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Why Anti-de Sitter spacetime?

*  Dual to a conformal field theory via

AdS/CFT correspondence (hep-th/9711200 by
Maldacena, hep-th/9802109 by Gubser et al., hep-th/9802150 by
Witten)

«  Strongly coupled CFTs can produce novel
phenomenon:

«  Non-integer forces, “Unparticles” (see
e.g. Georgi hep-ph/0703260 and 0704.2457. See also
0804.0424 by Cacciapaglia, Marandella, Terning, and
0902.3676 by Friedland et al.)

*  Quasi-spherical cascade decays (see eg.
Csaki, Reece, Terning 0811.3001)

acost007@ucr.edu UC Davis Particle Theory Seminar



Anti-de Sitter Spacetime

Minkowki
Slices

acost007@ucr.edu UC Davis Particle Theory Seminar



Anti-de Sitter Spacetime

Minkowki
Slices

acost007@ucr.edu UC Davis Particle Theory Seminar



AdS with Branes

Brane

UV = 1/k
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AdS with Branes

Brane

@ (é)z + ﬂ»fm__) ) =0
ZIR
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UV
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AdS with Branes

Brane
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Review: Particle in a Box

n=4
Energy
Increases B
E, x n’ with n n=3 Looks like distinct
particles with
increasing mass
n=2
Wavefunction
Profile
n=1
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KK Modes .
n=4
Mass
Increases _3
My ~ ML with n n=
KK modes
n=2
KK
Profile
n=1
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5D Propagator
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5D Propagator
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5D Propagator

ZZ —szp _mz

n=0
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5D Propagator

AN Gz, )

n=0
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How does { Impact particle propagation?
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How does { Impact particle propagation?

i (p?)
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How does { Impact particle propagation?

Ga(p?) = G+ GilIG + - - - = @G—f+n
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Resummed Propagator
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Resummed Propagator

-

z) fn(2)
(2,2 _Ezp —mz—I—Hn( 2)

acost007@ucr.edu UC Davis Particle Theory Seminar



Resummed Propagator

2

|Gp(z,z’)‘“

ImlIlI,, (mi)
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Resummed Propagator

‘Gp(z,,z’)‘j

Re(p)
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Resummed Propagator

Resonant production
of a KK mode

\Gp(z’zr)‘i A

Re(p)
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Resummed Propagator

Resonant production
of a KK mode

Iy

Gp(2,2) ‘2 A

[ But what about this?

v

Re(p)

>
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Resummed Propagator

Resonant production
A of a KK mode
2

|GP(21 z!)| 5

2 2
— my, + 1 (p?) But what about this?

LT

>

Re(p)
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Resummed Propagator

Resonant production
A of a KK mode
2

|GP(21 z!)| 5

But what about this?

LT

>

Re(p)
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Resummed Propagator

“?p(z,zﬂ|2

Resonant production
of a KK mode

But what about this?

Mae =

m=0 n=0

>

Re(p)
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Open Questions

* Is the high energy continuum Gy, )
regime physically realizable?

« By treating heavy KK modes as
narrow modes and good
asymptotic states, could we miss

something?

——

acost007@ucr.edu UC Davis Particle Theory Seminar

Re(p)



oo OO

Gp(z,2') =i Z Z fm(2) (p2 —m* + 1) ;L fnl
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Outline

Solve equation of motion subject
to brane boundary conditions
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Outline

Solve equation of motion subject
to brane boundary conditions

k(222 VOV Jawz) = TV Ya(pzo) | ViR Jalpzs) — TIRYa(p2-)|

) TUVVIR _ VUV JIR
JUVY ! yvvigl
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Outline

Solve equation of motion subject Calculate self-energy and
to brane boundary conditions resum the propagator
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Outline

Solve equation of motion subject Calculate self-energy and
to brane boundary conditions resum the propagator

iM(p?)
~ _)2
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Outline

(Solve equation of motion subject ' ) ' Calculate self-energy and Analyze KK mode widths

to brane boundary conditions resum the propagator
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Outline
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Outline
Solve equation of motion subject Calculate nergy and -
[to brane boundary conditions Hresum the agator Analyze KK mode widths
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Outline
Solve equation of motion subject Calculate nergy and :
(to brane boundary conditions Hresum i agator Analyze KK mode widths

Solve equation of
motion without branes
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Outline
Solve equation of motion subject Calculate nergy and :
(to brane boundary conditions Hresum i agator Analyze KK mode widths

Sol ti f T
(moo\’gieoﬁqvtfji?hlgﬂtobranesJ Gp(2,2') = (k2)?(k2")? Ja(pz<)H (pz>)
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Outline
Solve equation of motion subject Calculate nergy and :
(to brane boundary conditions Hresum i agator Analyze KK mode widths

Solve equation of Calculate self-energy and
motion without branes resum the propagator
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Outline
Solve equation of motion subject Calculate nergy and :
(to brane boundary conditions Hresum i agator Analyze KK mode widths

Solve equation of Calculate self-energy and :
(motion without braneeresum the propagator G153 (78S (159 EEEeli!

acost007@ucr.edu UC Davis Particle Theory Seminar



Outline
Solve equation of motion subject Calculate nergy and :
(to brane boundary conditions Hresum the agator Analyze KK mode W'd”i
Solve equation of Calculate self-energy and :
(motion without branes l ' l resum the propagator Take branes into account

acost007@ucr.edu UC Davis Particle Theory Seminar



Outline
Solve equation of motion subject Calculate nergy and :
(to brane boundary conditions Hresum the agator Analyze KK mode W'd”i
Solve equation of Calculate self-energy and :
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Effective Field Theory in AdS

5= / X/ |7] (A@D Py — (PO P10M Dy + .. )
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Effective Field Theory in AdS

S5 / P X/ (ANBD By — (DD P10M Dy + .. )
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Effective Field Theory in AdS

S5 / P X/ (ANBD By — (DD P10M Dy + .. )

_<c
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Effective Field Theory in AdS

S5 [ P X/ (ADD Dy — (DD DM Dy + .. )

173
[NVQ-LTSA Cw\/gigj

For details on “naive” dimensional analysis, see
hep-ph/9909248 by Chacko, Luty, and Ponton.
Also, see the Ponton TASI lectures.
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Also depends on z, 7'
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Better way: Schwinger-Dyson equation for the 2-point function

DxGa (X, X')— / dYII(X. V)G (Y, X') = —id} (X — X')
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Schwinger-Dyson equation for the 2-point function

Dy G (X, X')— / Y TII(X, V)G (Y, X') = —id* (X — X')

03{ +m? IJ
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Schwinger-Dyson equation for the 2-point function

Dy G (X, X')— / Y TII(X, V)G (Y, X') = —id* (X — X')

03{ +m? IJ

G,:]r(}(j X”) = G(](X, Xf) + GL(X., X!) T ¢ as
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Schwinger-Dyson equation for the 2-point function

DyGa (X, X')— / Y II(X, V)G (Y, X) = —id* (X — X')

Gar( X, X') = Go(X, X') + G1(X, X") + ... Regroup terms

DyGo(X.X') = —id (X — X')

DyGi(X.X') = / dYY TI(X,Y)Gy(Y. X')
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Schwinger-Dyson equation for the 2-point function

DyGa (X, X')— / Y TII(X, V)G (Y, X) = —is* (X — X')

GC]F(X,X") = Gr’{](}‘l_rj X") + GL(X: Xf) 1 e

DyGo(X. X') = —idd(X — X!) =22 o DGy~ —i

Transform

DyGi(X.X') = / Y TI(X,Y)Go(Y, X') =22 o DGy~ TG

Transform
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Schwinger-Dyson equation for the 2-point function

Dﬂmupm—/&ymxymmmxwz4&@—Xq

G.:]r()(j XI) — Gr’{](}‘l_rj X") + GL(X: Xf) + ...

DyGo(X. X') = —idd(X — X!) —2L o DGy~ —i

Transform

’Dijl(X._ XJ') — /d-l}f H(J{ YP)G['}(}I. X!‘) Fourier N DGl N HGU

Transform

(iGoD) Gy ~ G1 ~ GyillGy
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2-point Schwinger-Dyson equation in AdS.

v 1 |Dp;:("(1)21 2,2 )— /(Iu I(p?: 2z, u)G(p*;u, 2') = —id(z — 2')
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2-point Schwinger-Dyson equation in AdS.
v A \Dﬁ,;:({r’(pzz 2, 2)— /r!u I(p?: 2, u)G(p*iu, 2') = —id(z — 2')
p:;:,}}|r_12 i'

ipz>—S(zs)

X €
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2-point Schwinger-Dyson equation in AdS.

VDG (p?; 2. 2') - /r!u I(p?: z,u)G(p*:u, ') = —id(z — 2')

p:;:,)‘:-}|r_12 i'

If we know the function S(z), then we know the resummed propagator!
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WKB Analysis

(;(l]" ~ fj_""s (E‘__} )
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WKB Analysis

(; ~ G—S(E}) _ }‘2 .
dr Sy (2) ~ 3 - 107 2= log (pz) | Renormalizable

k Interaction

Sxe(z)=1-10 F"/\{:ﬁ' {p:}g
¢ Higher Dim.
Operators

See(2) =510 " C°k? (p2)*
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WKB Analysis

(; ~ G—S(E}) _ .:\.2 .
dr Sy (2) ~ 3 - 107 2= log (pz) | Renormalizable

k Interaction

Sxc(z)=1-10 > \Ck (g}:)g

Higher Dim.
Operators
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Ga, (p: 2, zr’) ~ eP?> ~C(pz>)?

C =10""XCk
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Gar (p; 2, 2") o eipz>—C(pz>)’

C =10""XCk

—> 2

Opaque to
Propagation
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WKB Analysis

(; ~ G—S(E}) _ .:\.2 .
dr Sy (2) ~ 3 - 107 2= log (pz) | Renormalizable

k Interaction

Sxc(z)=1-10 > \Ck (g}:)g

Higher Dim.
Operators
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WKB Analysis

(1 ~ G—S(E;}) _ /\‘l-" .
Tdr bﬂ}{h{ :} ~ 3. l[]—-’! T 1”5_]; Uj:‘]] RenDrmallzable

Interaction

Higher Dim.
Operators

See(z) = 51077 C2k3 (p2)! 1

Same order when
EFT breaks down
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Is S ~ O(1) possible in the EFT?
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Is S ~ O(1) possible in the EFT?

k5 Sx~0(1) A
S‘xq(z) ~ 7-10 3 (pz)z e (p:)upacit.y ~ 10 E
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Is S ~ O(1) possible in the EFT?

o k : /A
Sxe(z) = 7-10 3 (j::iz)2 (p:)ﬂpa-‘:it.v ~ 104/ —
A ~ k

1B Sx¢ ~ Sce A

Sec(z) ~4-107* A3 —(pz)* (P2)gpr ~ I
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Is S ~ O(1) possible in the EFT? EFT

Breakdown
E{pE}EFT
{pz}npa:it!.-
5 10 15 20 1 (A)
L ) pVk
Decreasing 2 Opaque to
See also hep-th/0012148, where Arkani-Hamed et Propagatign

al. hint at a large z censorship property.
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Propagation to the IR brane can be suppressed!

\—IIR Brane

10 /A

pVk
Opaque to|

Propagation|

ZIR
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Outline
Solve equation of motion subject Calculate nergy and :
(to brane boundary conditions Hresum the agator Analyze KK mode W'd”i
Solve equation of Calculate self-energy and :
(motion without branes l ' l resum the propagator Take branes into account
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VDp..G (ng z2,2) = —id(z — 2')
B (G) | =

Z=ZIR

ZIR.

Details will appear in an upcoming paper
by AC and Sylvain Fichet, 2106.xxxxx :-)
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|l
+

+ ...

ZIR ZIR ZIR ZIR

Details will appear in an upcoming paper
by AC and Sylvain Fichet, 2106.xxxxx :-)
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Tk (22))?2 [i{‘]a (pz<) — .Zi'"')})(pk)] [f"rl*rﬁ.](]t (p2s) — .7({R}}l(g):>)]

¢ TJUVVIR _ VUV TIR

| L__//zk
:\\+ B + + ...

Details will appear in an upcoming paper
by AC and Sylvain Fichet, 2106.xxxxx :-)
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(Bare propagator) Bare propagator,
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(Bare propagator,) Bare propagator,

Resummed prop, Brane dressing procedure Resummed prop,
no branes with two branes*
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(Bare propagator,) Bare propagator,
Resummed prop, Brane dressing procedure Resummed prop,
no branes with two branes*

*self-energy was calculated without branes, and this
isn't updated by the brane dressing procedure
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Widths merge just as propagation
to IR brane becomes suppressed
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Widths merge just as propagation
to IR brane becomes suppressed

f” f”»( )
(2,2 :?Zpg—mg—l—ff( 2

n=>0
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Widths merge just as propagation
to IR brane becomes suppressed
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Widths merge just as propagation
to IR brane becomes suppressed

Gp(2,2) =i 33 ful2) (B —m? +10) L f(2)

m=0U n=0

There is a really nice paper by Cacciapaglia et al. on
interference from nondiagonal width matrices: 0906.3417
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Gz, z")‘g

SM
> (I)ﬂ n
SM

Re(p)

Gy(z,2) =1 Z Z fm(2) (p* —m* + H)_l fn(2")

mmn
m=0 n=0

There is a really nice paper by Cacciapaglia et al. on
interference from nondiagonal width matrices: 0906.3417
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Summary

EFT
[_‘Breakdown
« When interactions are present,

propagation into the IR region can
be suppressed at high energies.

* Region of EFT breakdown is
censored by this suppression

*  Widths mix and merge to form a
continuum at energies when the IR
brane becomes opaque to 4 (})
propagation /iﬁ PAF
p VEk

Decreasing 2 Opaque to
Propagation
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Thanks!
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