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Reminder

* The basic building block is a x-space convolution

/

F(a) = (f' x¢rrxg" )(x) = (f o g)()

which allows to derive the action of certain operators on gravitational fields from that of
the analogous operators on the gauge side:

A

OF = O(f o g) given  Of!,O¢rp, Og”

* E.g., for symmetries 5F:3(fog) :5fog—|—foc§g



Motivation

e BCJ double copy: (super)gravity amplitudes from (S)YM
e (Classical solutions: substitution rules, case-by-case basis, gauge-dependent!

e |n spacetime approach, relation between equations on motion restricted Lorenz
gauge.



Goal

To extend the field-theoretic dictionary, to obtain content, symmetries and equations of
motion of (super)gravity from those of the underlying (two copies of) Yang-Mills, without
restricting to a specific choice of gauge fixing.




Yang-Mills, ghosts and BRST symmetry

1
La, =tr <_ZFWFW + bo"A,, — gb2 — 6Dc>




Yang-Mills, ghosts and BRST symmetry

1
La, =tr (—ZF“”F,W + DO A, — gzﬁ = amc>

* The dynamical equations of motion are

O'F,, = 0,b'
Ocle =0

while the Lautrup-Nakanishi auxiliary field is constrained

1
b = 9" A

and free (due to current conservation)
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Yang-Mills, ghosts and BRST symmetry
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Yang-Mills, ghosts and BRST symmetry

| 1 _
Lyg, =tr (—ZF“ F,., + 2—5((‘9“14“)2 — ch)
* The equations of motion are
/ , +1
0AL — ¢'9,0AT = 0 55%
Ot =0

* The theory is invariant under the following (on-shell nilpotent) BRST transformations,
which encode the late gauge invariance (fixed):

QA{L = 8MCI, Qc! =0, Qc! = %8“A£
* Simplifying features for certain choices of “gauge”
=0 (Landau gauge)

E=-1 (£ =0) (Feynman-"t Hooft gauge)
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x/y Keep it general!



Gauge X gauge = 7




Gauge x gauge = ?

A, (0) & (£1)
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gh(f o g) = gh(f)+ gh(g)
e(fog)=e(f)+e(g) (mod?2)



Gauge x gauge = ?
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Gauge x gauge = 7
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Gravitational theory: BRS

2
1. ., 1 , 1 _ 1
* |nvariance under the set of BRST variations o Chost Mass
€ number dimension
Qhyy = 20(,¢,) Qc, =0 By 0 1
1 1
Qc, = — (ath/ — _auh) Qe =0 . : ’
30 2 Cu -1 2




Gravitational theory: BRS

Ul X

3

2
1 1 1 1
Lh,, = _ZhWE L+ 2% (8“hw - §8Mh> — c'Ue, — Z@“goﬁugo
* |nvariance under the set of BRST variations . Chost Mass
e number dimension
Qhuw = 20,0, Qc, =0 By 0 1
_ 1 1 c 1 0
QC = (8yh v — -0 h) —_— p
SR o2 . 1 2
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Not enough..

* Consider the obvious choice (of all possible local scalar terms)

gpzApoAp—l—acaoéa

Indeed, it is not enough to map both BRST symmetry and e.0.m in a gauge-
independent fashion: while it accommodates BRST, it fails to map the e.o.m in an

arbitrary gauge,

0A} — 0,04 =0 O =D0(A” 0 4,) + a O(c" 0 &)
Ol =0 = £/(¢' —2)(0A 0 DA)

!
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Convolution and boundary conditions

* The functions require nice fall-offs at infinity in order for the convolution integral to
converge and to obey the derivative rule:

Ou(f*g) = (Ouf)*g=[f*(0u9)

* Encode boundary conditions in effective sources, 0Ljf =j and define Green’s
function operator

1
Gxj=—1
* ] DJ



Need for Green’s function

* |nstead, add all non-local terms consistent with mass dimension, ghost number,
parity:

p=A"0 A, +arc" 0+ =040 DA

* The YM equations are D(Apo,zip):lDAPoDAp
O
DAI /88AI_-IA = ¢ —2)0A 8/1 1-p j
L —§0,0A" =j,(A) =&(8=2)04004+ 55" 0 jp
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Het =37 O(e 0 0) = =5°(6) 0 Jale)

(O '90A00A) = 0A 0 0A

e This dictionary reproduces BRST and e.o.m. Uy = ()
Qe =20

o= AP0 A+ (€ — 1) 08, + (¢ — 2)%3/1 0 DA

. 1. ~ a1 ., -~
9(90)=5.7"09p+§y oya{




Dictionary

Physical sector:
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Conclusions

The tensor product of two Yang-Mills theories written in the BRST basis (A, 2¢) yields
exactly the field content of graviton, Kalb-Ramond 2-form and dilaton, together with
their respective ghosts (first and second generation).

Dictionary constructs the correct action of the gravitational BRST operator on gravity
fields from that of the YM BRST.

The gravity fields derived have the correct dynamics, owing to the underlying YM
equations of motion. This holds for any gauge-fixing parameter and, as a by-product,
map between different gauges.

Formalism is automatically anti-BRST covariant as well (both YM and gravity sides).
This is a general property due to linearity of gauge-fixing functional. Importantly, anti-
BRST is anti-commuting with BRST on all fields.

Tensoring two YM over (A, 2c, b) induces spurious Weyl scaling invariance?



Thank youl!



