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D = 10 Type Il from SYM

The massless open-string states consist of a vector and a
spinor: (A,, x). Using the SO(8) tensor products:

8§y 28, =35,928d1 , 8y ® 8 =56, ¢ 8,
828 =35 02841 , 8y ® 8 =565 P §;
828 =35 0281 , 8 ® 8. =56, D8,
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There has been progress towards understanting the Yang-Mills
origin of all sorts of aspects of gravity theories:

e Multiplets: The squaring rule generalises to all dimensions
yielding a supergravity theory with N' = N} + Ny possibly
coupled to matter multiplets. (1502.05359)

e Global symmetries: Construct the U-duality group of the
supergravity theory from the corresponding SYM parts.
(1502.05359)

o Amplitudes: Calculating gravity scattering amplitudes
using the double-copy formalism. (Bern, Carrasco,
Johansson 0805.3993)

e Solutions: Schwarzschild is the double copy of the point
Coulomb solution. (Monteiro, O’Connell, White 1410.0239)
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(N, = 1) ® (Ng = 0) gives new-minimal A" = 1

Off-shell multiplets

V= (AL, X', D)
444

AL 340

Pv = (ZLLV71/)V, Vu)
12+ 12
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Gravity transformations

By writing the metric as:
Suv = Nuv + h,uu

the diffeos:
Xt = x4 KEF

give the "gauge” transformation:
08 = Ol = KN 4, + KV ,E, = k(D€ + 0,E,) + O(K?)
and thus to linear order:

(5]1“1, = (9;1,51/ + aygu
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Yang-Mills transformations

By writing the gauge parameter as:
V'(x) = 0" + go'(x)
the Yang-Mills transformation becomes:
0Al, = 09" — gf WV A}, = g(0u0" — fatAL) + O(g%)
and thus to linear order:

SA!, = Ou0' — fIut/ AL,



Local symmetries
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The goal

The goal is to reproduce the gravity gauge transformations:

02, = Ouow, + 0,0, Where Z,,, = hyy + By

Oy = Oum (1)

oV, = o, A

from the Yang-Mills gauge transformations:

0A, = Ou0' — fut/ A},
ox' = =t x* (2)
oD = —f /D"
(SAij = ayo'i/ —fi/j/kIG//Alkl,
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The field dictionary
The field dictionary is:

i/

Zy = AL * D x A,
Yy =X * By x A (3)
VI/ = Di * ¢ii’ *A;j/

where the spectator field transforms in the bi-adoint.



Local symmetries

The field dictionary
The field dictionary is:
Zuy = AL * Py *Af:
by = X * By x A 3)
V, =D x &y x AL

where the spectator field transforms in the bi-adoint. The
convolution is crucial in the derivation as it does not obey
the Leibniz rule:

(b)) = [ bl = 'y (4)

Oulaxb) =0,axb=ax0,b
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The transformations

By varying the Yang-Mills parts, the gravity transformations
become:
0Zyy = Ou(0" % By x AL) + 0y (Al % Dy x o)
51by = D, (X' % Py x 0™ (5)
Vi = 0,(D' x Dy % 0™
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The parameter dictionary

Thus the parameter dictionary is:
a, =o' x Dy *A’;
Bl" EAL*(I)I'Z'/ *O'i, (6)
n= Xi*¢ii’ *O'il
A =D %Dy * o
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Comments

What else works:
e Poincare transformations work trivially.
e Supersymmetry transformations follow in a nice way.
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Comments

What else works:

e Poincare transformations work trivially.

e Supersymmetry transformations follow in a nice way.
Two major improvements:

e Extendto Nz =1

e Extend to higher orders were non-linear effects start to
appear.
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