ab
_ﬁe(aRW/b)e,cd - ﬁe(cRWd)e,ab]

67%uyab,c ~ Co[Rw,d(anb)d’C—l—Ru,,dcnab’d—i—RWab’Cdéd]
@ For the gravitational curvature we obtain:

5,’51)Myab ~ by Rﬂyde,c[acb]c,de
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Interacting Lagrangian

@ is the sum of the free Lagrangians where curvatures are repalced
by the deformed ones plus abelian vertex:

A f. 75 ce,df A bAcw,d £ £
L = { Zggdﬂ} [31 R/Wa&b Raﬁ + aZR,uVae bRaﬂ + ao RuuabRa,BCd]
pvafBy af b cf,dgp e
+C { abcde }RW gRaﬁ ghv

@ Invariance fixes the relation
biA ~ ¢y

@ Both non-abelian and abelian vertices contain terms up to six
derivatives but we can adjust coefficients so that all six derivatives
terms vanish on-shell (Vasiliev 11).
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Gravitational interaction Minimal case

Deformations of curvatures

@ We have one-forms only = the procedure goes exactly as in the
massless case.

@ For the partially massless spin-3 it again corrsponds to the
minimal substitution rules. Transformations that do not vanish
on-shell look like:

57%lwab,c ~ CO[R“Vd(anb)d,c + ledcnab,d
57§,Wab _lec[anb]c _ mRﬂyc[a,b]gc]

Q

@ For the gravitational curvature we obtain:

5ﬁi’#yab ~ bORch,[ancd,\b] + 2b07-\;,ﬂy[a|c,dnb]c,d
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Gravitational interaction Minimal case

Interacting Lagrangian

@ has the same structure:

L = {Zggf } [azﬁﬂyae,bﬁaﬁce,d + 337%yuab7%a50d +a leab Ra,BCd]
B f,.b f,d
o1 { e} Ry M OR 05 e

@ Invariance fixes relation between two coupling constants:
Co ~ bo

@ Both non-abelian and abelian vertices contain terms with up to
four derivatives.
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Deformations of curvatures

@ For the partially massless curvatures we again get minimal
substitutions:

A 3m
57€Wab’0d ~ RWe(aCb)e,cd + Hﬂye(ccd)e,ab o %[g(aw[uyl/]b),cd +..
57“2lwab,c ~ Rm,d(anb)d’c + ijdcnab,d o Rwab,cdgd

@ The most general solution for the gravitational curvature and
torsion we get six free parameters:

bO? b1 3 b27 b37 b47 b5
@ At the same time we have five possible field redefinitions:

w#ab - w#ab + mzude,c[a Wb]c,de + Ko Wac,bdQﬂcd
a a ab,cd cd,b ab,cd b,cd ayp/2
hﬂ = hﬂ + K3 wav QH Y+ Ky wav Wﬂ 4 /Q5e# w
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Gravitational interaction Non-minimal case

Interacting Lagrangian

@ has the same general structure:

L = {:Z?j} [a1 ﬁuyae,bfﬁlaﬂce,df_l_ azﬁwae,bﬁaﬂce,d + asﬁuyabﬁlaﬂcd]
+an {550} RO 4 a5 { )W, 2090, et
a0 { e } B Bas™
te { ZZSC@} Rwaf,bgRaﬁcf,dg h.® + ¢ { ZZ?} W#ad,efWVbd,ef h,°

@ The number of independent vertices depends on which field
redefinitions are considered as admissible.
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Conclusion

Final remarks

@ In the Skvortsov-Vasiliev case to reproduce vertices with more
than four derivatives we still have to include some zero-forms.

@ If we consider the genaral massive case and take partially
massless limit we naturally end with the non-minimal version.

@ The general formalism can be applied to the massive case. From
one hand the most general deformations produce a lot of higher
derivatives vertices for lower spin components. From the other
hand we will face a lot of possible field redefinitions.

@ Technically the most important open question is the admissibility
of these redefinitions.

Yu. M. Zinoviev (IHEP, Protvino) Partially massless spin 3 HSTH 24.11.2015 16/16



	Kinematics
	Massless case
	Partially massles case

	Gravitational interaction
	Massless case
	Minimal case
	Non-minimal case


