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Are	all	supergravi2es	double	copies?	
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Bern,	Carrasco,	Johansson	The	double	copy	

Whenever	gauge	invariance	requires:		 Ci + Cj + Cj = 0

ni + nj + nj = 0kinema2c	numerators	obey:		

Ci and ni have the same symmetries



A	brief	example	of	N=2	SGs	and	of	designing	
the	single	copies	



Maxwell/Einstein	5d	supergravity	theories	
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Maxwell/Einstein	5d	supergravity	theories	
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in	terms	of	vielbeine	on	the	scalar	manifold:	åIJ

(whenever						related	to	Jordan	algebra)	C

•  Generic	Jordan	family:	
					(natural	basis)		
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•  Par2cular	examples	can	be	found	by	trunca2ng	N=8	supergravity		



•  Component	double-copy	spectrum:			I	=	(0,	A)	;		+	=	(-1+0)	;			-	=	(-1	-0)	
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[�B̂ ,�Ĉ ][�B̂0

,�Ĉ0
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The	4d	generic	Jordan	family	Maxwell-Einstein	supergravi2es	

Three-point	amplitudes	agree	between	Lagrangian	and	double	copy	



@
µ

'x ! @
µ

'x + gAs

µ

Kx

s

r
µ

�ia ! r
µ

�ia + gLab

t

At

µ

�ib

F I

µ⌫

! FI

µ⌫

= @
µ

AI

⌫

� @
⌫

AI

µ

+ gf I

JK

AJ

µ

AK

⌫

e�1

6
p
6
CIJK✏µ⌫⇢��

⇢
F I
µ⌫F

J
⇢�A

K
� +

3

2
gfK

J 0K0F I
µ⌫A

J
⇢A

J 0

� AK0

� +
3

5
g2AI

µf
J
I0J 0AI0

⌫ AJ0

⇢ fK
K0L0AK0

� AL0

�

�

e�1

6
p
6
CIJK✏µ⌫⇢��F I

µ⌫F
J
⇢�A

K
� �!

Gauging	in	d=5:	

•  No	poten2al	in	5d													Minkowski	ground	state	with	unbroken	susy	

•  Reduc2on	to	4d:	-	poten2al	from	nonabelian	field	strength;		
																																				-	zero	minimum	energy											Minkowski	ground	state	
																																				-	choose	symplec2c	frame	(depending	on	purpose);	
																																														part	of	the	defini2on	of	the	theory	

•  Modifica2ons	to	the	vector	triple	coupling:	

•  Covarian2za2on	of	deriva2ves	and	field	strengths:	

Gunaydin,	Sierra,	Townsent	



Designer’s	gauge	theories	

Modify	the	MESGT	double-copy	construc2on	to	include	non-abelian	couplings	

-	Minimal	couplings	with	spin-0	and	spin-1/2	fields	

standard	3-point	S-matrix	elements		

-	Require	that	this	can	be	factorized…	

					…	and	that																							are	Lorentz-invariant		

from	standard		
dim	4	operator	(4d	coun2ng)	

from	dim	3		
operator	(4d	coun2ng)	

Unique	local	op2on:	trilinear	scalar	operator		
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The	4d	generic	Jordan	family	of	YME	N=2	SGs	
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Next-simplest	double-copy	example:	4-vector	scaaering	in	SG,	highest	power	of				g0
Simplest	check:	3-point	amplitudes.	Needs	more	nota2on	

(SG	vectors)	=	(N=2	YM	vectors)	x	(N=0	scalars)	
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Other	amplitudes	also	check	out;	can	find	explicit	expressions	for																	,		
												loop-level	analogs	of	BCJ	amplitudes	rela2ons,	etc.		

hhnAmi



An	applica2on:	EYM	trees	&	Loop-level	amplitudes	rela2ons			



· · ·
w1 = 1

w2 w3 w4 wn−1

wn = n

Tree-level	EYM	amplitudes	from	2-copy:		 single-trace	gluon-graviton	amplitudes	
-	can	be	expressed	in	terms	of	YM	color-ordered	amplitudes	
-	gauge/diffeomorphism	invariance	helps	bypass	need	of	manifest	c/k	rep.	
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Similar	structure	in	YMESG	theories;	slight	twist	is	that	there	exist	mul2-ladder	terms		
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Nk(w) /contact	terms	should/could	be	determined	from:	

Pufng	together	DDM	YM	color	decomposi2on	and	YM+scalar	flavor	decomposi2on:	
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1)	Massage	the	c/k	dual	YM-scalar	amplitude	into	flavor-DDM	form	

2)	Generalized	double-copy	from	any	YM-scalar	amplitude	put	in	flavor-DDM	form	

3)	….	
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Nk(w) from	diff/gauge	invariance	with	known	leading	term:	

Pufng	together	DDM	YM	color	decomposi2on	and	YM+scalar	flavor	decomposi2on:	

Nk(w) =
kY

i=1

2("i · zi(w)) + contact terms

MYME
k,m (1, . . . , k | k + 1, . . . , k +m)=

X

w2�12...k

Nk(w)A
YM
k+m(w) + Perm(1, . . . , k)

MEYM
k,m (1, . . . , k|k + 1 . . . k +m)

=
X

w2Sm�2

eCDDM(k + 1, wk+2, . . . , wk+m�1, k +m)MYME
k,m (1, . . . , k|k + 1 . . . k +m) + multi-ladder

�
("izi) , (pizi) , ("i"j) , ("ipj) , (pipj)

 
, i, j = 1, . . . , k-	Built	from		

-	Degree	k in	momenta;	Degree	k in	polariza2on	vectors;	each	of	them	enters	once	

-	Scalar	momenta	implicit	through	z; ansatz	is	independent	of	nr.	of	scalars	
		ordering	enters	only	through	z(w)		
-	Vanishes	upon																																																						and	use	of	the	BCJ	amplitude	rela2ons		✏i(pi) ! pi (8) i = 1, . . . , k

-	BCJ	amp	rels	remove	remaining	freedom	from	
			but	can	be	used	to	find	nice	expressions	for		

MYME
k,m (1, . . . , k | k + 1, . . . , k +m)

Nk(w)

-	semi-recursive		



Explicit	tree-level	EYM	amplitudes	from	2-copy	
•  One	graviton,	(m-1)	gluons,	single-trace	

•  Two	gravitons,	(m-2)	gluons,	single-trace	

•  Three	gravitons,	(m-3)	gluons,	single-trace	

•  Four	&	five	gravitons	–	not	too	bad	either	
•  Simpler	expressions	than	from	scaaering	eqs	 e.g.	Nandan,	Pleka,	Schloaerer,	Wen		

•  Recursive	construc2on	using	these	variables	 Teng,	Feng	

Chiodaroli,	Gunaydin,	Johansson,	RR	



Double-copy,	YMESGTs	and	constraints	on	single-trace	(s)YM	loop	integrands		

Tree-level:	BCJ	amplitude	rel’s		à	existence	of	color/kinema2cs-dual	rep‘s	
What	are	analogous	necessary	rela2ons	at	loop	level?	
-	earlier	string	theory-based	work	at	1	loop	and	2	loops	Vanhove,	Tourkine;	+	Ochirov;	

Hohenegger,	S2eberger		

Observa2on:	L-loop	YM-						amplitude	with	1	gluon	and	highest	power	of	g’	is	c/k	dual	�3

-	All	cubic	graphs	with	aligned	color	and	flavor		
-	QED-type	coupling	for	the	sole	gluon	

Here:	diff	invariance	of	EYM	amplitudes	

-	No	possible	contact	terms	
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Chiodaroli,	Gunaydin,	Johansson,	RR	



Tree-level:	BCJ	amplitude	rel’s		à	existence	of	color/kinema2cs-dual	rep‘s	
What	are	analogous	necessary	rela2ons	at	loop	level?	
-	earlier	string	theory-based	work	at	1	loop	and	2	loops	Vanhove,	Tourkine;	+	Ochirov;	

Hohenegger,	S2eberger		

Observa2on:	L-loop	YM-						amplitude	with	1	gluon	and	highest	power	of	g’	is	c/k	dual	�3

-	All	cubic	graphs	with	aligned	color	and	flavor		
-	QED-type	coupling	for	the	sole	gluon	

Here:	diff	invariance	of	EYM	amplitudes	

-	No	possible	contact	terms	
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Double-copy,	YMESGTs	and	constraints	on	single-trace	(s)YM	loop	integrands		
Chiodaroli,	Gunaydin,	Johansson,	RR	

Reproduces	earlier	low	loop	results	


