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Basic question:

As a field, what is “amplitudes” really about?

Many possible answers. One (optimistic) possibility:

e |t's about trying to find new formulations of perturbative
QFT.

If one believes in this:

e New structures should persist on general perturbative
backgrounds.



Many reasons to be interested in curved backgrounds:
e GW physics
e Cosmology/holography
e Laser physics/strong field QED

Also: very little known relative to flat backgrounds

E.g., ‘amplitudes’ (boundary correlation functions) in AdS

@ tree-level only 3- and 4-points

[Freedman-Mathur-Matusis-Rastelli, Maldacena, Maldacena-Pimentel] [Rajul
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Particular structures in gauge/gravity amplitudes:
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The structures: double copy & color-kinematics duality

The backgrounds: plane waves
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Plane wave backgrounds

What is a plane wave?

e Vacuum solution with (2d — 3) symmetries, one of which
covariantly constant, forming a Heisenberg algebra

What do they look like?
e Gauge theory: A = x? A,(u)du, in Minkowski space
ds? = 2dudv — dx, dx?, A,(u) in Cartan of gauge group
[Volkov, Schwinger, Coleman, Heinzl-Ilderton, TA-Casali-Mason-Nekovar]
e Gravity: ds? = 2dudv — dx, dx* — x? xPH,,(u) du?, with
H? = 0.

[Baldwin-Jeffrey, Ehlers-Kundt, Brinkmann, Einstein-Rosen]



Scattering on plane waves

Sandwich waves (Aa H.,, compactly supported):

e Asymptotically flat regions
e Unitary evolution

* No particle creation (in
quadratic theory)

[Gibbons, Garriga-Verdaguer,

1;\\\ //47
TA-Casali-Mason-Nekovar]

Figure: Sandwich wave
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Feynman rules (free fields, propagators, vertices) can be
eXp||C|t|y COHStrUCted [Volkov, Gibbons, Ward, Mason, TA-Casali-Mason-Nekovar]

What's the problem?

e No d-dimensional momentum conservation — integrals
always left over due to wave profile

o Memory effect: ‘out’ region fields know they've passed
th rough Curvature [Zhang-Duval-Gibbons-Horvathy, TA-Casali-Mason-Nekovar]

e Tails: gluon/graviton perturbations do not obey Huygens'
PI’InCIp|e [Giinther-Wiinsch, Mason, Harte]



Just to give you an idea...

Gluon perturbation on a gauge theory PW:
a =T ( +5“k A (u )> ”

where e is charge under A, and

¢ =kv+ (Ea + eAa(u)) x? + i /uds (/?%— eA(s))2
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How could double copy and/or color-kinematics possibly work
on plane waves?

Idea: study the tree-level integrand — akin to stripping off
overall delta functions in flat background

Example: 3-points

3
Az ~ 971 (Z k,) /du ot (ithth) T
r=1

f,(u) related to scalar free fields

73 is the interesting (kinematic) part!
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3-point integrands

Flat background: M3 = (A3)? asai-teserren-tye)
Gauge PW background: A3 = F + C,

€1 * €3
F=—

(k1+ /?2 € — k2_|_ E]_ : 62) + CyChC
k2+

€1 €3

C:

€5 A; (exkiy — erkoy ) + cyclic
kot

Gravity PW background: M3z = F? — iky ky ks, 03 C,Cp,

02" background deformation tensor, C, = 22 €1 - €2 + cyclic



Double copy entails ‘squaring’ plus replacement rules for
kinematics & background:

@ Reverse charges wrt background to form A; = F — C.
@ Take | A3 == A3 d; = F2 — C2.
© Replace k, — /?,E; and

ikr+aab |f r=s=s

apb
&es ATAT = { i(k,y + ksi) 0P otherwise

Mz =p (|A3|2)




Some observations...

Double copy persists despite tails of perturbations &
amplitudes

Suggests n-point conjecture:

Moy=p| Y A, SYalfl 4,

a,ﬁES,,_3

This is not classical double copy
[Luna-Monteiro-Nicholson-0’Connell-White,...] I (PW gauge and graVIty
backgrounds not related by classical double copy trderton )

These 3-point amplitudes can be computed with
ambItWIStOF StrlngS [TA-Casali-Mason-Nekovar]
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Color-Kinematics @ 4-points
Flat background .A4 — % + % + % [Bern-Carrasco-Johansson]

G—¢+c,=0=ns—n.+n,

PW gauge background: situation very different!
Ay = cs/du[s] ng + ct/d,u[t] ne + ¢, /du[u] ny

[ dp[s] ~ momentum conservation and s™*

Clearly, ng — ni +n, #0
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Yes!

f(ns) — f(ne) + £(n,) ~ 0

e f: map on certain propagator factors (akin to stripping
off 1/s, 1/t, 1/u)

e ‘~'" & ‘= up to special factors which vanish in flat
background’

Has the correct flat background limit
Non-trivially constrains representations at higher points



Outlook

Just scratching the surface...

e Perturbative gauge theory/gravity on PW backgrounds
e Does double copy persist at higher points?

e Relation between color-kinematics and double copy?

e Derivation from string theory?



