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Gauged supergravities
Supergravities in which a subgroup of the R-symmetry is promoted to gauge
symmetry under which matter fields are charged

Timeline (V' = 8sugra)

@ 1978-82: N = 8 ungauged supergravity; SO(8) gaugings in 4D
[Cremmer and Julia; de Wit and Nicolai]

@ 1984: More non-compact gaugings in 4D [Hull]
@ 1985: SO(6 — p, p) gaugings in 5D [Giinaydin, Marcus; Giinaydin, Romans, Warner ]
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Timeline (V' = 8sugra)

@ 1978-82: N = 8 ungauged supergravity; SO(8) gaugings in 4D
[Cremmer and Julia; de Wit and Nicolai]

1984: More non-compact gaugingsin 4D [Hull]

1985: SO(6 — p, p) gaugings in 5D [Giinaydin, Marcus; Giinaydin, Romans, Warner ]

Long-standing problem of classifying all possible gaugings
)

2001: Embedding-tensor formalism [de Wit, Samtleben, Nicolai, Trigliante]

2012: New family of SO(8) gaugings in 4D [Dall'/Agata, Inverso, Trigliante]

= For general N and D, not clear if list of currently-known gaugings is complete



Gauged supergravities— Why?

@ Arise naturally in string compactifications with fluxes

@ Admit non-trivial potentials — possible to have nonzero cosmological constant
(guidance on how to extend double copy to non-Minkowski backgrounds?)

@ Interesting physical features: massive gravitini, spontaneously-broken
supersymmetry, non-compact gauge groups...

@ From amplitude perspective, important step towards classification of all
double-copy constructible theories

Are all gravities double copies?? [See talks by Nagy, Anastasiou]

@ Potential for extending recent progress in YME amplitudes
[MC, Giinaydin, Johansson and Roiban, 2014, 2017]
[Cachazo, He and Yuan, 2014]
[Casali, Geyer, Mason, Monteiro and Roehrig, 2015]
[Stieberger and Taylor, 2016]
[Nandan, Plefka, Schlotterer and Wen, 2016]

[Fu, Du, Huang and Feng, 2017; Teng and Feng, 2017]
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gauged supergravity < spontaneously-broken SUSY
(with Minkowski background)

On general grounds, the gauging procedure turns on the amplitude

M (1, 245, 3A%) = igetivl' v, + O(gR)

@ notinvariant under a linearized supersymmetry transformation
Vig = Vi + 1’31#6

@ gravitino must become massive to account for the right number of physical
polarizations

Idea: consider simple double copies with massive fermions / W bosons
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Spontaneously-broken double copies

Spontaneously-broken double copies [MC, Giinaydin, Johansson, Roiban, 2015]

introduce gauge-group representations other than adjoint
Divide gauge-theory spectrumas Vs @ Vg, @ Vg, @ . ..
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Spontaneously-broken double copies

Spontaneously-broken double copies [MC, Giinaydin, Johansson, Roiban, 2015]

introduce gauge-group representations other than adjoint
Divide gauge-theory spectrumas Vs @ Vg, @ Vg, @ . ..

GT

GT2

= Sugra states associated to gauge-invariant bilinears of gauge-theory states
(Massive states in matter representations)
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Spontaneously-broken double copies

Spontaneously-broken double copies [MC, Giinaydin, Johansson, Roiban, 2015]

introduce gauge-group representations other than adjoint
Divide gauge-theory spectrumas Vs @ Vg, @ Vg, @ . ..

GT

GT2

= Sugra states associated to gauge-invariant bilinears of gauge-theory states
(Massive states in matter representations)

Cubic graphs in presentation of the amplitude carry extra information:
internal and external lines are labelled by matter gauge-group representation

fabeftde __ patehie | radechte _ g
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Spontaneously-broken double copies

Gauge theory 1
Spontaneously-broken
gauge symmetry

e Massive vectors in matter reps

Gauged supergravity

o Massive gravitinos

Gauge theory 2
Explicitly-broken SUSY

e Massive fermions in matter reps
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Spontaneously-broken double copies

Gauge theory 1
Spontaneously-broken
gauge symmetry

e Massive vectors in matter reps

Gauged supergravity

o Massive gravitinos

Gauge theory 2
Explicitly-broken SUSY

e Massive fermions in matter reps

@ Similar building blocks wrt double-copy construction for Higgsed
supergravities

@ Need to ensure that theories involved obey C/K duality

@ Massless limit needs to reproduce known ungauged construction

In the following, we consider a simple realization of this framework
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Generic Family of ' = 2 Maxwell-Einstein sugras

Infinite family of Maxwell-Einstein theories
@ Canbeseen as truncations of ' = 4 (orin some cases N' = 8) ungauged
supergravity

@ Symmetricspacesin4Dand 5D [Giinaydin, Sierra and Townsend]

~S0(1,n—1)

50(2, n) su(,1)
Mso = =500 )

x SO(1,1), M= so(n) x s0(2) * U()

@ Simple double copy realization with purely-adjoint gauge theories
[MC, Giinaydin, Johansson and Roiban, 2014]

(N =2sYM) ® (YM + ng)

@ Straightforward extension to YME theories by adding trilinear scalar couplings
in the non-supersymmetric gauge theory
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Summary of (N = 2sYM + hypersR) ® (YM + fermionsR) double copies:
DR
[MC, Giinaydin, Johansson and Roiban, 2015]

— Luciani model —

— Generic non-Jordan Family —
— GenericJordan Family —

R

C

» Theories identified from symmetry considerations and 3pt amplitudes
» Related work: homogeneous supergravities with hypermultiplets
[Anastasiou, Borsten, Duff, Marrani, Nagy, Zoccali, 2017] [See Anastasiou's talk]
DC construction for “twin supergravities"
[Anastasiou, Borsten, Duff, Hughes, Marrani, Nagy, Zoccali, 2016]
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Asimple realization

Gauge theory 1: Unbroken Lagrangian

1 1 1 1
:*Tl"[—*FVF’W—fD IDM G £ —[7. B2
,Co gZ 4 H 2 #(b ¢ +4[¢7¢]

Consider Coulomb-branch vacua:

1 1
(") = V* xdiag(NlN,—MlM> a=1,...,n

V?is a constant vector. The VEV breaks SU(M + N) — SU(M) x SU(N) x U(1).
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Asimple realization

Gauge theory 1: Unbroken Lagrangian

1 1 1 1
:*Tl"[—*FVF’W—fD IDM G £ —[7. B2
,Co gZ 4 H 2 #(b ¢ +4[¢7¢]

Consider Coulomb-branch vacua:
(") = V" x diag(ll,\, —llM> a=1 n
N ) M PR
V?is a constant vector. The VEV breaks SU(M + N) — SU(M) x SU(N) x U(1).

Amplitudes can be obtained from higher-dimensional massless theory in which some fields
are assigned compact momenta (c/k duality manifest in this formulation)
[MC, Giinaydin, Johansson and Roiban 2015; Craig, Elvang, Kiermaier and Slatyer, 2011; Naculich, 2014-15]

Spectrum CTy : {Ai7 ¢“}g &) {Wg, sOS}R 2] {Wﬁ, @S}ﬁ
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Asimple realization

Gauge theory 2: start from pure A/ = 2 sYM and give a VEV as before
() = V> x diag(ll —1—! ) =256
N N> M M 9

@ Conjugation by v = diag(ly, —Im) is a symmetry of the Lagrangian; we may
truncate fields not invariant under the transformation

1

A= YA, xe =y, e ey
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Asimple realization

Gauge theory 2: start from pure A/ = 2 sYM and give a VEV as before
() = V> x diag(ll —1—! ) =256
N N> M M 9

@ Conjugation by v = diag(ly, —Im) is a symmetry of the Lagrangian; we may
truncate fields not invariant under the transformation

1

Au=r AT X =T e ey
The resulting theory has explicitly-broken supersymmetry and Lagrangian:

1 1 1 1
Lo = —T&r[— CFu P — 2D 0aD o + [0, 98]
N=2 7 2 5 opPalt ¥ + 4[90 @]

i 1.
+ EXF”D/LX +oxr [0a + <%>7xl]

Spectrum GCTR : {Ai, @a}g & {X}ﬁ ® {Y}’R

Marco Chiodaroli (Uppsala Universitet) Gauged supergravities from the double copy Dec12,2017 9/15



Asimple realization

General 5D Maxwell-Einstein N = 2 supergravity (bosonic terms)
[Giinaydin, Sierra, Townsend 1984]

R 1 1 e’
. . g X AP AK
eTL = = = (PP S0y ()0 e N P

@ ny vector multiplets (A’;“ A, apx) X, y=1...,ny
graviton multiplet (hy.u, 9y, AS) ] =0,...
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Asimple realization

General 5D Maxwell-Einstein N = 2 supergravity (bosonic terms)
[Giinaydin, Sierra, Townsend 1984]

R 1 1 e’
—1 _ T I puv _ X pvpoiel  f K
e L = 2 4aU((p)F,u,uF Zﬂxy(sf’)amﬂ o ‘{?yJFG\/gCUKG F,u.quO'A)\
@ ny vector multiplets (A’;“ A, apx) X, y=1...,ny
graviton multiplet (0, 1y, AS) 1] =0,...,ny

@ All quantities in the Lagrangian expressed in terms of sym tensors Cjjx through associated cubic
polynomial

2\3/2 ¢ ¢k . . 1
N(g) = (;) Cik€'€'6" <« Ambientspace coordinates &

. o g
ay = 23131 InN(§) M) gy = dpOx§ 0§

= Theory is uniquely specified by cubic interactions <
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U(1)g supergravity gauging

[Glinaydin, Sierra, Townsend, 1984; see also Freedman and Das, 1977]
@ Covariantize derivatives acting on fermions:

DV, = V,V, +gVA, WV,

Specifies U(1)
gauge boson
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U(1)g supergravity gauging

[Glinaydin, Sierra, Townsend, 1984; see also Freedman and Das, 1977]
@ Covariantize derivatives acting on fermions:

DV, = V,V, + VA0V,

@ Add terms to 5D Lagrangian to preserve SUSY:

ivé

55_——ng TR 5Py — GR N iy [ 6iiPa + gR)\ NPy — g5P®)

\f

Scalar functions expressed in terms of V;:

\f

Po(p) = V2hVi ,  Polp) =2h'V; ,
1
Pab(@) - Efsabpo + ZﬁTabrpca Tabc - CIJK h,uhiyhf
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U(1)g supergravity gauging

[Glinaydin, Sierra, Townsend, 1984; see also Freedman and Das, 1977]
@ Covariantize derivatives acting on fermions:

DV, = V,V, + VA0V,

@ Add terms to 5D Lagrangian to preserve SUSY:

ivé

55———ng rw 5P — ZE X Tryi [ 6iiPa + gR)\ NPy — g5P®)

\f

Scalar functions expressed in terms of V;:

\f

Pa(0) = VZhaVi ,  Polp) = 2h'Vi
1
Pab(@) = Efsabpo + ZﬁTabrPC7 Tave = Cix h,uhi;hf
@ Simplest gauging with identically-vanishing potential

(i)

PR) = —(Py)24P,P =—4C" Vb =0 — = (0,1,£1,0,...,0)
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Asimple realization

@ Redefine the massive gravitini

gi :\Ui _ i ru)\iﬂ&_F \/ED (P“A?>
: oV Po  grPo Po
Goldstino field ' = AP, /P, no longer appears in the Lagrangian. All other
fermionic fields have masses

m = £gg

@ Dimensionally reduce to 4D. To obtain diagonal kinetic terms, dualize the
vector from dimensional reduction of the graviton and use linear field
redefinition involving vectors.

@ Use massive spinor-helicity formallsm to compute some amplitudes and
compare with double copy; p; = p;- z';:,qu
[Craig, Elvang, Kiermaier and Slatyer, 2011]
[Arkani-Hamed, Huangz, 2017]
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Asimple realization

Supergravity states realized as double-copies. Bosonic states:

AT = Aoz, 2= (¢ +i9%)/V2,
AS = AL®Z, +iAl, = ¢' @ AL,
AL, = ¢RAL

Fermionic states:

Yu %) v
=W, @x - W@ (2 2y
Eu n® X O3 ~3,)7 X
E=W, ®7"x, (UN =9 @ x.
Double-copy origin of U(1)r gauge boson
Y S+ PRA
T = + @y T RAL
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Asimple realization

Supergravity states realized as double-copies. Bosonic states:

AT = Aoz, 2= (¢ +i9%)/V2,
AS = AL®Z, +iAl, = ¢' @ AL,
AL, = ¢RAL

Fermionic states:

Y ip
=W, ®x — Wwéé(;“—ﬁ)v”x,

E=W,®7x, (UN =¢ @x.

Double-copy origin of U(1)r gauge boson
A = AL (D) £ (P A

uplift to 5D as scalars
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Asimple realization

Sample amplitudes

1
Ma (164, 26-,341) = —x/iimﬂv1<<12LZ>>7
_ o
it 36 Va9 1o

with Q = [3111F /(124 [2437))
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Asimple realization

Sample amplitudes

1
M5 (16:,26,3A) = —V2imQv_ <<i2§ 7
B} . L
Ms(1€+, 26 3AL ) = V2imQV [[zLZ]] . 1=0,...n

with Q = [3111F /(124 [2437))

» Magnitude of the gauge-theory VEVs < fermions’ masses
» Direction of the gauge-theory VEVs < supergravity vector V4

Vo = (0,m), V&= (0,£m,o0,...,0)

» Explicit mass dependence from Lagrangian “conspires” with mass dependence
from fermion wave-functions
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Conclusions

Conclusions:

* From double-copy perspective, U(1)r gauging corresponds to simple massive
deformation of gauge theories involved. With Minkowski vacuum, gauging related
to spontaneous SUSY braking.

* Straightforward to consider gauge theories with various amounts of
supersymmetry; U(1)r gaugings for A = 4, 6, 8 supergravities.

* More involved procedure for non-abelian gaugings; same basic structure expected
v, =W,®x.

* Holy grail: gauged version of N' = 8 sugra with Minkowski vacuum.
[Glinaydin, Romans, Warner, 1985]

* Are all supergravities double copies?

Thank You!
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