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The Clash: AdS v/s Flat



The goal

Fronsdal’s equations in AdS.,
2(s—=1)(d+s—1)

]:/4(5) = D99/1,(5) - SVQV;AP,J,(s—l)u - R2 Pu(s) = 0
Anti De Sitter Minkowski
Solutions split rigidly into two Solutions form a coupled structure
independent branches near the near null infinity ZT:
boundary: L

e Radiation (Shear)
e Source (A_ branch) e Aspects (Mass, Angular
e Vev (A, branch) momentum)

e Chthonians (Subleading
tower)

e And more...

Question: How does uncoupled AdS data dynamically reorganize into
coupled flat-space asymptotic data?



Flat Bondi Coordinates

e Smooth limit as R — oo from AdS to Minkowski

1 1 i
dsf\dsd“ =2 {2 dudz — R du? + §;;dx dxf}

J{R%o@

! [2 dudz + 6,-jdx"dxj]

2 — e
AShinks., = 2

Bondi Like gauge
Pzpg..pps—1 = 0, g(l/‘ﬂ@aﬁﬂl"'lb572 =0
e Maxwell: Reduces to standard radial gauge (A, = 0).

e Linearised gravity: Reduces to linearised Bondi gauge h,, = h,; =0
and 6%h; = 0, and on shell h,, = 0 using residual gauge freedom.



Solution space in AdS



Solution space of Maxwell fields on AdS,.,: Source

Asymptotic expansion:

A, = 22A0 4 ZAD) . 4 82402 4 pdlp(@-D) o

1. The source (A_) at order z°

° AE,O)(U,X) can be killed by residual gauge freedom

° A(.O)(u,x) is free data source.

!

The recursion

i ij

Afn) _ R2 <f-(n)A(_n71) +g(n)AJ(n72)>
with

F) = —(2n - d)b, 0, , g = —bs (5,-jA +(d = 2)bp_s a,aj)



Diagrammatic representation of the recursion

Assign the weight w, :== R*f(") to the single path

o ———0

n—1 n

and the weight w, := R2g(" to the double path

o——— 06—

n—2 n—1 n

AE") is given by sum over distinct diagrams from 0 to n. For instance A,(.z)

A(.2) _ (R4f(2)f(1)5ij + Rzg-(-2)>

i

A©)

J

The two terms correspond to

o e and e

0 1 2 0 1 2



The mirror relation for Maxwell Fields in AdSy.»

The mirror relation: for 1 < k < % -1

A(ngk)  R* ; 2k

i

-3 42 ¢-1 ¢ 441 7 d=2

Radiation order

o+
[N][SN



Solution space of Maxwell fields on AdS,.,: VeV

Asymptotic expansion:

Ay =Z2A0 + A . 2972 A7) 4 ZATIAGD

2. The Vev (A,) at order z9-1

° Af,dfl)(u.x) and Agdfl)(u.x) obeying a conservation equation:

1 5. a6 d—3

——_— = 2%  AH-Ald-3)
R? (d —1)(d—2) 0

@uAgldfl) _

Free asymptotic data in AdSy.,:

Ay, x) , A D (4, x) and ALY (x)



Solution space of spin-s fields on AdS, .,

Asymptotic expansion:

= 225§(2-29) | 3-254(3-25) |y pd=ly(d-1) L

G).Ul---,“ls 1. s M1 Mhs 1. [Ls

Free asymptotic data for linearised gravity:

hS 2 (%), B (u,x), B (x), A9 (x)

ui uu

Free asymptotic data for spin s:

72 (u,x), 90D (ux), 67N (%), 600 (), .., 0D (%)

i...ds 1...0s uiy ...is 1(2)i .. is—2

s integration functions of x



Solution space of Minkowski




Solution space of Maxwell fields on Minky,

Asymptotic expansion:

d__ d d
Ay = 2PA0 4 281D | A8 AR | gt p(ETY

1. Overleading mode at order z°
e Soft mode AEO)(X) = Oi\(x)

2. Radiation at order z5~!

d_
. A,(2 15 T e fee e s ol i
3. Subleading modes: Chthonians from order z%

e Chthonians obey evolution equation:

1 _ d—2 _
AN — = (aaD L 972 55, A1)
’ 2(ng+1)( Pt an—d+)

e Free function is



Solution space of Maxwell fields on Mink,,, (Contd.)

[ ] a,AI(d72) e O

5. Charge aspect at order z7~!

° Af,dfl) Obeys an evolution equation

d—3

AED =~ Ap.Ald3)

QA (d —1)(d —2) ?

Free asymptotic data:

AB (4 %), A and AB (x) , A (x) A () .

Chthonians can be re-summed to one function on u = 0: A;(z,x)



Solution space of Spin-s fields on Mink, >

Asymptotic expansion:

d_o (¢-s d_ 4 _s+1
(Zﬁ,ul.“us = cooqp Z3 So/(l,lz...u,) T ZZ S+1(7/(112..,//5 )

s

Free asymptotic data for linearised gravity:

d__ d__ d
ME N wx), B0, B (0, A (),
Angular momentum and mass aspect Chthonians
Free asymptotic data for spin s:
s (d—1 (d—1 (d—1
01(12/ )(U:X)v @Eu'lu.iz (%), @Ej(z)il)...is LX) s @EI(S) (%),
S aspects

(4-2+2)

O,(l...,; (), i ... (IR

Chthonians (which can be re-summed)
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How to flatten AdS (without
losing your data)




e Expand the free data in powers of the cosmological constant:

A(dfl)(x) _ A(d71’0>(x)

u u

e Treat all divergences in R? as constraint equations.

Question: What survives in the Flat limit R — o0o?
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The recursion

AlM _ p2 (f-(n)A('nfl) +g‘(‘n)AJ('n72)>

! 1 I

F) = —(2n— d)by Dy, 8" = —ba (55 + (d — 2)by_1 0,5 ) .
ij y J

AL — 200 O(R*2)
A( ) _ R2fQ1 )A ) 4+ f( )AEOJ) + (’)(R’2)
AR _ R4£(2) £(1) 5(0.0) n R2<f(2)f( )A(o 1) s 2)A(o o))

0 [ £(2) £(1) 2(0,2) (2) 7(0,1) _
+ RO (FOFWAL 1 gP A0 1 O(R2)
Imposing the constraints: R? divergent terms must vanish

e From O(R?) in Al(l):
FOALY) =0 = 9,A%Y =0 = A®V(x)



Flat limit: Source contribution

J

d_11k 1 g_1+4k ) 2k . d_q1_ 6l
I et sl <<5,JA_a,-&v axtpi T A

° AEO’O)(X) = 0;A(x) is a pure gauge mode (soft)
o AEO’”) for 0 < n< ¢ —1 are set to zero by O(R?)

divergent-constraint equations.
(0,4-1)
A;

d__
e Source Chthonians arise from 0}

. . A9-1 (0,4-1) . e . L
is unconstrained: d; ~A; identified with radiation.
(0.4-1)
Aj

1—k : .
which appears with
less time derivatives at each order — corresponding to one

integration function.
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Flat limit: Vev contribution

(d—1,n)

Ai(z,u,x) ~ oo 4 Z29TTAETLO L g gn A + .-

e With constraints of the form: 9, ((’)L’]Afd 1‘”)) ~ lower order
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4 Dimensional spacetime
- A happy accident




Maxwell fields in four dimensional spacetime

Chthonians

Source in AdS/Radiation in Flat

N

15



Conclusion

e We have successfully recovered Minkowski solution space from AdS
by expanding the free data in AdS powers of the cosmological
constant.

Future directions:

1. Odd spacetime dimensions
2. Logs?
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Thank You!
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