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Theories on nontrivial backgrounds

e Studying theories on nontrivial backgrounds allows us to access information which is
otherwise invisible in infinite flat space.

* An example: CFTs with a conformal boundary
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Theories on real projective space

* Real projective space is defined as

R / s/7,

Weyl transformation < // >
X’ ./

F o xH ~ — xH]x?

* Simplest non-orientable manifold in even d.

* Possible for any QFT with time reversal symmetry.

* Many studies in condensed matter and high energy physics in relation to subtle anomalies
related to time reversal symmetry.



N =4 SYM on RP*

o /' =4 SYM: “hydrogen atom” for high energy physics

- Integrable, amenable to susy localization, prime example of AAS/CFT.

- Can these be extended beyond flat space?

e ./ = 4 SYM on RP*: Rigid and minimal

- Here we want to preserve half of supersymmetry | ].

- Unlike BCFT with 1/2-BPS boundary condition, there are no new d.o.f. and no choice of
boundary conditions.

- We can, however, choose to gauge (or not to gauge) charge conjugation when we identify

the operators under Z,

O(x) — O(') Charge . o |, g% € SUWN) (TY" — — (T
conjugation



To gauge or not to gauge...

* Physically, the two situations are very different. Let’s consider 1pt functions

w/0 gauging W gauging

o @ =N Z) )

SUGRA A new classical background
dual: asymptotic to AdSs X S°/Z,

A Z, quotient of AdSs X S° [

* We consider the case of gauging charge conjugation because it’s simpler and more interesting
(preserving integrability [ ]).

 Side comment: Constructing the dual from string theory is difficult because Z, is a conformal
iIsometry emerging only in the IR.



Quotient AdS

 The Z, acts on AdS;s as an in version with respect to a unit hemisphere

s 20 zZ
(20, %) = 28+ 22 25+ 22

leaving the north pole invariant.

 But the Z, also acts on the internal S° @

((I)lv (1)27 (I)37 (1)47 (1)57 (I)G) — ((I)la (1)27 (1)37 _(1)47 _@57 _(1)6)

» Fixed locus S% C S°: an O1 orientifold. We need the orientifold because the 5-form flux would

vanish unless we also reverse worldsheet orientation (7 in the field theory).



As defects

Let me also digress a bit and make a comment that the system can be more generally
viewed as an example of holographic defects.

A p-dimensional defect in the CFT is dual to a (p + 1)-dimensional submanifold in AdS. A

familiar example is WL in the fundamental representation which is dual to an AdS, string
worldsheet.

Recently, there has been a lot of progress in studying holographic defect correlators both at
tree level | ] and at loop level |
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The 0-dimension fixed point in AdS can be viewed as a defect with dimension -1.



In this talk...

As mentioned, there is no “derivation” of the AdS dual. This means that the construction is
necessarily bottom-up and involves some unfixed ingredients.

This may seem that we do not even have a starting point for doing calculations. However, this
IS not a problem for bootstrap approaches.

Concretely, we will consider 2pt functions of 1/2-BPS operators (super gravitons) in the strong
coupling limit.

Although the detalils of the SUGRA effective Lagrangian are not known, we will show that it is
possible to obtain all tree-level 2pt functions using analytic bootstrap techniques.



Kinematics

* We focus on super gravitons (1/2-BPS operators)

O,(z,Y) = N tr(®" (z) ... 0% (2))Y;, ... Y,

with SO(6) null vectors Y - Y = 0.

« The Z, quotient breaks half of super symmetry

conformal  SO(4,1) C SO(4,2)
PSU(2,2/4) — OSp(4|4)

R-symmetry SO(3) x SO(3) C SO(6)

* 1pt function can be non vanishing when p is even

b
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Kinematics

* 2pt functions are partially fixed

(Y1 - Y1) = (Ya - Va)
(1 +z7)Pr (1 4 23)P

P2
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<< Op, Op, ) = Gprps (1;0,0)

up to a function of three cross ratios
15 Y1 Yy
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* Crossing symmetry

gp1p2 (775 g, 5) — gplPQ (1 — T g, U)

* Scf Ward identities (analytically continue BCFT |
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Witten diagrams

 The O1 orientifold induces vertices localized at a point in AdS.

« At tree level, i.e., @(I/N\/Z), we encounter two types of Witten diagrams

contact Witten exchange
diagram Witten diagram
con =1
* Method of images |
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W2 (1) = Wa(n) + WA(n) Wa (1) = Wa(l —n) Only scalars can be exchanged.




Analytic bootstrap

e \We start with an ansatz

Aplpz — Pi1p2,€ _I_ Ap1p276 —l_ APlPZvc

Exchange part:
Apips,e(n,0,0) ZAX}LRX 0 )Wax (0) “lemz,e(naaa(_f) = Apips,e(l —1,0,0)

The exchange part is determined by selection rules

. field t
- R-symmetry selection rule = °p 2 £
SU(4) irrep|[0,p,0]|(2,p — 4,2]][0,p — 4,0
-Non-extremal: p < p; + p, etc A p p+2 p+4

R-symmetry polynomials /{0, 6) can be obtained from solving the R-symmetry Casimir equation,
which can be identified with the Casimir equation for 4pt conformal blocks in 3d | ].



Analytic bootstrap

Contact part:

Pm DPm—a
_ E E a—=>b
APlPQ,C T 5a—|—b—pm,evencab0 o

a=0 b=0

We require contact vertices have no derivatives, but we include all R-symmetry structures.

* We can explicitly evaluate the ansatz and it is a rational function in the cross ratios.

* We then plug the ansatz into the suerpconformal Ward identities and then try to solve for the
unknown coefficients.



Analytic bootstrap

 Let us implement this strategy starting from small values of p,, = p,.

- P, = 2t only 5, can be exchanged

- D, = 3-
The fields which can be exchanged are { X} = {Spl_l, SPIH}. We find everything is fixed up to an overall

constant. In particular, the ratio of exchange contributions are fixed

)\Spl_l L pl - :_
)\8p1_|_1 pl _I_ -

Recall that the parameter 4 has the meaning of 3pt times 1pt

)\Sp — CPlPQPCLP Cp1p2p — \/p1p2p [ ]
This gives

a, = C/p



Analytic bootstrap

- p, =>4

The other two fields 7 and ¢ start to appear in the exchanges. But using the result from p,, = 3,

superconformal Ward identities fix all parameters up to the trivial additive constant solution which only
exists for p, even.

gp1p2 — { Z aPOplpﬂ? (hp,OWp T Vphp—4,2Wp—|—2 T :Ophp—4,OWp—|—4) =+ (77 — 1 = n, o <= U)}

peES

gplpg,con Bp1p2 5pm,even

R TER N 1+pm, 14+pm 2+4pm 3—p1—po2
4(—1) VP =5 ) ez (™ — (55 — 1) L (—572)
gplp2><3011 — C Z

((p —2)% — pTa)(P* — Pi2) Dy = (p—1)((p+2)° — p7a)(p° _p%Q)V
16(p —3)(p — 1)%p g 16(p? — 4)p(p + 1) g

Vp —



Comparing with SUGRA

One can also try to compare with direct supergravity calculation. This provides checks and
only fixes the ambiguity. Only the tension term of O1 is relevant

_TOl / 6_% \/_ det gEbB
SQ

For s and ¢, only the fluctuation field # = h“ , is relevant

w(z,y) =) m (@)Y, (y) T =10psp +10(p+ 4)tp44
The strategy is to expand in fluctuations and then integrate over the 2-sphere.

At linear order, this gives rise to 1pt functions which fully agrees with the bootstrap calculation

(p£3)(p+4) (p+7)
(p X /P Aty a OC |/ (p+21?) (p+§)




Comparing with SUGRA

* At quadratic order and without derivatives, we can only write down 7. It contributes only to
the contact part

_ 25y/pip2(pr + 1) (p2 + 1) 3 ( A (m) (pQ

— (p1 —p— D) (pa — p— D(0 + 5P
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* However, this does not exactly match the bootstrap result

(p1 +p2+1)(p1 +p2—1)
912C0n:C XZ@ — Za — H12 Z:O‘—I—é‘
P1DP2, 5071_(2?1 I 1)(]92 1 1)]?1]?2 ( by pl)( by pQ) pP1p

* The mismatch does not prove bootstrap is wrong. Instead it indicates that there must exist
some other subtle contributions to contact terms (e.g., from EOM). A similar mismatch was
also observed for defect 2pt functions with WL | ].




Comparing with SUGRA

* Although the naive SUGRA analysis falls, it correctly captures two important features
- It depends only on the combination ¢ + o©.

- The correlator should be analytic in the power p.

» Note that the additive ambiguity term corresponds to p = 0 and is only present when p, is

even. The rest of the correlator is already analytic in p. This suggests the ambiguities should
be set to zero!

* This way the bootstrap calculation completely determines all tree-level two-point functions.



Outlook

* We studied a cute model which has very simple results. It would be interesting to reproduce
these results from other methods such as integrability | ].

* An immediate generalization of the tree-level result is to go to loops, using AdS unitarity
method | ]-

 We only looked at the SUGRA limit. But we can also go beyond it and consider stringy
corrections.

- Similar analysis has been carried out for 4pt functions or defect 2pt functions. The
simpler model considered here offers an attractive alternative.

- Use supersymmetric localization | ]. Integrated 2pt functions can be analyzed
similar to defect 2pt functions [

].

- Study the flat-space limit [ ] and combine worldsheet description?



Thank you!



