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This talk 1s about the consequences of U(1)-orientating a theory...

N = 8 (maximal)

. 4D supergravity
magnetic

W

electric
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R-symmetry : U(1) yes or no?

- Dimensional reduction of 10D SYM produces N=4 SYM [ Brink, Scherk & Schwarz 76 ]
i=1,..4 Lip = —3F?+i)\ DN + 5(Doij)?
_ 25 » —L W\ + c.c)
Liop = —sF*+ L XD TAVEEDIPY
i ; 1.2 . 2
49 (f szg Qbkl)
> Realjty condition on the 6 scalars : reduction = fermi masses + scalar potential
o5 = ¢ = 1V oy R-symmetry group is SU(4) and not U(4) !!

[ Cremmer & Julia ‘78, 79 ]
- Analogous results for N=8 gauged SUGRAs from M/Type II reductions with fluxes

. .. [fHHQ,,Fp,w,...]
> Reality condition on the 70 scalars :

Cb}k’JKL — CbUKL — ﬁ 6UKLMNPQchNPQ R-symmetry group 1s SU(8) and not U(8) !!

I=1,....8
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28-dimensional gauge symmetry group G C E-



An extra U(1l) in N=8 gauged supergravity

Gauge fields : The theory contains 56 = 28 (electric) + 28 (magnetic) vectors spanning a

28-dimensional gauge symmetry group G C E-

[ Dall’ Agata, Inverso & Trigiante ‘12 ]

- Recently, an extra U(1) rotation outside the R-symmetry group SU(8) has been identified
and used to orientate (G inside the Sp(56) group of electromagnetic transf.

A
Sp(56) G gauge group
magnetic ' Covariant derivative :
vectors | » | |
W Dugb _ a’u¢ 4 (COSCU Algelectrlc) 4+ sinw A’&magnetlc)) ¢
>

Sp(56)
electric vectors

> Therefore :  w =0 (electric) , w =5 (magnetic) and 0<w <35 (dyonic)



There 1s a one-parameter family of new maximal supergravities !!

...s0 what are the consequences of this U(1) ??



In this talk we will :

1) use the embedding-tensor formalism to compute the w-dependent scalar potential and

analyse its critical points
[ de Wit, Samtleben & Trigiante "07 ]
[ Dall’ Agata, Inverso & Trigiante ‘12 ]

[ Borghese, A.G , & Roest ‘13 ]

2) compute fermion mass terms to track singular solutions

[ Borghese, A.G , & Roest *12, ‘13 ]

3) build BPS domain-wall solutions
[AG, ‘13 ]



An w-family of new maximal supergravities :

scalar potential & critical points
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Gaugings, embedding tensor & scalar potential

Gauging procedure : Part of the global E7 symmetry group 1s promoted to a local
symmetry group G (gauging)

Embedding tensor : It is a “‘selector” specifying which become gauge
symmetries G and then will have an associated gauge field

AN = oM, 10w [AM AN) = XMNL AP with XMV, =M, [N,
(M =1,...,56]
la=1,...,133]

Scalar potential : Straightforward once the embbeding tensor O o(w) 1s known

1
V = o Xunp Xors (MY MYEMPS 4+ 7MY QNEQPT)

where M (¢) € 55(78) contains the 70 scalar fields of the theory



Truncating the scalar sector: 70 scalars are intractable

- Truncate most of the 70 scalars and look for critical points of V(¢) with large
residual symmetry groups G, C G

Some relevant truncations :

—>
—>

Simple and interesting!!

- the Go = G2 1nvariant sector N =1, 2 real scalars

- the Go = D4 x SO(4) 1nvariant sector N =0, 2 real scalar

- the Go = SU(3) invariant sector » N =2, 6 real scalar

(last part of the talk)



[ Dall’ Agata, Inverso & Trigiante ‘12 ]
[ Borghese, A.G & Roest ‘12 ]

Example 1 : G2 mnvariant sector of G = SO(8)

crtical pomt | residual sym G SUSY Stability

¢ > || O
[

=

I

AN PSR I




[ Dall’ Agata, Inverso & Trigiante ‘12 ]
[ Borghese, A.G & Roest ‘12 ]

Example 1 : G2 mnvariant sector of G = SO(8)

> Mass spectra insensitive to w critical pomt | residual sym G SUSY Stability
o SO(8) N = v

> %—periodicity with transmutation of SO(7)+ O SO(7)_ N = X
% SO(7) 4 N = X

> Runaway of points at w =mn 7 A G N = Ve
g Go N =0 v
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Example 2 : D4 x SO(4) 1nvariant sectors of G = SO(8) [ Borghese, A.G & Roest ’13 ]

- Three embeddings SO(4), s . related by Triality :

1) the vectorial embedding : 8y = (1,1) + (3,1) + (1,1) + (1,3)

critical point | residual sym Gy SUSY Stability
o SO(8) N = v
* SO(4), N =0 v

> NO w-dependence at all !!

[ Warner ’84 ]
[ Fischbacher, Pilch & Warner ’10 ]
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Runaway... but where to?

[imitation : If looking at the scalar potential, then the critical points are
prisoners of the theory (gauging)

Hope : “Sit on top” of a critical point and travel with it to see what happens...

Answer : It wants to migrate to a different theory (gauging) » the fermion
masses can be used to monitoring its story !!

[ Borghese, A.G & Roest "12, ’13 ]



Fermion mass terms as solution trackers




Tracking solutions using fermion masses

Going to the origin : If a critical point is found at ¢ = ¢g with a residual symmetry Go ,

it can always be brought to ¢9 = 0 via an Er-transformation N
[ Dibitetto, A.G & Roest’11 ]

[ Dall’ Agata & Inverso "11 ]
[ Kodama & Nozawa ’12 ]

Applicability : After going to the origin, the quantities in the theory, e.g. fermi masses,

will adopt a form compatible with Go
[ Borghese, A.G & Roest "12, 13 ]

................................................................................................................................................................

\/_ y 1 I = .
Efermi — »AIJ w 7“ %b ‘|‘ EAIJKL wﬂ ’7“ XJKL: + -AIJK LMN X]JK XLMN

...............................................................................................................................................................

gravitino-gravitino gravitino-dilatino dilatino-dilatino
mass mass mass (dependent)



Example : Critical point with Go = D4 x SO(4)s (%)
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Example : Critical point with Go = D4 x SO(4)s (%) Lo .

A
; (|
05f * ]
e
< oo} O
& _
. _o5sk ]
- Pattern of fermi masses : R o
~10k . : : A
-10 -05 00 05 10
[T —i®1] 2
i) gravitino-gravitino mass A"/ (¢o) =Y AT =q 7 ., AT =q Y
N . o KL A = gedR | AT = 5 M 4y 5Z[J5k]l
ii) gravitino-dilatino mass A;""%(¢9) =P . . . - S
A%] — _5 6%jkl ’ A%] ) E:L-jk'l 1 v 5%J5k:]l

> Four parameters a, 3,7v,0 € C



Example : Critical point with Go = D4 x SO(4)s (%) e

—
: 3
05f * ]
e
< oo} O
:'x.
. _o5sk ]
- Pattern of fermi masses : F X e
~10k . : : A
A -10 -05 00 05 10
[ I —i P 1] 2
i) gravitino-gravitino mass A’ (¢g) = AT =qa 57 | AT =q 5V

ikl jkl J sk
Ai] = f qujkl ; .AZ'J = 9 Ei]kl + 5z[ 5k]l
AR — 3 e dkl CAIR — e dkl NI sl skl
(/ 1

5 7 i

ii) gravitino-dilatino mass A;75%(¢y)

> Four parameters a, 3,7v,0 € C

Solving QC & EOM : One-parameter family of theories compatible with Gy = SO(4);

a(8), 5(0),~(0), (0)



An excursion through theories (gaugings)

- The whole story of a solution preserving
Go= SO(4), can be tracked
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An excursion through theories (gaugings)

- The whole story of a solution preserving
Go= SO(4), can be tracked

i) 0<0<Z — G=S50(@)

[ unstable AdS4 solutions ]

V(0)

15+

10+

m*1>

O W n
T | —




An excursion through theories (gaugings)

- The whole story of a solution preserving
Go= SO(4), can be tracked

i) 6= — G=S50(2)xS0(6)xT"

[ unstable AdS4 solution ]




An excursion through theories (gaugings)

- The whole story of a solution preserving

Go= SO(4), can be tracked
0
S
=
i) §<0<i — G=50(6,2) ISt
[ unstable AdS4 solutions | c\.lq 10}
(‘\lS 5|
3
0t
-3
—5L




An excursion through theories (gaugings)

- The whole story of a solution preserving
Go= SO(4), can be tracked

w) §=7 — G =S50(3,1)* x T

s
4

| Mkw solution with flat directions]




An excursion through theories (gaugings)

- The whole story of a solution preserving
Go= SO(4), can be tracked

v) T<H<T = G=S50(4,4)

[ dS4 solutions with tachyon dilution]

[ Dall’Agata & Inverso *12]



The SU(3) mvariant sector & BPS Domain-walls




The SU@3) invariant sector

- R-symmetry branching : 8 +1+1+3+3 » N =2 SUSY

gravitini ¢ZL — ?ﬂi , P ,1l , Y @bz
[ Warner ’83 ]
- Scalars fields : 70 — 1 (x6) 4+ non-singlets » 6 real scalars
| . (v = A Gia )
Sealdrs w1 = N (e%cosfcosy) —e sinfsiny)
wy = N (e@cosfsiny +e "Psinfcosyp)

[A,a,x,¢,e,w]

- N =2 supergravity coupled with 1 vector + 1 hyper

SL(2)  SU(2,1)
S0(2) ~ S5U(2) x U(1)

(A, @) (A5 ¢,0,7)

Mscalar —




N = 2 superpotentials & scalar potential [Ahn&[‘zog (1"3)}
Superpotentials = mass terms for the two SU(3)-singlet gravitini @D}L and wi
Wy = e™ AE + e AU or Wi = e™ A?E + e Ai_i

Fermi mass terms:

Al = 36120729) cosh(A) sinh?(A) sinh®(2X) + cosh®(\) f(N, ¢)
A = 2ei@t29) ginh(\) cosh®(A) sinh?(2)\) + @ sinh®(\) f(N, ¢)

where f(X,¢) = cosh(\) + ¢%¢ sinh*(\') and with AL obtained by ¢ — —¢

: | I ‘ 1 : ‘
Scalar potential: V(X a, N, ¢) = ¢? % O] + > OV > — 6 |V
I 2 ) 9 2 ; _—
= ¢* | = (O\|W])" ‘ ‘ Oa| W)~
[ g 3 (W)™ + 3 cosh?(\) sinh?(\) (Gal W]
W =W; or Wj j 1 ) 1 X
— (O |W)° ‘ ‘ Dp| W)™ — 6 |[W|?
i 2 O+ 2 cosh?(\) sinh?(\) (0s1V1) W



V(A7 &7 A,7¢) —

= = (22 = [4 ((c2 +1) cosh(6) sinh2(2\) (19 cosh(4\) + 21)

— 4sinh(2)) (2 sinh?(2\) cos(4¢) sinh*(2\") ((02 — 1) cos(3ar) — 2c sin(3a))

sinh2(2)\) (3((;2 ~ 1) cos(a) ( cosh(4\) (3 cosh(4)\) + 2 cos(26) + 3)

cosh(4)\') — 6 cos(2¢) — 7) + sinh2(2)) (cosh(4)X) + 3) ((02 ~ 1) cos(3a) — QCsin(Soz))
6 ¢ sin(a) ( cosh(4\) — 2 (cosh(4X) — 3) cos(26) — 7))

3sinh2(4)\) (30 sin(a) cosh(4)) — (¢ + 1) cos(2a) sinh(4)) COS(qu)) ))

32 (¢? + 1) cosh®(2)) cos(4¢) sinh* (2))

+ + 4+ 4+ + o+

3(c? + 1) cosh(2)) <3 (cosh(8\) —45) — 124 Cosh(4)\’)>

— 192 sinh(2)\) cosh?(2)) cos(26) sinh?(2)\) cosh(4)) ((c2 ~ 1) cos(a) — zcsm(a))] .

e D
w = Arg(1 + ic)
N y




[ Warner 83 84 |

Critical pOlIltS at w =20 [ Bobev, Halmagyi, Pilch & Warner "10 ]

- Reduction of 11d supergravity on AdS4 x S’ with a round, squashed, stretched or
warped 7-sphere (SE7) and 4-form flux

[ Nicolai & Pilch *12]

SUSY | Symmetry Cosm. constant | Stability

N = SO(8) —6 (x1) v

N =2 ] SU(@3) x U(1) —3v/3 (x1) v

N = G 26, 23 (x2) | v

—2v5vV5 (x1

N = SO(7) VEVE (<) | X
—2/5 (x2) X

N =0 SU(4) —8 (x1) X




[ Warner 83 ’84 |

Crltlcal pOlntS at W = O [ Bobev, Halmagyi, Pilch & Warner *10 ]

- Reduction of 11d supergravity on AdS4 x S’ with a round, squashed, stretched or

warped 7-sphere (SE7) and 4-form flux [ Nicolai & Pilch *12]

SUSY | Symmetry Cosm. constant | Stability Lifting to 11d
N — SO(8) _6 (X 1) / Ef;rel.lmdf 8,‘ R']ubin '80]
nglert ‘82
N — SU(S) X U(]‘) _% 3 (X ]‘) / [Corrado, Pilch & Warner '01]
N =1 Go —% \/%\/g (XQ) v [de Wit, Nicolai & Warner '85]
. = =
N _ SO(?) 2\/0\/3 (X ]‘) X [Engle.rf '>;<2] o
_%\/g (X 2) 5 [de Wit Nicolai '84]
N — O SU(4) —8 (X ].) X [Pope & Warner '85]




Critical points at w = 0

[ Warner 83 ’84 |

[ Bobev, Halmagyi, Pilch & Warner *10 ]

- Reduction of 11d supergravity on AdS4 x S’ with a round, squashed, stretched or

warped 7-sphere (SE7) and 4-form flux

[Jafferis, Klebanov, Pufu & Safdi '11]

[Donos & Gaunlett '11]

[Bobev, Halmagyi, Pilch & Warner '09]
[Corrado, Pilch & Warner '01]

[Ahn & Woo '00]

[Gauntlett, Sonner & Wiseman '09]

SUSY |  Symmetry Cosm. constant | Stability
N = SO(8) —6 (x1) v
N =2 | SU@3) x U(1) —2V3 (x1) v
N = Gs 26, 23 (x2) | v
_2 4 4 1

N = SO(7) VBB (x1) | x

—2/5 (x2) X
N = SU(4) —8 (x1) X

[ Nicolai & Pilch *12]

Lifting to 11d

[Freund & Rubin '80]
[Englert '82]

[Corrado, Pilch & Warner '01]

[de Wit, Nicolai & Warner '85]

[Englert '82]
[de Wit Nicolai '84]

[Pope & Warner '85]



Critical points at w = 0

[ Warner 83 ’84 |

[ Bobev, Halmagyi, Pilch & Warner *10 ]

- Reduction of 11d supergravity on AdS4 x S’ with a round, squashed, stretched or

warped 7-sphere (SE7) and 4-form flux

[Jafferis, Klebanov, Pufu & Safdi '11]

Donos & Gaunlett '11]

Bobev, Halmagyi, Pilch & Warner '09]
Corrado, Pilch & Warner '01]

Ahn & Woo '00]

™ T MY ™M

[Gauntlett, Sonner & Wiseman '09]

SUSY Symmetry Cosm. constant | Stability

N = SO(8) —6 (x1) v

N =2 ] SU(3) x U(1) —24/3 (x1) v

N = G U6, 2B (x2) | v

_2 = = 1

N = SO(7) VEVE (<) | X
—-2V5(x2) | x

N = SU(4) —8 (x1) X

- AdS/CMT applications : Holographic superconductivity

[ Nicolai & Pilch *12]

Lifting to 11d

[Freund & Rubin '80]
[Englert '82]

[Corrado, Pilch & Warner '01]

[de Wit, Nicolai & Warner '85]

[Englert '82]
[de Wit Nicolai '84]

[Pope & Warner '85]

[ Gauntlett, Sonner & Wiseman ‘09]

[ Donos & Gauntlett *11]



Critical points at w # 0 [ with purely electric counterpart ]

[ Borghese, Dibitetto, A.G , Roest & Varela’13 ] SUSY Go Vo Ll Wil Ao Qo Ao % Stability
[ A.G’13] N =8 SO(8) —6 1 1 0 0 0 0 v
0.1717 +1
N =2 |SU(3) x U(1) | —8.354 | 1.180 | 1.180 | 0.315 0375 0 v
1.3297
0373w
0.3737
1.3737
1.151* | 1.409
1.127w
1.1277
0127w
N =1 Go —7.943 0.329 0.329 v
—0.373w
0.3737
—1.373w
1.409 | 1.151°
—1.127%
1.1277
—0.127w
0
0
—6.748 | 1.232 | 1.232 | 0.210 0.210 w
-3 +3
N=0 SO(7) - . X
0
T
=7.771 | 1.322 | 1.322 | 0.320 0.320 T
x 4z
0
T
N =0 SU(4) —8.581 | 1.553 | 1.553 | 0.115 0.488 w X
* Example at w = /8 z +3




Critical points at w # 0

[ Borghese, Dibitetto, A.G , Roest & Varela’13 ]

[ AG’13]

\_

1) w-dependent!
2) non-susy
3) fully stable

STABLE

* Example at w = /8

| without purely electric counterpart |

SUSY | G Vo Wil | Wi | Ao ao A do Stability
_r
1.083* | 1.327 3_"
N=1| G | 700 0242 -2 |o0242}—= v
1.327 | 1.083* L
_3x
4
=
1.316* | 2.632 :
_3x
N =1]|8U(3) | —10.392 0275 3 |0.573 - v
_r
2.632 | 1.316* 3“
3
3
2762 | 1.595 | 0.467 | 3 | 0.467 :
_T
N=0| G |-=10.170 - v
_3x
1.595 | 2.762 | 0.467 | 3= | 0.467 .
®
1
0.7857
0.7027
1.7857
2.747 | 1.467
—0.2857
0.7987
. L —1.2857
N =0|SU(3) | —10.237 0.400 0.512 STABLE
—0.785m
0.7027
—1.7857w
1.467 | 2.747
0.2857
0.7987
1.2857




. [ Ahn & Woo 01 °09 ]
BPS domaln'walls at W = O ‘) [ Bobev, Halmagyi, Pilch & Warner 09 |

[ N=8 & 50(8))

\4

( N=2 & SUB3)xU(1) j




BPS domain-walls at w #= 0 ?

[ AG’13]

( N=2 & SUGXU(1) ]




BPS domain-walls at w #= 0 ?

[ AG’13]

A
A
A
-
A
A
A
Al
A
Q‘




Flow equations CAG13]

- Domain-wall ansatz :  S..qar = / d*z/— ( R — —K (0,5 (0"Y7) — V(Zi))

ds* = A zdrda® 4+ d2*  with 1,5 = diag(—1,4+1,+1)

(6 0 0 0 \
: . 0 2sinh?(2)\) 0 0
where Yi= (\,a,N,¢) and K= > SiInh™(2))
A 0 0 8 0
\ 0 0 0 28i11h2(2/\’) )

- Energy per unit of transverse area ' Skenderis & Townsend 99 |

EDH-"'(Aa Zl) — _% SDW'(An Zz)
= 3 [T dze [—6(0.A)° + Kij(9.59)(9.59) + 2V (2 ]

- First order flow-equations :

2 2
o\ = igi&\\W! , O,a = =g V2

Ou|W| |
3 cosh?(\) sinh?(\) W]

V2 W]

N = —6’ W , O, = =+ 0
v W] ¢ g3cosh2()\’)sinh2()\’) 4

NG




Some numerical BPS results CAG 13

- DW with purely electric counterpart: N=8 SO(8) @ UV to N=2 SURB)xU(1) @IR

0.4f

1.18F 1.18
03l 1.15 1.15
| 1.12} 11.12
~ 02 = 109} 11.09
[ 1.06 11.06
0.1:- 1.03} 11.03
0.0: | 1 :
0.0 Z

- Genuine DW without purely electric counterpart: N=8 SO(8) @ UV to N=1 SU(3) @IR

05 % \\\\\\\\%

L ///
L _— )

/ g
\ [ ] 1
" [ [/ |
| P )
I || Ny /] / ]

| | ] |l f [ {/]] {/

0.2
0.1 \

[ \ l" | | ll " I' lﬁ [ l“ t|| ', l'l' |'l '/|'| v', [l 1""""""‘:
0.0 ) { | | LT
00 01 02 03 04 05 06

A

» Lifting to 11d supergravity?? , What about dual RG flows ?? [ Tarrio & Varela "13 ]



Final remarks

- Electromagnetic U(1) rotations pick up a physically relevant direction in the space of
the embedding tensor deformations and provide new vacua of N = 8 supergravity

- Small residual symmetry groups like SO(4) & SU@3) show w-dependent mass spectra.
restores %-periodicity.

™

- Critical points running away at w = n 7 1n one theory, show up in another. The entire
story of a solution can be tracked by computing fermi masses in the GTTO approach

- Tachyon dilution around AdS/Mkw/dS transitions == stable dS in extended SUGRA ?

- Dyonic BPS domain-walls can be constructed ==» BLG interpretation ?

- Lifting to M-theory including vectors from Az and Ae ?

[ Nicolai & Pilch ’11 ]
[ de Wit & Nicolai ‘13 ]



Thanks for your attention !!



