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Historical background and motivation for this work

e Old conjecture/expectation regarding consistent propagation of
conformal higher spin (CHS) fields on Bach-flat backgrounds,
going back to E. Fradkin & A. Tseytlin (1985).

e . Nutma & M. Taronna, arXiv:1404.7452

o M. Grigoriev & A. Tseytlin, arXiv:1609.09381

e Superconformal higher spin (SCHS) models
SMI, R. Manvelyan & S. Theisen, arXiv:1701.00682
include several conformal gauge fields.

e M. Beccaria & A. Tseytlin, arXiv:1702.00222
o R. Manvelyan & G. Poghosyan, arXiv:1804.10779
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Historical background

e Free CHS models (Fradkin & Tseytlin, 85) are higher-spin
extensions of Maxwell’s action and the linearised action for
conformal gravity in M* (conformal graviton model).

e Maxwell’s action is gauge invariant in any curved space.

e Gauge invariance of the conformal graviton can be ensured only on
Bach-flat backgrounds,

By, = (DD + %RCd)Ccabd =0.
Indeed, consider the nonlinear action for conformal gravity
Sca /d4$\/jg(cabcd)2 .
Its EoM is By, = 0. Picking a solution and linearising Scg about
this background leads to a gauge-invariant action for conformal

graviton (spin 2).

Sergei Kuzenko and Michael Ponds (UWA) Conformal higher-spin theory 5/ 39



Historical background

e Conformal gravitino model (spin 3/2) can also be lifted to
Bach-flat backgrounds. (Linearisation of conformal SUGRA)

e Old expectation: Gauge-invariant actions for pure conformal
spin-s fields should exist for s > 2 on Bach-flat backgrounds.

e Conformal spin-3 field.
T. Nutma & M. Taronna, arXiv:1404.7452
R. Manvelyan & G. Poghosyan, arXiv:1804.10779
Attempts to construct a gauge-invariant action for spin-3
succeeded only to first order in the background curvature.

e Old expectation is ruined.
M. Grigoriev & A. Tseytlin, arXiv:1609.09381
M. Beccaria & A. Tseytlin, arXiv:1702.00222
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Historical background

@ Building on the complete interacting bosonic CHS theory
A Segal, hep-th/0207212
Grigoriev & Tseytlin and later Beccaria & Tseytlin argued that, in
Bach flat backgrounds, the pure spin-3 action cannot be made
gauge invariant on its own beyond first order in the background
curvature. Coupling to a conformal spin-1 field is required.

e Conformal spin-3 story remains incomplete.
e Supersymmetry considerations imply that spin-3 field should
couple to spin-1 and spin-2 fields. (To be discussed in this talk.)

e Complete gauge-invariant actions in Bach-flat backgrounds were
constructed for the following models: (i) conformal maximal depth
fields with spin s = 5/2 and s = 3; (ii) conformal pseudo-graviton
(hook field); (iii) superconformal pseudo-graviton multiplet.

The models (i) and (ii) will be discussed in this talk.
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SUGRA & higher spin gauge fields

e Massless spin-3/2 field in curved backgrounds —- SUGRA
Buchdahl (1958) == Deser & Zumino (1976)
Ferrara, Freedman & van Nieuwenhuizen (1976)

e SUGRA (1976) — Higher spin gauge models (1978)
Fronsdal, Fang & Fronsdal

e Conformal SUGRA = SCHS multiplets
Kaku,Townsend & Howe, Stelle & Townsend (1981)

van Nieuwenhuizen (1977)
Ferrara & Zumino (1978)
o Conformal SUGRA = Free CHS gauge models
Fradkin & Tseytlin (1985)
e Off-shell 4D N = 2 supergravity 4D massless higher spin theory

Fradkin & Vasiliev (1979) = Fradkin & Vasiliev (1986)
de Wit & van Holten (1979)

e 3D (p,q) AdS supergravity — 3D higher spin theory
Achtcarro & Townsend (1986) Blencowe (1988) .........
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From conformal SUGRA to CHS gauge (super)fields

e N =1 conformal SUGRA is described by a real unconstrained
prepotential Hog = (0m)acH™

o Linearised gauge freedom
5Ho¢o'z = Do'zAa - DaAd )

with the gauge parameter A, being unconstrained.
Ferrara & Zumino (1978)

e Gravitational superfield

H™0,0) = --- 4 00%0e,™ + 020%™ 4 02050%™ + 626% A™
Ogievetsky & Sokatchev (1977); Siegel (1977)
eq™ vielbein
V™ gravitino
A™ R-symmetry gauge field
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Conformal gauge superfields: Half-integer superspin

Superspin-(s + 3) s=1,2,...
Conformal prepotential Hus)as) = Hayosén.os 18 @ real superfield,
symmetric in its undotted indices, and in its dotted indices.

Gauge transformation law:

5Ha1...aso'q...o'zs = D(d A

19rar..asdn. b)) T D(alAag...as)dl...ds )

with unconstrained gauge parameter Ay (s)a(s—1)-
Howe, Stelle & Townsend (1981)
The s = 1 case corresponds to linearised conformal supergravity
Ferrara & Zumino (1978)
Weak Wess-Zumino gauge:

— — A _2
Ha(s)d(s)(979) = eﬁeﬂeﬁﬁ,a(s)o’c(s) +0 061’[)/870‘(5)‘3‘(5)
2087 . 272 o
—040 ¢a(s)ﬂ,d(8) + 070 Aal...asal...as .

€84 a(s)a(s) MAY be identified with Vasiliev’s generalised vielbein.
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Conformal gauge superfields: Half-integer superspin
Strong Wess-Zumino gauge:

Hal---asdl---ds (970) = eﬁeﬁh(ﬁal QS)(BC'” e ) + 9 651/} ,Bal...as)dl...ds
_02661/} )+9262ha1 0s1... Qs

aq...0g Bal Ko7

bosonic fields hq(s11)a(s+1) and hg(s)a(s) are real.
Residual gauge freedom:

(Ho = 00%00,,)

_ i i ._
Dy Na(s)dn. o) = €709 = = Ca(s)anive + 10(61 Pa(s)dn...cve)
2
. _ S = :
—10(01 Pas...c).cts T 1 1959((&13(57Ca1...a5)a1...as,m

1 s2 - . . _
_5 me(og 9((541 a’y’yCag...as)'ydg...o'cs)"y —2i 9(041 9(0'41 Cag...oas)o'zg.,.as)

029(018011 Pax....cus)yér...cvs) } )

s+ 1
where the bosonic parameters (,(s)a(s) and Co(s—1)a(s—1) are real.
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Conformal gauge superfields: Half-integer superspin
Residual gauge transformations:

6h0¢1---0£s+1d1---ds+1 = a(al(dlCag,..as+1)d2...ds+1) b

(a1 (é1Caz...as)do.is) »

5ho¢14..asd1...ds
6¢a1..la5+1d1...ds 8(0&1(@1 pag...as+1)d2,..d5) ‘

Switch to vector notation: ha,..a.ay..6s = Pay...as = Nay...as) = Pags)

1\° . .
hay..as = (_2> (0a)* o (0a) " " hay s ...

and extend the symmetric traceless field h,(5) to a symmetric field h, )
by introducing compensating degrees of freedom. Gauge symmetry:

5ha1~nas = a(mgag...as) + n(a1a2)‘a3...as) ) nbcfbcm...asfg =0 y

SCHS multiplets contain the CHS fields of Fradkin & Tseytlin (1985)
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Free conformal higher-spin theories in M*

@ Spin-s bosonic CHS field is a real, traceful & totally symmetric tensor:

Pay...ags ($) = Qa(al.“as)(x) = Pa(s) (JJ) 5 Wbba(sf2) # 0

CHS action originally formulated in terms of projectors
Sésl){s = /d4x Lpa(s)DSHw@a(s) , 0 := 08,0,
E.S. Fradkin & A.A. Tseytlin (1985)
@ Operators II(,) project onto traceless and transverse subspace
NI Pheais—2) =0, "IL(o)Ppa(s—1) =0
R.E. Behrends & C. Fronsdal (1957)

@ Action has HS gauge symmetry and ‘generalised’ algebraic Weyl symmetry

(Sf‘pa(s) = (()(alén,gmag) ; 6)\90{1(3) = n(a1a2>\a3“.as)

Action is invariant under conformal transformations of M*

@ Convenient to fix algebraic symmetry by gauging away trace of CHS field
Pa(s) = ha(s) ) hbba(572) =0
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The vielbein formalism

@ Spacetime manifold parametrized by local coordinates =™

@ Introduce orthonormal basis e, in the tangent space at each point
ea= e @)0m s Gun(@)ea " (2)es" (@) = Nas -
@ Convert all ‘world tensors’ to ‘Lorentz tensors’ using the vielbein
e.g. Vi (z) = Va(z) = ea™ (2) Vin ()
@ Replace regular derivative with Lorentz covariant derivative

1 1
Da = eu.mam - iwabchc 5 I:D(ZyDb:I = - abCDc - iRadeMcd .

@ The Lorentz connection wgp. is determined by the vielbein through torsion-free
constraint,

T =0 — Wabe = wabc(e) .
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@ Top down approach: Conformal gravity action

Sca = /d4:c eCCoped e = det(en”)

@ Invariant under Weyl (local scale) transformations of the vielbein

b = —doe
doea " =o(x)e,” = 7 =  J5;8cc =0
( ) {6a'cabcd = 2‘Tc’abcd ce

@ Equation of motion: Bgy =0 (Bach-flat geometry)

m0Sca
dem®

1
ep By = (D°D* + §R°d)0mbd Bach tensor

@ Perturb the vielbein around a (Bach-flat) background geometry
eam — éam = eam + habebm 5 |hab| <1
@ Gauge freedom allows to choose h,, to be symmetric and traceless

hab == hba 5 nabhab =0



@ Weyl action to quadratic order in hqyp

S%i(‘;) _ /d4w65abcdaabcd _ /d4xe {(I)Cabcd(l)cabcd + 2Cabcd(2)oabcd}

) 6;abcd - Cabcd + (1)Cabcd + (2)Cabcd
4
M Capea = — 207 1 Chpea + 4Plagchay) + 4P any(chay s + gna[cnd]bhfgpfg
— 4Anjagchayy Py - 4D, Dichayy) — 2n[c{anDb}hd]f
2
— 200D Doy iy + gna[cnd]bDnghfg + 200 cBhay)
(2)C'abcd = ...( insert mess )...

@ Schouten tensor: P,, = %Rab - %nabR

@ Invariant under linearised diffeomorphisms (gauge) and Weyl transformations

Schab = D(abp) — 11D e ' '
Sohay =0 = 5SEY =5,8UY =0

doea "t = oe,™



Extension to higher-spin ?

@ How to generalise top down approach to higher-spin?
@ Non-linear CHS induced action: ALAL Tseytlin (2002)
A Segal (2002)
X. Bekaert, E. Joung & J. Mourad (2011)
@ Linearisation procedure with non-trivial background metric is non-trivial
M. Grigoriev & A.A. Tseytlin (2016)
M. Beccaria & A.A. Tseytlin (2017)

@ Bottom up approach: Construct the linearised actions based on symmetry
principles (gauge & Weyl invariance) + flat-space limit

@ Idea: Start with minimal lift of flat-space model and add non-minimal (NM)
corrections which ensure Weyl and gauge invariance

Scus|h, 7] — Scuslh,g9] + Snm

@ Complications:
@ Conformal higher-spin = higher-derivatives
© Curvature dependent terms
© Many possible terms
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Conformal gravity: Gauging the conformal algebra

@ Solution: Make local conformal symmetry manifest by enriching the local
structure group of the space-time manifold to the conformal algebra
M. Kaku, P.K. Townsend & P. van Nieuwenhuizen (1977)

@ Modern formulation: D. Butter (2009)
D. Butter, SMK, J. Novak & G. Tartaglino-Mazzucchelli (2013)
@ Conformal algebra so(4, 2):

[Mab, Msd] = 277c[a]\4b]d - 2'r/d[a]\4b]c ) [Dv Kll] =-K, ’
[Mab7 Kc] = 277(;[«11{b] ) [D7 Pa] =P,
[Maba PE] = 2775[an] ) [Ka, Pb] = 2nabD +2Mgp .

@ ‘Gauging’ s0(4,2): For each generator associate a connection one-form,
P, = e."(x), Mauw <= Qurc(z), Ko<= fau(z), D<= by(z)
@ Introduce conformal covariant derivative:

va = ea”nam - %QabCMbc - fn,be - an 5 Da = eamam - %Wabchc

Conformal covariant derivative Lorentz covariant derivative

Sergei Kuzenko and Michael Ponds (UWA) Conformal higher-spin theory 18 / 39



Conformal gravity: Constraining the algebra

@ Commutator of covariant derivatives:

c 1 C (&
[Va, V3] = =Tap"Ve = SR(M)ap™ Mea = R(K) b Ke — Rap(D)D

@ There are four independent fields instead of one: {ema7 Q.5 fab, ba}
@ Need to impose covariant constraints amongst ‘extra’ connections:
(A) T =0 = Qabe = Qave(e, b)
(B) W R(M)apea =0 = fab = Jan(e, b)
@ Under these constraints the algebra is determined by the Weyl tensor
[Va, Vs] = _%CadeMcd + %Vccabchd
@ Conformal covariant derivatives commute in conformally-flat space-times!
Cabea =0 == [Va, Vb} =0
@ Degauging: Gauge away b, connection using K-symmetry:

Qa C 7b = Qa C
b =0 =—> be(€,6) el€) gD, 4 iRlK,
fab(€, b) = fab(e) 2
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@ The field ®(z) is said to be primary with Weyl weight A if it satisfies
K.®=0, D®=AP (A€R)

@ Upon degauging can show these are equivalent to Wey! transformations

Ko =0 W30 5 b —Acd
DO = Ad e

@ Aim: To construct an action S = [ d*zel from a primary Lagrangian £
with weight 4 = invariance under scale transformations

Ko,L=0 ba=0
— SxpS =0 == 0.8 =0
{ DL = 4L e
@ CHS gauge fields are primary with fixed Weyl weight A
§£ha(s) = v(alfag...as) - (traces) ) Kbha(s) =0, Dha(s) = ASha(s)

@ Gauge symmetry fixes A, uniquely: [Ka, Vb] = 21qpD 4+ 2M oy
O:Kb(ha(s) +6§ha(s)) - As=2-—5



Two-component spinor notation

@ Convert to two-component spinor notation:

ha(s) — hoq...asdyua

s

SO0(3,1) = SL(2,C)/Z»

(0 arar = (0% )asachay..ay = ha(s)acs)

@ CHS fields in two-component spinor notation are complex & symmetric:

HS field

Values of (m,n)

L s 1
Generic ‘spin’ s = 5(m +n)
Bosonic spin-s

Fermionic spin-(s + 3)

(Ra@mya(n) Pa@myaim))

has)a(s) = ha(s)a(s)

(Ra(s+1)a(s)s ha(s)a(s+1))

(m,n) € Zy
(m,n) = (s,8)

(m,n)=(s+1,s)

@ Properties of CHS fields in two-component spinor notation

dehaimyan) = Viai(a18as...am)az...an) »

Kgghamyamn) =0,

@ Side note: one-to-one correspondence with traceless two row Young diagram

(hatmya(m)> Bamyaim))
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@ Free CHS action in 4D Minkowski space:
S ) =747 [ 4t Co0 ) )Gy () + e )

@ ‘Higher-spin Weyl’ tensors:

Cotmin) (W)= e, -+ 0a ™ h | 0 a4
C'a(m+n)(ﬁ)= 6(6,1‘31 . 8am’3’"}_z

C“'m-}»l‘--Olrn+n)6.1~~B7n

@ Gauge invariance:

5§éa(m+n) =0

O¢ha(m)a(n) = Olar(a18az...am)ds...dn) = { 5¢Coutminmy = 0

@ How to lift to curved space in a Weyl and gauge invariant way?

@ Hint: Curved-space model must reduce to (x) in flat-space limit



@ Restrict to conformally-flat backgrounds = [Va, Vb] =0
@ Minimally lifted HS Weyl tensors:

atmim (B) =V, . Vo, " h

>

o‘n+1~~an+m)61~~ﬁ.n

7). B Bm T,
Catmrn)(h) ==V, . Var, g o by fm
@ HS Weyl tensors are gauge invariant, primary & have correct Weyl weight

SeCatmin) = 0e€aimin) =0,  KgsCatmin= KgsCaimin) =0

. 1 - - 1 -
DQ:(X("L+7L) — (2 - i(m - n))Q:a("H»n) ) DQ:a(m+7L) — (2 + E(m - n))ea('nH»n)

@ The associated action is gauge invariant and primary:

St =1 [ @l @I W) () Fee s B S =0
@ Valid for all conformally-flat geometries: SMK & M.P. (2019)




Generalised CHS fields on conformally-flat backgrounds

@ ‘Generalised’ CHS field h")

a(m)a(n) With ‘depth I gauge transformations
@ _ . i
5§h‘a(m)c‘x(n) = Viai(ar " Ve gal+1--»am>dl+1u-dn> ) 1 <1 < min(m,n)
l—derivatives

@ Generalised HS Weyl tensors:

(D) .. ﬁn 1+17, (1)
€a(ern I+1)a(l-1) —V(al Ve, i+ han 142 Cmpn—141)B(n—1+1)é(l—1)

_ B Brm—1417, 1)
o v(al Vam’“rl ham,—z+2~~~0tm+n—z+1)B(m—l+1)0't(l—1)

0]
Q:a(m+n7l+1)o'¢(lfl)

@ They are primary in arbitrary background

oD

Kﬂ5€a(m+n—l+1)d(l 1) — K,@,Bea(m-&-n +1)a(l-1) — =0
@ Gauge invariant in conformally-flat background'

(D) _

5£¢a(m+n—z+1)a(z—1) =0, 55(’: (mA4n—I+1)&(l—1) — =0
@ Generalised action in conformally-flat space: SMK & M.P. (2019)
(m,n,l) _ . 4 m+n I+1)a(l—1) 32 (1)
SSkeleton =i" /d xeet ¢ a(m+n—I+1)a(l—1) +cc
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Conformal non-gauge fields
@ Introduce tensor fields (Xa(m)d(n): )Za(n)a(m)) with m > n > 0 satisfying

1
KggXammam =0, DXa@mam = (2= 50m = n))Xa@mam
@ From Xa(m)a(n) can construct the descendent
Bm—n
Fatmyam) () =V, ™+ Va,, ., Xa(n) B(m—n)Gm — 1. -em)
@ The descendent is primary in a generic background

1
KgpFamyamm)(x) =0, DFa(mya(m)(x) = (2+ i(m = 1)) Fa(n)a(m)(X)

@ Can in turn construct a primary action functional

S(m n)[ ] /d4$€xa(n>a( )]: (n)a(m)( ) +c.c. 5 6]]]) KS(m ™ = =0

@ Why non-gauge? Not compatible with usual HS gauge symmetry. Recall:

1

SMK, M.P. & E.S.N. Raptakis (2020)

6§ha(m)a(n) = v(al(d1£a2.4.am)d2“.an) e Dha(m)cx(n) = (2 -
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CHS models in Bach-flat backgrounds

Can we extend these CHS models to more general curved backgrounds?

Non-vanishing Weyl tensor: Cabed < (Ca(4), C’a(4))

[Vaa: V] = —(apCaprsM™ + Eaaé@msMﬁé)
7% (%[evﬁcaﬂ(sW + saﬁV“ﬁC‘dBSﬁ)Kﬂw

@ Problem: CHS gauge symmetry is broken
[VaVe] 20 = 8eSGiieten = O(O)
@ What are the necessary constraints on the curvature?

Conformal gravity EoM: Bay, =0 (Bach-flat)

C 1 C
By = DD Crapa + §R “Ceaba e Ba@)a@ = Ve Ve Cas2)

@ Conformally-flat limit: Bach-flat model must reduce to skeleton

(Naively) Sipd = SR+ S Tk, Cabed
——— —
Conformally-flat action Non-minimal action
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@ Conformal graviton properties

ha@a@ = ha@a@ > Otha@a@ = Viai(ai€as)as)
Kgsha@yae =0, Dha2)ya(z) =0
@ The skeleton sector is (m =n = 2)

Ssk = / Pze@® D, tec,  Caw) = Via, " Vashy i
@ The non-minimal sector is
Snm = / d*z e >4 {2CQB<3>VMV5%5M + VY Ch2)" P Vs hs2ya2)
+4V5aCo" PV hpyas + 2V 57 Cai2)* P V5 hpra2) — 2hp2)a(2)DeCaa)”
—2Ca(2)? @ Behs@)a) + 20856 Vs V5 Ca@)®® 4 2Ca@) TP CL0) P hs@)a)
+2Car(2)"Ca” P hp(a)ac2) + 2Ca(2)5(2)Cd<2>ﬁ(2)hﬁ<z>ﬁ'<2>} e

@ Non-minimal primary tensor field:  KgzJa(2)a(2)(h) =0
@ Their sum is gauge invariant on a Bach-flat background

Scus = Ssk + Snu 3¢ Scus |Bab:O =0



Example: Spin-2 maximal depth

@ Maximal depth spin-2 field is real with depth 2 gauge transformations

ha@a@ = Pa@a@ »  Ocha@a@) = Viar (@ Vag)ané
Kgsha)aez) =0, Dha(2)a2) = ha2)a(2)
@ The skeleton sector is (m=n=1=2)
_ 4 a(3)a& _ B
Ssk = /d ree® Ca3)a +CC Ca3)a = Viay ha2a3)d5
@ The non-minimal sector is
SNA\VI = —/d4ZE6Ca(2)6(2>ha(2)d<2>hﬁ(2>d(2) +c.c.
@ Their sum is gauge invariant on a Bach-flat background
Scas = Ssk + Snu 5§SCHS|B 0= 0 SMK & M.P. (2019)
ab=—
@ Gauge invariant model on Einstein backgrounds:
1
dchay = (DaDy — ZnabD)ﬁ M. Beccaria & A. Tseytlin (2015)
@ Correct gauge transformations (after degauging)
R 1 1 1
ba=0 = dchar = (DuDs — S Rav)€ = Jas (0 = GR)E
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The plot thickens: Enter, lower-spin couplings

Spin-3 story so far (incomplete):

@ Quadratic spin-3 action with gauge invariance to second order in curvature
o [h?,01 = Ssk[h®, C°)+ Sxmlh®,C'] - 80 Sgns” = O(C?)
T. Nutma & M. Taronna (2014)

Geometric construction of primary spin-3 descendent (linear in curvature)
R. Manvelyan & G. Poghosyan (2018)

@ Conjectured necessity of (spin-3)—(spin-1) coupling for full gauge invariance

S Al = Ssslh]  +  Swilh,A] 4+ Sul4]
N—— N—_—— N——

Pure spin-3 Spin 1-3 coupling Pure spin-1

M. Grigoriev & A. Tseytlin (2016)

@ Explicit calculation of spin 1—3 mixing terms (exact)
M. Beccaria & A. Tseytlin (2017)
Missing: — 2"% & 3"¢ order curvature corrections to pure spin-3 sector
— Relative coefficient between spin-1 and spin-3 sectors
— Other lower-spin fields?
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@ Maximal depth spin-3 field is real with depth 3 gauge transformations

ha)a3) = ha@a@ s ha@a@) = Ve (e Vasds Vag)as)E
Kgsha@ae) =0, Dha3)a@) = ha@)as)

@ The skeleton sector is (m =n =1=3)

azagag)a(2)B

SSK = — /d4x€€a(4)d(2)€a(4)d(2) +c.c., Q:a(4)d(2) = V(alﬁh

@ The non-minimal sector is

SNM = 2/d4m6h’ya(Q)d@)Ca(z)B(z)hﬁ(z),yd(g) + c.c.

@ Sum is gauge invariant on a Bach-flat background only to first order in Cypea

O¢ (SSK + SNM) |Bab=0 = (’)(02)



@ Solution: Introduce ‘lower-spin’ non-gauge fields to kill (’)(C’z) terms
Xa(3)a : SeXa@a = Ca@)’ Vet — 2VaCas) €
Pa(a) * depa(a) = Caé
@ Couple lower-spin fields to spin-3 field:
Scus = Ssk +SNM + Shx +She  + Sxx + Ses
N——— —— ———

pure spin-3 sector  Jower-spin coupling  lower-spin kinetic
Shy = ? /d4:ceho‘(3)d(3)c_’d(3>ﬁxa(3)3 + c.c.
She =—§ /d4$6ha(3)d(3){Ca(3)ﬁvﬁg‘¢d(3)é - 3V5[;Ca(3)5g5d(3)5} +c.c.
Syx = g/d4xexa(3)d‘vadvad)2ad(3) +c.c.

4 & « @ et o
S<P<,5 :—g/d4we<ﬁ (4)Vd V&' Va"Va Pa(4) + c.c.

@ Combined action is primary and gauge invariant on Bach-flat background
Sr,pScus = 0 S Scms| =0 SMK & M.P. (2019)



@ Maximal depth spin-5/2 (Ya(3)a(2)s Ya(2)a(3)) field has the properties
nVa@)a@) = Via(ar Yasas)Aas)
Kggtba@ae =0, Da(3yace) = %?ﬁa(s)a(a)
@ The skeleton sector is composed of the two generalised Weyl tensors
Ssk = i/d4w 6@0(4)‘5‘(1/1)éa(4)a(1ﬁ) +cec.,

Cawa(®) = Vi Vagagopas»  Cawal®) = Vo Vo "Poyaase
@ The non-minimal sector is

Sng i / e ¢a(3>a(2){ Z Cot” V* Bgi2ys02) — V7 Caten™ B

= 3Ca(2>’*<2>va%ﬁ(2)3d(2)} +ec.
@ Sum is gauge invariant on a Bach-flat background only to first order in Cyped
6x(Ssk + Sxm) |Bay=0 = O(C?)



@ Introduce lower-spin non-gauge fields to kill O(C?) terms

Xa(2)é SxXa@a = Ca@ @ Vaars — VaaCar P A
Pa(s) : Sepa(m) = Ca@ Ao
@ Couple lower-spin fields to spin-(5/2) field:
S = Ssk+ 5 + Sgy+Sue + Sxx+ Ses
CHS SK NM DX Y@ XX Y]
pure spin-(5/2) sector lower-spin coupling lower-spin kinetic
Sy :——1/d4xewa(2)a( )Cy “(3) Xa(2)ﬁ +c.c.

17, a(3)a
24 /d4a: " (3) (2){C (3)’8Vﬁ ‘Pa(2),8_2vﬁ 00(3) 4,0(1(3)[3}4‘00.

&
i
Il

37, a(2)do &
Sxx = 48 /d4xex @y, Xaa(2) + C.C.

Sps = Ei/d4we¢d(3)vdavdavcyacpa(3) + c.c.

@ Combined action is primary and gauge invariant on Bach-flat background
Sx,pScus =0 b Scms| im0 =0 SMK & M.P. (2019)



Conformal pseudo-graviton (hook field)

What about minimal depth (aka usual) gauge fields?

Conformal pseudo-graviton has similar properties as conformal graviton

6517‘04(3)@ :v(aldgazﬂs)
Kgshaa =0, Dhe(zya =0

@ Also known as conformal hook field

0= habc + hbca + hcab
(ha@)a, Pa@)a) — 0 = habe + hvac —
0= habb E—

@ Two-derivative models in M*:
T. Curtright & P. Freund (1980) and T. Curtright (1985)
@ Four-derivative non-conformal models in M% and AdSg:
E. Joung & K. Mkrtchyan (2016)

@ Extra gauge symmetry (incompatible with conformal symmetry):
_ B
50”[‘0‘(3)‘5‘ - 8(041 gagag)dﬁ
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Conformal pseudo-graviton (hook field)

@ The skeleton and non-minimal sectors are

I Cot) = Via, "k :
Ssk = /d4me€a(4>€a(4) +c.c., co® ( 13 ‘120‘36"‘4)5 bt
Ca@) = Via; "' Vas Va3 "y ) 53

, 1 « a . . . .

S = —3 /d4:ceh ® {5ca(3)”vﬁvﬁﬁhw(2)d — 6V, Ca(2) Vo hyg)a
+ V. Cai3) "V hgg00a — AVIV Cat) " Pgpara — 2Ca®)” Ca) hgpes)
+ ZV‘SBCa(g)BV,;BBﬁB(Q)d + GCa(g)”@)VﬁVfBadB@)} + c.c.

@ Gauge variation is of second order: O¢ (SSK + SNM) = (9(02)
@ Couple to lower-spin field (xa(2), Xa(2)) With dexa) = (/‘(,@)“3(2)53(2)

Sy = _2/d4weha(3)d{ca(3)’yv’yﬁ>—<5d _ Vqﬁca(s)’Y)_(Bd} +c.c.,

Syx = /d4x e;zd(”vdavdaxm) +c.c.
@ The total action is primary and gauge invariant on Bach-flat background
Scus = Ssk + Snm + Shx + Sxx » O0r,pScus = 6¢Scus =0

SMK, M.P. & E.S.N. Raptakis (2020)
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@ SMK, R. Manvelyan & S. Theisen (2017): N = 1 SCHS models in M*/*
@ Pseudo-graviton supermultiplet Y2y primary weight -2 superfield
deaTa@) = ViaiCas) + Aac2) > ?B)\a(z) =0
® At component level To2)(0,8) = 0°0° 1, ) 15 + 0202\ 00) + -
Schama = Viarabazas) s 96Xa@ = Ca”Pés)

@ Again: Skeleton 4+ non-minimal sector is gauge invariant to second order

Syt = Ssk[T, Y]+ Sxu (Y, T, Wap ], SeaSrelp, o = OW?)
o Kill (’)(Wz) terms via coupling to LS chiral superfield Qq: §xQq = WQB(Q)/\[;@)

Sscus = Sry + Sva + Soa = 5CASSCHS’BM-¥=0 =0

@ Outcome: Can extract non-supersymmetric gauge invariant model for hq(3)a

Sscus = Sp,;, + Sy + Syx + -+ SMEK, M.P. & E.S.N. Raptakis (2020)



Recipe for conformal spin-3 model

Can deduce minimal ingredients for gauge invariant conformal spin-3 model using
supersymmetric arguments: SMK, M.P. & E.S.N. Raptakis (2020)

@ Assume existence of superconformal gauge model for superfield H . (2)4(2)

@ Spin-3 supermultiplet /1, (2)s(2) real primary superfield with weight -2
ScHa2)a2) = ViarCa@)as) — ViarCan)a(2)
@ Component level: Contains both and spin-2 conformal fields
H o 2)a(2) (0, 9) = 9'398 + 92§2h“(2)4-y(2> + (fermionic fields)

@ Their gauge transformations are entangled ( = coupled in action )

6E}L0(2)d(2) = V(as(a18a2)a2) T +c.c.
@ Experience suggests that gauge invariance of 77, (2)4(2) model requires

Lower-spin supermultiplets: & H
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Recipe for conformal spin-3 model

@ Spin-3 H(2)a(2) and spin-2 H,e supermultiplets are entangled
(5<Haa = ?('xCa + I’l’ru 3(2><3(2)n + c.c.
@ Component level: H,s contains both spin-2 and spin-1 conformal fields

Hau(0,0) = Hﬂe_éh,ﬁa@-d 4 6°0%hos + (fermionic fields)

@ Spin-2 and spin-1 fields become entangled with field
deha(s)a3) = V(ai(a1€az)as) T +c.c.
Ochasa = Vaa€ + + c.c.

@ Outcome: Gauge invariant model for conformal spin-3 must take the form
Sspin,g, = S33 + Soo + S11 4+ Soz + Si13+ -+ SMK, M.P. & E. Raptakis (2020)
@ Conjectured by Grigoriev & Tseytlin, Spin-2 coupling is new

@ Can repeat supersymmetric argument for any fixed spin sg > 3 with outcome:

Sspin-sy = Z Ss,s + Z Z Sssr e (Truncated Tower Vs < so)

s=1ls/<s
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The bottom up approach:

ol CHS models in
< CHict.ion < conformally-flat
backgrounds
< < Lower-.Spin A
couplings
P Non-minimal P Conformal
h counter terms A calculus

@ Possible future directions:

A

Obstructions

— Spin-3 CHS model to all orders in background curvature

— Supersymmetric extensions

— Compute anomaly contributions

— Top down approach for fermion CHS fields




