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Pan’s Plan:

Part 1: Vasiliev Theory: What is it good tor?

Part 2: Vasiliev Theory: How does it work”



In this talk we will focus on the bulk physics:

2d CFT:

gauge fields: WnN - minimal model

¢mn7 ¢mnr R

one complex scalar:

¢

one parameter family:

|
A=3

|Gaberdiel, Gopakumar]



basic open questions in the bulk:

action?

degree of locality”?

spectrum?

guantization”?

how to extract interactions?



Part 1:

Vasiliev Theory: What is it good
for®?



Free Theory on AdS-background:

[Fronsdal '78]

gauge symmetry: 6¢m(s) — vmé.m(s—l)
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Example: S

But thisis Rl —= 0




Can one construct fully non-

inear equations of motion for
HS fields”?



Vasiliev can !

higher spin particles? & Him



¢m(s) — vmvn¢nm(s—l) T :]m(s)({¢})

Vasiliev Equations

We cranked the handle up to second order Iin perturbations
around AdS.




The result for spin 2:
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Dhans) oo ‘qﬁqb — (al,kvm(s_k)n(/) qbvm(k)”(’)gb - traces)
. k=0 I=0 4

aj k # 0

for generic value of |

‘pseudo-local”

Restrict to scalar sector
(independently conserved)



Metsaev [2006]: Up to field redefinitions the spin-s current
iInvolving two scalars contains only s derivatives.

S

Pm(s) + - - - ‘cbcb — Z (kam(s_k)gme(k)qb + traces)
k=0

Can also b determined from
symmetry arguments

[P.K, G. Lucena Gomez, E.Skvortsov, M. Taronna]




Construct a field redefinition to relate the two results:

traces)
k=0 |=0

0V 0n0 V"6 )

"

Von(s—kn() PV " b

redefinition of ¢m(s)

[
with #V < s+1 > #1Vm(s—ign()® V(" &

I=0

CLV m(s—k) PV m() @



So in total we get:

divergent!

; m(s—k) ¢vm(k) ¢ -+ traces



Pm(s) T = Jml(s)

Theorem: Any source term jm(s) can be removed by a
pseudo-local field redefinition.

[Prokushkin, Vasiliev '00]
[P.K, G. Lucena Gomez, E.Skvortsov, M. Taronna]



Idea: Use AdS/CFT as a consistency check

—m?)® + U(0 - M)T — gyP*T — q,(0D)*T +...

\I!—)\Il+%a.<1>2

—m?)® 4+ v(0-M)T — (ao + %a.(Zmz — M’)) W 4, ..

= (05050y) is left invariant.

CFT

[Freedman, Mathur, Matusis, Rastelli '98]



3pt calculation using source term before and atter field
redefinition leads to the same result.

¢m(s) T+ = Z Z (Gl,kvm(s_k)n(,)¢Vm(k)n(l)¢ + traces)

k=0 I=0

S O

Pm(s) + - = (C/ a1k Vm(s—k) PV m) @ + traces)
k=0 I=0




But this Is puzzling:

Pm(s) + = Jm(s) (D5 D) DIVERGES!

 (Dm(s)s &) FINITE!

[Ammon, Kraus, Perimutter]
[Giombi, Yin]




Summary of Part 1:

* Extraction of Jm(s) to second order in
perturbations around AdS.

e (Criterion for allowed field redefinitions is found.

e 3pt function calculated from gauge fields diverges.



Part 2:

Vasiliev Theory: How does it work”



Step1: Linearised Equations



Ya¥g = ¥YBYa
obeying: = |
v Yo = Ya®

ya OZE{O,I}

—
—: 0

Star product:
—~
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(Fxg)(y) = fly) 0" 05 gy)

Rep of AdS isometry algebra: Lag ~ Yy *Ys)  Pag = plag

:LOéB7 LO&’ﬁ’]* — 6040/’-55’ _I_ « ..
:L@57Pa/5’]* — eaa’Pﬁﬁf _|_ « ..
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AdS - background:

Q=@ Lag + € Pag ~ (@ + ) y(a * yp)

Obeying the equation of motion:

df) —QAx) =0

Metric Is obtained from:

_ —afB=
mn ~ e eaﬁn



A natural generalisation to HS case:

Q — Z (Cda(zs) _|_ SOeO«f(ZS)> y(Oz| N *yOéZs)

Obeying the equation of motion:

Dol =dQ—QAxQL—QAxQ =0

DoF := dF — Q AF+ (—1)FIF A %6
= VF—eAxF+ (=D)FIF A xe

Gauge symmetry:



Spin s field is obtained by

o (2s) = _
¢m<5) — em( )em 870 em oY

Dol =0

Fronsdal equation:

Solve torsion S ———
contraint Om(s) + - =0

w = w(e)




Scalar field

ads® = m*

Has to be rewritten in “unfolded” form:

VC—eAxC—-—CAxe =0

C(Y)ZECQ@))'O"*'--*)'O‘S * Cly=0)=¢

Ca(s) ~ (€h0)°0



DaC# VC—eANxC—CAxe=0

l B=Cy with Yo = — Y 2 = |

DB = Dg (Cib) = (VC)ib — & A %Cib + Cip A *8

= (VC—eN*xC—CAxe)) =0

6 ~ P
e Yax¥p “Twisted adjoint representation”



Summary of free equations:

D2 = 0 50 = Do &
DaoB =0 oB=0

There Is a natural generalisation:
B = Cy B=Cy+ C™

Q=w+ ™

In fact Vasiliev equations require these
additional twisted fields



Twisted fields can be consistently be set to

zero up to 2nd order perturbations around
AdS.



Step 2: Non-linear equations (= Vasiliev equations)




More formalism:

Additional variable z, commutes with Ya, ®, ¥

—
(07

(fxg)(y,z) = fly,z)e Oyt 02)al0y=92)%g(y 7)

e.g. Za*fly) = (za +i0))f(y)



All fields depend on all variables:

B(y, 1, ©) B(z,y,, ¢)

Qy, ¥, p)

Oz, y,1, )



Vasiliev equations:

DQQ = () /\*Q
DaoB = [W, Q).
Q) =
OB =



First equation is then evaluated at z=0:

Do) = F(Q, B)

zo % fly) = (zo +i0%)f(y)

Z encodes interaction!



Possible subtle points:

e metric-like > frame-like

¢m (s) — e;);

e Schwinger-Fock gauge:

&(z,y) - &(y)




Conclusions

* We extracted interactions from Vasiliev equations up
to 2nd order around AdS.

* We could clarity:
* Twisted fields decouple to this order
e cubic action by symmetry
e class of allowed field redefinitions

 New puzzle: Divergences in 3pt function

N7,



Questicms?



