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AdS/CFT and Holography

® AdS/CFT : Equivalence between type IIB string theory in AdSs x Ss and N=4
SYM SU(N) gauge theory in 4D

® For our purposes: assume large N, strong tHooft coupling, drop SUSY and
S5. Then we have equivalence between a QFT with gravity in AdSs and a
strongly coupled CFT in 4D.

® Holographic formalism : value of a field on the AdS boundary
corresponds to the source for a CFT operator,

D¢6iSAdS[¢] — /D¢CFT€Z'(SCFT+I d*z¢oOcrr)
Po



AdS/CFT and Holography
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Holography with a UV brane

x s

4D CFT
O BV UVVVVVVN + Gravity

bo is dynamical

z = 1/k 2
UV brane



Holography in a slice of AdS
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+ Gravity
: . ¢o is dynamical
1/k 1/T 2 Scale invariance spontaneously
UV brane IR brane broken in the IR at p~T.

Resonances with m ~nT



Proposal

The spontaneous breaking of conformal symmetry, the emergence of
resonances, all of this is related to the presence of the IR brane. But we do
holography on the UV brane. Are we missing some information?

Proposal :
- Treat the IR brane holographically
- Figure out the dual CFT theory

- Hopefully, get new insights/model about how the CFT breaks, how
resonances appeatr, ...



Double Holography
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The holographic action: Hol. self_energies

d*p 1 — y “

Sl¢o, 1] = / (2773 2 (Ppollodo + 2¢0llg1 1 + d111101)




Double Holography

Given an interval y € [yp, y1], the bulk EOM gives

®(y) = Af(y) + Baly) (3.1)

where A, B are independent of y and the solution f(y), g(y) are independent solutions so

that the Wronskian in non zero,

W = f'(y)g(y) — f(y)g'(y) # 0. (3.2)

The values of the field on the boundaries are named

D(yo) =0, Ply1) = 1, (3.3)

and will be the variables of the holographic action. We also define

flyo) =fo. fln)=rfi. glwo) =90, g(n) =091, (3.4)

The A, B constants can be translated into the holographic variables,

~ ¢og1 — 190 ~ ¢of1 — d1fo
A= ., B=- .
fog1 — figo fog1r — fig0




Double Holography

The holographic action is given by

- dp 1 , .
Sléo, ¢1] = /ﬁi (60(dy — kbo) |y, — @1(0y — kb1) Py, ) . (3.6)
One introduces
fi = f'(yi) — kbi f(yi) (3.7)
so that
(0y — kb;)®|,, = Afi + Bgi . (3.8)

Substituting with the holographic variables we get the holographic self energies

o dip 1 | | | | | :
Sloo, ¢1] = ?4 — (pollndo + 2¢pllp10 + 1111 ¢01) (3.9)
J (2m)* 2
with _ ~
fog1 — aohr figo — g1 fo W
Il = =— : 1L = = - . Iy = ) 3.10
"7 oL —gofi YT fogi —gofy "L fogr — goft (3.10)




Double Holography

The Green functions of ® with Neumann boundary conditions takes the form

Gt (y,y) = -

1 (fogi(y<) — ﬁnﬁ{ﬂ}?ﬁ))(ﬁﬁg(?ﬁ) — grfoly=))

W

(3.11)

fogr — gofr

It turns out that the Il (II;) self-energy corresponds to the inverse brane-to-brane propa-

gator with Neumann BC on the brane and Dirichlet BC on the opposite brane, i.e.

The Iy term can be expressed as

Iy

G (Yo, y0) Gp ™ (y1,31)

1 1
ﬂn — — q Hl - — . {312:]
Gy~ (vo.v0) Gyt (y1.w1)
1 o — o — - - o —
_ w Jiu.t}l ;fi*nfl fogr — go (3.13)
fog1 — gof1 fogr — Gof1 fogr — gof1 Jogr — goh
Gt (yo,1
S {"’“:_1) (3.14)
Gy (y1, 1) G~ (Yo, yo)
G (yo. 1
- P {JD J”.) {315)

One recognizes amputated brane-to-bulk propagators in these expressions. In particular

we have

K—\
Iy, = —K(y)IL,

— Usual holographic profile
(3.16)




Double Holography
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4
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Hol, self-energies




Double Holography in a slice of AdS

We apply the formalism to a slice of AdS. Focusonthe T' < p < k
momentum region. We use massive sources, i.e. generic

brane mass terms b,k .

UV self-energy: CFT cowe\a’(ov

20 [(— ) S _ sin (f — (1 — 20))
ORI = ()

v p
Iy = vak + (va —+ 20&)]6 (2k>

®o = massive source

® This is the same result as for UV holography with massive source.

o S, ~ 1 whenever a small imaginary part is included near the poles.

Hence the poles tend to vanish and one recovers the unbroken CFT.
The IR brane becomes irrelevant.



Double Holography in a slice of AdS

We apply the formalism to a slice of AdS. Focusonthe T' < p < k
momentum region. We use massive sources, i.e. generic

brane mass terms b,k .

IR self-energy: /EV@V‘\%‘SPaced zevos and poles

= ki cot (55 + 31 - 20))
kLot (24T -0
I, chot T+4( )

® This is the inverse propagator of a free scalar field on circle or on an
interval.

® The poles do not tend to vanish.
® This self-energy seems to describe the bound states arising from the CFT.

Hence we call ¢1 = ¢ the meson field.

With that we can start to figure out the CFT dual



Proposed CFT dual (naive version)

®o
4D CFT
“ L = P
u u € [07 2/T]

Holographic functional:

Wlgo, p] = ilog [/ chCFTDgOei(SCFTJFS[S"Hf P2 $00| o tf Ao Toel oy, )

4 2/T
— [ dx ‘]9090|u:u1 with S|p| = /d4$/ du(Onrp)? .
0

W is a free energy in @ and an effective action in ¥



Conclusion

¢o |
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© ~ meson field
w € [0,2/T]

'ff' "‘ ‘>
1/k -
/ 1/T

@ A two-sources holographic formalism is proposed
@ Hopefully it could lead to new insights about CFT breaking

® It's an ongoing work, comments are very welcome
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Double Holography

Finally, let us check that we recover the standard holographic action when integrating

over the ¢, variable. For a Dirichlet boundary condition on vy, we have ¢; = 0. It follows

trivially that
dip P2
Sleo) = / L 3.17
[90] J 2m)* 2G5 (yo,yo) 4 310

which is the expected result. For a Neumann boundary condition on y;, we have (d, —

kby)®|,, = 0, which implies
W

o1 = Ppo—= — . (3.18)
g0f1 — fodn
Replacing in the action one obtains
d*p P2
Sleo] = / . 3.19
%] = | Gy 2Gy " (yo0,90) 4 319

which is again the expected result.



Double Holography in a slice of AdS

We turn to the mixed UV/IR self-energy 11j .

® The general double holography formalism gives Ilg1 = —K(y1)II; where
K (y1) is the “"holographic profile”’, i.e. the Green function giving

?(y;p) = ¢o(P)K (Y, p) | ie. the amputated UV-brane-to-bulk propagator
_ G;_—I_ (207 Z)
Gy " (20, 20)

Kp(2)

@ In a slice of AdS:

B [T D\ 1
K(y) =2 D (2k> F(a)cos(%Jrg(l—Qoz)) T'<p<k

® The other self-energies are about nearly exact CFT and meson states
respectively. Hence this one must contain information about the link
between both.




Proposed CFT dual

Using the CFT functional we already set, we have

52W[¢07 90]
0o (p)op(—p)

Using chain rule and definition of Legendre transform,

HOl —

*Wigo, o]  8°Wldo, @] 0J,  6*Wgo, ]

_ — 1, .
5o 006 J, Op 5podd,

52 W [¢07 90]
500,

Therefore | K (1) = — —i (O(p, u0) P~ 1)) o -

— The holographic profile corresponds to the connected correlator between
the nearly exact operator and the meson field.



A simple model of CFT breaking (ongoing work)

This is nice but up to now (O(p, uo)go(—p, u1)>
by the AdS side.

is only predicted

conn

@ Let us try to figure out a model on the CFT side that reproduces

<O (p s UO ) ¥ ( —Pp, U1 ) > conn and remains consistent with the CFT
picture already established.



A simple model of CFT breaking (ongoing work)

This is nice but up to now (O(p, ug)p(—p, u1)>conn is only predicted
by the AdS side.

@ Let us try to figure out a model on the CFT side that reproduces

<O (p s UO ) ¥ ( —Pp, U1 ) > conn and remains consistent with the CFT
picture already established.

@ We have already introduced a compact extradimension. So let’s
assume that the CFT also lives in the extradimension. We use 4d
momentum/position space and large momentum

(O 00(pu) = iGerr(p.u) = 3 (3) 7 s (0

. [2m 1 P\ —i(pu—i—%(Qa—l))
o~ | 1
Z\/ pu 4l'(2 + ) (Qu) c f p>1/u

A=24+q«




A simple model of CFT breaking (ongoing work)

@ Now let’s apply the compactification but only to the phase. A
prescription which does it is

oo

GOmP (p,u) = u~AT3/2 Z (u+n2L)> "2 Gepr(p,u+n2L) + Zo, Z), reflections.

n——oo

@ Neglecting the phases for simplicity, we get

or 1 pre 1
comp o
Gorr(p, 1) = pL 4T'(2 + «) (QL) 2p sin(plL) (T'<p<k)

This is pretty close from K (1)

® Morever ]Ij remains unchanged, i.e. CFT still nearly exact from the

viewpoint of @g because for © = (0 the n = 0 winding mode
dominates.

® In summary the model is

(O(p,0)p(=p, L)) conn = (O®;0)0(=p, L)) conn -

conn
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