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based on work in progress with Matthew Dodelson
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Mellin representation of CFT amplitudes were known from the early 70's, but
its relation to scattering amplitudes has become clearer over the last decade
due to papers by G. Mack (0907.2407), J. Penedones (1011.1485), and others.
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The counting works if P.'s are vectors in (d+1) dimensions.
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Mack pointed out that standard QFT axioms and OPE properties of CFT
imply crossing symmetry and factorization properties of M (v), expected
for scattering amplitudes in (d+1) dimensions.

Penedones made the relation more precise by formulating the conjecture:
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Scattering amplitudes at high energy show interesting
phenomena such as the Gross-Mende growth of the string
worldsheet and black hole formation and evaporation.

What do they mean in the dual CFT?
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Point particles with local interactions:
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Stringy effects [ Gross-Mende]: 4. '« w
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Strong gravity effects [ black hole formation/evaporation ] : )@PJ K W
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We assume ?Ads QP > 4 so that strong gravity effects kick in
before the worldsheet starts growing larger that the AdS radius.

How can we probe the large W
behavior of the Mellin amplitude M (w)
in CFT correlators <O¢---0,”> ?
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How can we probe the large W behavior of the Mellin amplitude
in CFT correlators?

Bulk Point
Singularity

J. Maldacena, D. Simmons-Duffin,
A. Zhiboedov (1509.03612)
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For simplicity, consider AdS_3/CFT_2:
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The large W contribution to the integral,
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becomes dominant when - |Z| =1+ |1-2]. 7 L/
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With local point particle interactions,
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The Landau singularity from 1509.03612
... happens in AdS_d+1 whenn=3,4,...,d+ 2.
... happensin a genericCFT_d whenn=3,4,...,d+1.

What happens atn=d + 2, for exampled =2, n =47
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Stringy effects in the bulk ford = 2, n = 4,
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The soft UV behavior of string amplitudes resolves
the bulk Landau singularity at z = z.

More generally, the Landau singularity at d = 2, n = 4 is resolved iff

Miw, 8) £ cw3-%° forlarge e with fixed 8.

This bound should hold for a generic CFT.
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The Landau singularity at d = 2, n = 4 is resolved iff
Mitw, 8) € c3"%2 forlarge e with fixed 8.

This bound should hold for a generic CFT.

Since M (w,8) ~ { A (SZA—ZQ*(& A (g0, &)
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iff 4A(w. 6) decays faster than any powers of ).
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A simple scaling argument suggests how this is generalized for d > 2:

For general d and n = d + 2, the Landau singularity is resolved iff

Miw.0) € w1 LA

This bound should hold for a generic CFT.

Since /Vl/w,e)fv( AP(Z

Miw,0) ~ c® L4

iff 4 (w. 8) decays faster than any powers of cJ.
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Substituting M 1w, 8) ~ [ Ap B e b A (2w . 6)
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( reproducing a formula in J. Maldacena, D. Simmons-Duffin, A. Zhiboedov:1509.03612 )

For the Gross-Mende amplitudes, A (W) ~ ex,: (_1: w? -f—(O))
the above integral can be evaluated analytically, and the resulting

the resulting {($; -+ 04 ) can be expressed in terms of the

confluent hypergeometric function, —(2-2)° .
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For the Gross-Mende amplitudes, A (W) v exF (- 1s w? 5—(9)) , this gives
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This formula interpolates the two different behaviors,
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How about strong gravity effects ?

With the Gross-Mende amplitude A (w) ~ exp (- 25 w2 fo)
the w integral at the Landau singularity is dominated by

the saddle at: ~ 1
Lo Ls[$(0)

Since jﬁ(@) ~ 92203 o for small 9, the saddle point reaches
the Planck energy 1/4, when § ~ ’ef’//gs .

Ford=3(i.e., AdS_4 /CFT_3), we can estimate

the collinear limit of the gravitational scattering as:

A wy ~ exp (i gy w2 9e1) with 3(6)~ Log 6

i - i ~ IP In progress with Dodelson;
Strlng Gra\”ty Crossover at 9 //es See also Cardona: 1906:08734
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Summary

In AdS/CFT, high energy scattering phenomena can be probed
at the Landau singularities, where large «w dominates in
the Mellin ampitudes, M (w ).

Resolution of the Landau singularities in AdS_d+1 and n=d+2
requires M(w, 8) € w® "LA

The Gross-Mende amplitude gives M (. 8) ~ TR
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Strong gravity effects in the collinear limit.
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