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Only solution is g = 0; no-go for spin-3 long-range forces

This talk: derive and analyze equivalent constraints in de Sitter space. 1
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Using a very weak version of the dS/CFT correspondence

Import standard CFT technology to “on-shell boostrap” bulk interactions
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reflection positive

Classified long-ago

Symmetric traceless spin-s tensors,  m?L%. = A(d — A) + (s —2)(d + 5 — 2)
- Principal Series (heavy spinning fields) A= % +iv, veR.
- Complementary Series (light spinning fields) 1T<A<d-1

- Exceptional Series: (symmetric tensor gauge fields)
A=d—1+t,  t=0,1,..,5—1
depth
Fort < s — 1, these fields are called partially massless and have no analogue in
either Minkowski or AdS.

Main problem: are there consistent interacting theories for partially massless fields?
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Charge Conservation Constraints

Derive bounds using strategy introduced in

Charge operator: Of?‘t')"” Z] = ?{ dSy,8y,...0 SPGB
o =

Ovs—t=17(s,1)

(QE] O1(x1)--On(Xn)) = D _{O1(x1)--- [Q, O4(X))] --On(¥n)) = 0.
i=1
QO] ~ > ¢ %o, (X0,0) ~ ¢
J local operator

Gives a (quadratic) sum rule on cubic couplings

Z [cﬂa#“ ((910203) + CQ,'a#Zf (O10,‘O3> + C3,‘8#3’ <O1020;>] =0. 6
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Example 1: spin-1 current X; ) with scalar matter O; i =1,2,3

A123
(0.0 1001 = 90, (O1X)O2(0)0506)) = w55 p—a v A
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i

([Qur,0), 010,03]) =0 = (q1+ G2 + q3) (O1(x1) O2(x2) O3(x3)) = 0.
If X253 # 0 then must have g + g, + g3 = 0: electric charge conservation.
Example 2: spin-2 depth-1 current X, 1) with scalar matter O; i =1,2,3

[l 1), Oi(0)] = i0*Oi(x).

([QGy, 010203]) =0 = (k0] + 1205 + 1305) (O1(x1)Oa(x2) O3(x3)) = 0.

If \23 # 0 then must have k1 = k, = w3: Einstein equivalence principle.
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Un-Familiar Examples

As a warm-up, partially massless electrodynamics {Xs ), O}
o s,
Xs,t) Xis,t)
(@] X(s,0)

[Qgs, 1 X(s,5] = 0.

Straightforward to generalize to arbitrary spin-s and depth-t, ex.

s—t—1

st 1
C(D;‘S V(7. 8t + 03 )(z.ag)f) (Xs.pQ0) =0,  seven, todd.

No-go for partially massless electrodynamics.

Generalizes previous no-go theorem fors —t =3
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Coupling to Einstein Gravity

Gravity couples to everything universally

Xs,0

[PH, O(x)] = 8+ O(x), for all local operators O(x)

0:Qspl =(s—=MQsy, D= y{dSuXuT“” 2L Qe T D Xsn(X)

Current algebra reciprocity
([Qes, 05 T X(s,0) = ([Qqs,)> T X(s,0) (T [Qs, 095 Xs,9]) = 0, = [Qs,0)5 X5, (¥)] D T(X),

Conformal + PM symmetry must combine into a larger higher-spin algebra.
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Algorithm

1. Assume an initial spectrum of operators {7 1y, X(s 1y, ---}
2. Construct the most general possible current algebra
[Qes,5, Tl = - [Qs,0, X(s,n] = -
3. Construct the most general conformally invariant 3-point functions
(TenTenTen) (TenXe,0X@,0)s -
4. Write down the charge conservation constraints

([Qes,t) X(s,0%(s,0%Xs,0]) = {[Qs, 0, X5, Tey Tey]) = - =0,
and then try to solve them simultaneously.

5. If there is no solution, then a model with the assumed spectrum is rigorously
excluded. Can then try to enlarge the initial spectrum and start again at step 1.

n
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Results: Graviton + PM Spin-3

Assume that the bulk contains a graviton and a PM spin-3 depth-0:

[0(3'0)7)((3,0)} ~ C182X(1’0) + CQ@T(QJ) + C3X(3’2) + C/,@X([,J) + 6582)((5’0)
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[Q6,0, Ta,n] ~ €98* X2, —1) + C108°X(3,0) + C11&X(a1)-

We analyzed the constraints in d = 3, 4,5,6,7 (dSg,1):
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Assume that the bulk contains a graviton and a PM spin-3 depth-0:

[0(3,0)7)((3,0)} ~ C182X(1’0) + CQ@T(QJ) + C3X(3’2) + C/,@X([,J) + C582X(5’0)
+ C663X(2’71) + C784X(3’72) + C883X(4’71),

[Qi.0) Ta,n] ~ 00" Xz, —1) + C0X(3,0) + N X(a,1)-
We analyzed the constraints in d = 3, 4,5,6,7 (dSg,1):

- No go for minimal theory {X(3,0), T(2,)} in all d.

- Ind > 4 the simplest consistent solution requires

{Tey:Xe0r & Xe—nXant

How do we know these remain consistent solutions when we impose more constraints?
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Non-Unitary Large-N Vector CFTs

Top-down approach: try to directly construct a CFT with partially conserved currents.

Zoo of non-unitary free U(N) vector CFTs:

sW = XN:/ddx ¢i0F ¢a, s — XN:/ddx DO P
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Consistent solution to our constraints d =5and d > 7. In d = 3 spectrum contains an
operator that is neither primary nor descendant.
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Top-down approach: try to directly construct a CFT with partially conserved currents.

Zoo of non-unitary free U(N) vector CFTs:

N N
S0, => [axalion, S =3 [axT0 B,
a=1 a=1

d¢pa = O pa, tpa = O 2Fij.
Simplest example: 0% CFT (k = 2)
X0,—1)> X1,0)> T(2,1)» X3,2)s - X(0,-3)» X(1,—2)» X@2,—1)» X(3,0)> X(&,1)s -+~

massless tower partially-massless tower

Consistent solution to our constraints d =5and d > 7. In d = 3 spectrum contains an
operator that is neither primary nor descendant.

Unitary for k = 1, HS/CFT duality

Free bosonic/fermionic (unitary) U(N) vector CFTy — Type-A/B Vasiliev HS theory in AdS,,

these are the only* consistent HS CFTs
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Non-Unitary Large-N Vector CFTs

Top-down approach: try to directly construct a CFT with partially conserved currents.

Zoo of non-unitary free U(N) vector CFTs:

sW = XN:/ddx ¢i0F ¢a, s — XN:/ddx DO P
a=1 a=1
S¢a = 0F e, Spa = 0" 2P
Simplest example: 0% CFT (k = 2)
X0, X005 T2)s X@,2) -+ X0,-3)s X(1,-2)> X2,=1)> X@3,0)5 X(a1)s -
massless tower partially-massless tower

Consistent solution to our constraints d =5and d > 7. In d = 3 spectrum contains an
operator that is neither primary nor descendant.

Unitary for k = 1, HS/CFT duality
Free bosonic/fermionic (unitary) U(N) vector CFTy — Type-A/B Vasiliev HS theory in AdS,,
these are the only* consistent HS CFTs

Million won question: are the bulk duals of the non-unitary k > 1 models the only

consistent PM theories in de Sitter?
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1
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(A)dS Higgs Mechanism

A no-go theorem is only as strong as it's assumptions:

M As — Xf‘;'t‘)'“s, Ay, ...8%7[)(;‘;%’)‘“5 =0.

(Counter-)example:
1
SO /dd“X\/—Q B VAV, 51 = <VAVB + L29A5> @%
ds

Gauge invariantif [Aq— Ayl =1 or [A1+ A, —d|=1 (d=3, m{=mj=2)

2 d+1
0By (X5, 0109) ox (81 + A, — d)? —1) /d g/ =K gp1Ka, Ka,

~ [(A1+485 —d+1)
x (01071)(0,07).

Bulk gauge invariance broken by boundary conditions

O, O, 8H 61/ X"L

(270) x 00,

double-trace

PM gauge symmetry Higgsed at one-loop . 16
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Conformal Gravity

This subtlety is important to understanding conformal gravity.

SZ/dAX\/fgCABCDCABCD.

Expand fluctuations around de Sitter background

ds)
gag = QE\B + 698, 098 — has @ D
~~ ~~
massless spin-2 PM spin-2

This should be a consistent solution to our constraints in d = 3, why don’t we find it?

X(2,0) w .
WIXooy = 9:X0)uX20)
2 2 2 2
Standard quantization boundary conditions break PM gauge symmetry.
PM spin-2 gains mass correction at one-loop, Ax =2+ O (1).
X@2,0) X@2,0)
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under-
standing

t t
(tree level) tree level nonperturbative
(some loops)

Basic problem: classify consistent gauge theories in maximally symmetric spacetimes.

Yang-Mills .

. Yang-Mills
Einstein Gravity - Yang-Mills

. . . Einstein Gravity
Vasiliev HS - Einstein Gravity
. Supergravity

PM Vasiliev HS - Supergravity N
. Vasiliev HS



