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Conformal Higher Spin (CHS) Gravity:
A. Higher spin analog of Conformal Gravity

B. Theory of interacting conformal higher spin fields

1. What is CHS Gravity, more precisely?
2. Why CHS Gravity is interesting for me (and for you)?

3. Some news on CHS Gravity



What is CHS Gravity?

A. Higher spin analog of Conformal Gravity
e Conformal Gravity in even d dim
(1) Made by Weyl tensor: ex. (Weyl tensorn”2 in d=4
(2) Gauge Symmetry: Diffeo + Weyl
(3) Global Symmetry: Conformal Group SO(2,d)

(4) (Holographic) Weyl Anomaly (even d)



A. Higher spin analog of Conformal Gravity
Fradkin, Linetsky, Tseytlin, ...

(1) Spin s Weyl tensor:

e s derivative of rank s field

e traceless (s,s) Young diagram 2

e Form a multiplet under HS gauge symmetry

e HS gauge symmetry?



A. Higher spin analog of Conformal Gravity
(2) Gauge Symmetry: HS gauge (diffeo) + HS Wey!
e HS gauge symmetry
e Gauge symmetry of HS Gravity?
e Spin s symmetry generated by rank s-1 tensor
e HS Weyl symmetry

e Spin s symmetry generated by rank s-2 tensor



A. Higher spin analog of Conformal Gravity

(2) Gauge Symmetry: HS gauge (diffeo) + HS Wey!
e |inearization

hs ~ hg + 858—1 +1N0s—2



A. Higher spin analog of Conformal Gravity

(3) Global Symmetry
e HS conformal Killing 0&,_1 +nos_9=0
e HS analog of conformal symmetry algebra so(2,d)
= HSA(2,d)

**» HSA(2,d-1): HS analog of isometry algebra so(2,d-1)

Fradkin, Vasiliev, ...



A. Higher spin analog of Conformal Gravity
(4) (Holographic) Weyl Anomaly
e From Bulk  segal; Bekaert, EJ, Mourad, ...
e HS Gravity in D=d+1 dimensional bulk (AdS)
e Anomaly of radial direction diffeomorphism
e Match of Global Symmetries

* Anomaly of radial direction HS gauge symmetry?



A. Higher spin analog of Conformal Gravity

(4) (Holographic) Weyl Anomaly

e From Bou ndary Bonora, Cvitan, Dominis Prester,

Segal; Bekaert, EJ, Mourad; Ponomarev Giaccari, Lima de Souza, Stemberga

e d-dim CFT dual of D-dim HS Gravity
e Fortype A, B, C: it’s free scalar, spinor, vector!

e Anomaly of Weyl symmetry



Why CHS Gravity is
interesting?

e Action principle as Weyl anomaly of free CFT
e Metric formulation
(and also unfolded and twistor formulation)

Vasiliev, Shaynkman Adamo, Hahnel, McLoughlin

e All interaction vertices are local



B. Theory of interacting conformal higher spin fields

 Free conformal spin s field (Fradkin-Tseytlin field)

hs ~ hg _I_afs—l +N0s5_2

e Conformal Killing tensor
0&—1+n05_2=0

e Equation invariant under linearized gauge symmetry

d—4
P, O 2 hy =0

Fradkin, Tseytlin, Vasiliev, Metsaey, ...



B. Theory of interacting conformal higher spin fields

* Free conformal spin s field (Fradkin-Tseytlin field)
XS(2-s1(s)) — XV(@2—s:(s)) ~ XV(1=s3(s—1)) T XD(1—s:(s—1))
e Conformal Killing tensor
XD(1-5;(s-1))
 Equation invariant under linearized gauge symmetry

XD(s+d—2;(s)) — XV(s+d—2;(s)) ~ XV(s+d—1;(s—1))

Shaynkman, Tipunin, Vasiliev; Bekaert, Beccaria, Tseytlin



B. Theory of interacting conformal higher spin fields

e On-shell free conformal spin s field

XD(2;(s,5)) — XS(2—s;(s)) — XD(s+d—2;(s))

= XD(1-s;(s—1)) TXV(2-s;(s)) XV (1—s5(s—1)

_XV(s—I—d—Q;(S)) +XV(S+CZ—1;(S—1))



B. Theory of interacting conformal higher spin fields

e On-shell free conformal spin s field

XD(2i(s,5)) = XD(1-s(s—1)) TXV(2—s53(5) “ XV (1—s3(51))

—Xy(5+d_2;(s))_I_XV(erd—l;(S—l))

XD(s+d—2;(5)) — XV(s+d—2;(s)) — XV(s+d—1;(s—1))



B. Theory of interacting conformal higher spin fields

e On-shell free conformal spin s field

XD(2i(s,5)) = XD(1—s(s—1) T XV(2—s3(5) ~ XV (1—si(5-1))
_XV(s—I—d—Q;(s))+XV(s+d—1;(s—1))

—1

XV(Ajy)(q 733) — (_1)d XV(d_A,Y)(CLw)

—1

d
Xy(g_s;(s))(qaw) — Xv(l_s;(s_l))(Q7w) = (—) XD(S+d_2;(S))(q , )



B. Theory of interacting conformal higher spin fields

e On-shell free conformal spin s field

In even dimension d

—1

XD(2i(5.5) (D ®) = Xp(1-5i(5-1)) D ®) + Xp(s 254+ @)

o XD(s+d—2;(s))(q, )
Bekaert, Beccaria, Tseytlin

** PF of CHS = PF of HS Neumann - PF of HS Diricheit

Giombi, Klebanov, Pufu, Safidi, Tarnopolsky



Partition Function of CHS Gravity

Z XD(Q (s,s) Z XD(I s;(s—1 )
g | ZXP(8+d—2;(S))(q_ Z)H Z XD (std—2:(s) (D T)
s=0 s=0

e Flato-Fronsdal
(XR&C ) ZXD(S—I—d 2:(9)) )

— d
XRac(q 1733) — (_1) i XRac(%a})



Partition Function of CHS Gravity

Z:O XD(2:(s,8)) — 2—:1 XD(1—s;(s—1))

e Partition Function of Linearized Fields (1-Loop PF)

e Partition Function of Symmetry Generators



Partition Function of CHS Gravity

Z:O XD(2:(s,8)) — 2—:1 XD(1—s;(s—1))

* Remarks
* Divergent series
 Converge only as a distribution

* PF: chemical potential as a natural regulator



Why CHS Gravity is
interesting?

e \ery special scattering amplitudes

e Zero scattering of external conformal scalars
Joung, Nakach, Tseytlin

e /ero scattering of conformal spin 1 and 2

Beccaria, Nakach, Tseytlin

e \ery special partition function

e Zero Casimir energy and a-anomaly
Giombi, Klebanov, Pufu, Safidi, Tarnopolsky, Tseytlin

e Linearized spectrum = Symmetry Algebra



Higher Order
Extension



Type-A¢ HS Gravity

Bekaert, Grigoriev; Brust, Hinterbichler

AdS dual of ¢ [0 &

PM fields of spin s and depth t=1,3,...,2¢-1

Type-A¢ HSA: generated by r
r-1

e Any d HSA with sp2 projector to 2¢-1 dim rep

Any d Vasiliev equation with sp2 projector to 2¢-1 dim rep



Type-A¢ HS Algebra

Alkalaev, Grigoriev; EJ, Mkrtchyan

e Howe duality

e S02,d): Mab = Yaa ¥™b
* Sp2):  Kap = Yo Yp
e [Jype-AA
e Quotient: % af * K ~ (1 =XM1+ )\

e Type-A1/2 HSA(2,d): Subalgebra of Type-A HSA(2,d+1)



Type-A¢ HS Algebra

o [ype-A¢
e Type-A4 has an ideal when A=¢

* Quotient: Ky 0y * K qgay * - * K

Qop_1agp) 0
e Projector:

1 1 d—4 3 1 0
DA:NA/ drzz (1 —x) 2 oF) (1+)\,1—)\;§31 >€_ VEY Y-
0 — X

~ (=)MIr(d+1)
24T (5 - V(5 + )




Type-A¢ HS Algebra

e Type-A¢

e has anideal { (r,2n) | r>n+¢-d/2 }

e Finite dim algebra as coset (ex. ¢-d/2=3)

0 (B (@B

(P oo (T

e Endomorphism of ¢ - d/2




Type-A¢ CHS Gravity

e Conformal fields of spin s and depth t=1, 3, ..., 2¢-1

* Gauge symmetry:  §:,hl? = 0" & +nos_o

* Weyltensor: C{")_, ; =Py "ot pl  ~ ;

so(1,d—1) s—t+4+1

d—

e Action: —t+1 d, . ~() a-2 ~(t)
SFT(t) [hfst)] — (_1)8 M 4z Cs,s—t—l—l 2 CS,s—t—l—l
d

d—2
:/ d% hét) ]P):;tT S_t+Thgt>
Mgy

e Special conformal fields: 1+s <'t < s+(d-2)/2 Metsaey



Type-A¢ CHS Gravity

e Partially conserved currents (k=1,...,{)  Brust, Hinterbichler

J2k—1) @88 E—k¢_|_ L
S
* Not (partially-)conserved for t=2k-1>s+1

e Foré<d/4

e Basis for single trace operator with A=s+d-2k

2k—1 2k-+1 V 7(2k+20—1
{JE=0, 0080 0,0 J '}

S




Type-A¢ CHS Gravity

e For/ >d/4, “Extension” Brust, Hinterbichler

e Degeneracy (both primary and descendent)

(2k—1) E'—k 7(2k’—1) ) d /
JS X JS k+k =s+ 5 k<k
e New generator (neither primary nor descendent) j é%—l)
A A
d—2 JZED -2
d J§2kz’—1) d ‘x
2 \g,—)f
d—2¢ |}
> S Y S




Type-A¢ CHS Gravity

e For¢>d/4, “Extension”

 Two point fn of current operators

<J§2k’—1)(x) j§2k_1)(0)> x 778 Lo IO%

, 5 5(d)
’$‘d+€ | e~0 € ' (ZB)

e Quadratic Lagrangian of CHS Gravity

~ [ /
hé2k—1)( s+ 2k )h(% 1) _I_h(% 1) h(2k —1)

 Both fields are absent in the on-shell spectrum



Type-A¢ CHS Gravity

* PF of linearized fields = PF of symmetry generators

e Foré¢<d/4

20—1 t—1

2

t=1,3,... Ls=0

@)

20—1 oo

Z XD(14t—s:(s)) T Z XD(2i(s,5—t+1)) | — y: y: XD(1—s;(s—1))

s=t t=1,3,... s=t

e Ford/d< ¢ <d/2

t—1

2

s=max{0, #—I—K}

XD(14t—s3(s)) T > XD (2:(s,5—t+1))

s=t

20—1 oo

= S: S:XD(l—s;(s—t))

t=1,3,... s=t




Type-A¢ CHS Gravity

e A few more remarks
e ¢=>d/2
e [ype-B¢

e Double trace deformation

[t (60t g g )
Mq s,k’ |



Branching Rule



Branching Rule

e Decomposition of CHS field into PM fields
e Around AdS baCkground Metsaev; Nutma, Taronna; EJ, Mkrtchyan
 Bach flat background Kuzenko, Ponds

® ngher depth CHS fields Grigoriev, Hancharuk

d—4
50(2,d) oty

D(2;(s,s —t+1)) \J @ @ S(1+7—o0;(0))®D(c+d—71—2;(0))

s0(2,d—1) o=s—t+1 T=0—s+t



Why CHS Gravity is
interesting?



Why CHSG is interesting?

e Relation to HS Gravity

e Conformal spin s field around AdS: partially massless
spin s and depth 1, 2, ... ,s+(d-4)/2

e Reduction to d-dim (not (d+1)-dim) HS Gravity?

e Maybe, HSG with Type-At1/2 HSA(2,d)



Why CHS Gravity is
interesting?

e Action principle as Weyl anomaly of free CFT

e Metric formulation (and also unfolded and twistor
formulation)

e All interaction vertices are local



Why CHS Gravity is
interesting?

e \ery special scattering amplitudes
e /ero scattering of external conformal scalars
e /ero scattering of conformal spin 1 and 2

e \ery special partition function
e Zero Casimir energy and a-anomaly

e Linearized spectrum = Symmetry Algebra



