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Supersymmetric Objects

()

Quantum gravity is intrinsically non-perturbative — extended objects

in the UV (strings, branes, KK monopoles, O-planes...).
Supersymmetry is necessary for stability — BPS objects.
Low-energy regime — D = 11, 10 supergravities.

The physics of BPS objects is captured by classical solutions.

Consistent truncations to low dimensions — Many supergravities for d

and V.

Gauged supergravities — Moduli stabilization and AdS, vacua.
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The AdS/CFT Correspondence

o Some branes (or their intersections) include closed string AdS vacua in

their near-horizon.

o AdS/CFT correspondence: Dual description of AdS string vacua as
the RG fixed point of the QFT living on the worldvolume of the brane.
This fixed point is given by a strongly-coupled SCFT in the large NV
limit and corresponds to the near-horizon limit.

[Maldacena. 1997.] [Witten. 1998.].

o Consistent truncation to a d-dimensional gauged supergravity —
RG flow across dimensions, conformal defects...
[Boonstra, Skenderis, Townsend. 1998.] [Maldacena, Nunez. 2000.]

[Karch, Randall. 2001.].

Teheran, 07/05/2018 3/26



Outline

o RG flows across dimensions and defects.
o Minimal d =7, N =1 gauged supergravity.

o Solutions with non-trivial 3-form gauge potential.

©

M-theory uplifts and dyonic membrane.

©

AdSs slicing and truncation from massive lIA.

©

Holographic conformal defect SCF T3 within the A" = (1,0) SCFT.
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RG Flows Across Dimensions and Defects

Two complementary interpretations of some SUSY solutions in a

d-dimensional gauged supergravity:
o RG Flows : AdS; — AdSp42 X Mg_p_ are dual to
SCFT4;_1 — SCFTp+1. [Maldacena, Nunez. 2000.].

ds? = eQU(T)dsf{Lp + 2V ar? 4 ezW(T)dsgl_p_Q .

o Defects: Asymptotically AdS; warped solutions AdS, 2 X Mg_p—2
are dual to a defect SCFT,,1; within the SCFT;_; dual to the

boundary. [Karch, Randall. 2001.].

ds?l = eQU(T)dszAdS + 2V ar? 4 eQW(T)ds?lﬂ%3 .

p+2
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Minimal d = 7 Gauged Supergravity

o N =1, d =T supergravity multiplet: (g,.,X, B(3),AZ).

o 16 real supercharges preserved and R-symmetry SU(2)x.
o Global symmetry: Gy = R% x SO(3).
o Gauging:

» SU(2) gauge group realized by A?, with gauge coupling g.
» Chern-Simons mass  for the 3-form Bs).

o Scalar potential:

Vo(X) = 2p2 X% — V29 X3 — 24° X2,

— 1 SUSY AdS; vacuum: X =1 and h = 2\%.

[Townsend, van Nieuwenhuizen. 1983.]
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The Lagrangian

1
-2 4
L=Rx*7l-5X *de/\dX—fX *().75()/\.75(4)—V

1
—§X (7)./T /\PZ h}—(4)/\B()—|— .7:Z /\Pz /\B(3)

Fluxes:
Fio—dA — ik gl A A% and  Fou =dB
2) 2 (1) (3) -

Odd-dimensional self-duality condition:

4 ! L i

[Townsend, van Nieuwenhuizen. 1983.]
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The SUSY Variations

—1
St = Vil + g (4)%, ¢+ i o 1075 (W = 8e ") (F2ymn) ", ¢"

X? mnpq 8 m _npq a 1 a
+ﬁ o m _geu v ‘F(4)mnpqc _5f(X)’7,uCa

a \/5 — a ~X71 a X2 a X a
dex® = 2 X'9x¢ —Zﬁ(}-(z)) be+ 27\/5]:(4)5 - EDXfC :
BPS superpotential:

_ 1 —4
fX) = 3 (hX + \/§gX> ,
such that
_ 4 2 2 2
Va(X) = ¢ (X (Dxf? = 6£(X)?) .
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Backgrounds with Dyonic 3-form

o Metric:
ds% =2 ds%\h + V0 g2 4 2W() alsZE3
where M3 = {RY2, AdS;} and X3 = {R3, S3}.
o Odd-dimensional self-duality — Dyonic 3-forms:
Bsy = k(r) volp, + (1) volg; .

o SU(2) vectors in case of X3 = §3:

o Dilaton: X = X (r).
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Killing Spinors

©

Dirac spinor with 16 components organized in a SU(2) doublet of
symplectic-Majorana spinors (* satisfying a pseudo-reality condition.

Killing spinor in case of M3 = R? and X3 = R3:

©

¢ (r) = Y(r) (cos@(r) 1g + sinf(r) 7012) ¢

A; = 0: (§ constant spinor s.t. 3¢ = ¢¢ — BPS/2.
If M3 = AdS3 and/or X3 = S3: Hopf fibration on S and AdSs!

©

©

1
A% = — |63 + cos? 62403 + (d6 + sin 926103)2] .

A #0: 38 = ¢¢ and v (b = —i (%)%, ¢ — BPS/8.

©
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Explicit Flows

o Vanishing vectors A’ = 0:
> M3 =R?3 and 23 =R3.
» M3 =R? and X3 = S3. Asymptotically AdSy.

» M3 = AdS3 and X3 = S3. Asymptotically AdS;. Charged flow with
U(r)=W(r) and k(r) = I(r).

» M3 = AdS3 and X3 = S3. Asymptotically AdS; and IR AdS3 x T%.

o Running vectors with numerical integration:
» M3 =R? and X3 = S3. Asymptotically AdSy.
» Mz = AdS; and X3 = S3. Asymptotically AdSy.
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The Background M; = R!'? and ¥; = R?

BPS equations for U(r), W (r), k(r), I(r), X(r), Y(r), 0(r):

;1 v, (3cos(40) — 1) ;2 v, (cos(40) — 2)
v= 5 ¢ / cos(26) ’ W= 5° / cos(26)
1 (3cos(40) — 1) .
Y/ - VY / — _ 1%
10 ¢ f c0s(20) , 0 e’ fsin(260),
4f 3U+V 4fVH3W
K = —feT tan(20), I = feT sin(26) ,

2 sint @
X'=—Z2eYX (XDxf — 8f ——
5°¢ < xf = 8f cos(29)) '

XDxf+4f =0.
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The Flow for M; =R!? and ¥; = R?

o Gauge choice on the radial warp factor: ¥ = f~!

o Supersymmetric flow:

e?U" = sinh(47)'/® coth(2r), e?V = % sinh(4r)10/5 |
e®W' = sinh(4r)'/® tanh(2r), X = sinh(4r)%/5,
k = ﬁu l = —%27
2 sinh”(2r) v/2 cosh?(2r)
Y = sinh(4r)/20 coth(2r)/*, 9 = arctan (e?") .

o From the constraint on f(X) — Vy(X) = %X*‘l .

o No AdS7 asymptotics.
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Dyonic Membrane in M-Theory

o The M2-M5 bound state [Izquierdo, Lambert, Papadopoulos, Townsend. 1996.]:

ds3, = H 2P H'P ds2, o + HPH3ds2s + HYPH?3 dsk,

1 1
F(4) - 5 cos& x5 d H + 3 singalH_1 A volp1,2

(2
— BLN(@VOIR:s NdH
2H2

with H =sin?& 4+ H cos’¢.

©

H harmonic function on R® +— smearing of the M2 on the M5.

©

cos& = 0 — purely electric case: smeared M2 brane.

©

sin€ = 0 — purely magnetic case: pure M5 brane.
Near-horizon: AdS; x S%.

()
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M2-M5 Bound State and Dyonic 3-Form

o M-theory on T* with 4-form wrapping the 7% — V(X) = %X“l with

A'=0and g =0.
o Truncation Ansatz:
dst, = X~ 43ds2 + X°3ds2,
Fyy = Qvolpa.

o Reducing the dyonic membrane on a 7% in the R® as

dség, =dz? + ds?m with H=1+az.

o From the comparison, one obtains Q = h, o = Cgfg and
1 2 2
_lrcose  sine cosh(2hr) .

4hcos& + 4hcos&
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The Charged AdS; Flow

o M3 = AdSs3, ¥3=5%and U(r) = W(r), thus
ds? = 2V (alszAdS3 +ds%s) + 2V ) qr?
o It follows that k(r) = I(r), 6(r) = 0, Rads, = Rgs, thus
By = k(r) (volags; + volgs) and (" =Y(r)(.
o BPS equations:

2 Y
U/:gevfa le*@Vf?
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Explicit Flow with AdS; slicing

o Choose the gauge eV = —%XQDXf and the parameters h = %.

o Integrate the equations for r € (0, 1):

22U _ 21/ r\"? 2V _ 25 rf
R

9—1/16 r 1/8 ol/a g 5 1/2

X=r.

o UV regime: locally AdS7 with X =1 and F (40123 = F(4)3456 = 0.

o IR regime: Generic singularity. We want to give the physical

interpretation of this singularity!
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AdS;/CFTg in Massive I1A

o Massive type IIA with AdS; x,, S vacuum — N = 1 minimal gauged
supergravity ind=1"1. [Apruzzi, Fazzi, Rosa, Tomasiello. 2013.], [Passias, Rota,

Tomasiello. 2015.].
o Branes’ intersection NS5-D6-D8. [Hanany, Zaffaroni. 1998.], [Imamura. 2001].

o Non-lagrangian theory arising as the fixed point of the 6d worldvolume

QFT. [Hanany, Zaffaroni. 1998.].

o AdS7 X, 53 "near-horizon" of NS5-D6-D8 with 16 supercharges.

[Gaiotto, Tomasiello. 2014.], [Bobev, Dibitetto, Gautason, Truijen. 2016.]
o Dual to N = (1,0) SCFTg. [Gaiotto, Tomasiello. 2014.].
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AdSs Slicing and its Massive IIA Interpretation

We want to give an interpretation of our d = 7 charged flow as a
defect in the N = (1,0) SCFTs.

©

ds? = 2V (dsids3 + dszs) + eV () g2

o In the UV the solution is dual to the N' = (1,0) SCFTg: it describes
the near-horizon of NS5-D6-D8.

o What happens in the IR? The singular behavior and the dyonic profile
of F(4y in d =7 hints the presence of D2 and D4-branes filling the
AdS3 and intersecting the bound state NS5-D6-D8!

o We need a new explicit solution in massive IIA supergravity describing
a bound state D2-D4-NS5-D6-D8.
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The Brane Picture: the Intersection

o First step: Solution describing NS5-D6-D8 depends on two functions
S(z,r) and K(z,7) related to the D6 and NS5 on a background filled
by D8 branes. [Imamura. 2001] — H3 and F5 fluxes.

o Second step: Intersect NS5-D6-D8 with a D2-D4 bound state

wrapping two coordinates of the worldvolume. — Dyonic Fy flux!

branes H t oy ‘ p ol B ‘ z H ro 0l 62
NS5 X X|x x x xX|—-|- - -
D6 X X | X X X X |x|-=- - =
D8 X X | X X X X |—|x x X
D2 X X|=- = = —|Ix|= = =
D4 X X|=- - - —|—=|Ix X x
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The Brane Picture: Explicit Solution

o S(r,z) and K(r,z) — intersection NS5-D6-D8. [Imamura. 2001].
o "Non-standard" intersection with D2-D4 (see [Boonstra, Peeters, Skenderis.
1998.]).
ds?o = S~V2H )P H VP dsty + STVRHYTHYT (dp® + p dss)
+ K STV2HPH A2 + K SV2HHL (0 42 ds?s) |
€<I> = g, K1/2 5—3/4HE){24H541/47

HgZ%(KS)Volg—dZ/\*gdK, Fo=m, Fzz—gs_l *x3 dS

F(4) = gs_lVOIRlJ A dz N (1H621 + *10 (VOIRI,I A volg A dH];i),
05 162

h sK — — =0 —29,(r%0, S - 2_58%2=90

where mg 52 , T (r ) + 5 5.2 ,
Q Qps Q

(o) = (14984 ) (14 ¥P2) i, () = (14982
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AdS; Regime and dual SCFT

o Take p — oo (i.e. Hps — 1 and Hps — Hpg) and z, 7 — oo (while
still keeping 5 finite).

o Take K ~ Z%G (Z%) and S ~ Z%T,VV (z%) for some suitable
functions G and TW. [Bobev, Dibitetto, Gautason, Truijen. 2016.]

o Perform the coordinate redefiniton

(inspired by [Cvetic, Lu, Pope, Vazquez-Poritz. 2000.])
sin a COos (v
¢’ ¢

o Choosing W = 1 and G = 3 cos®

/2 =6

1
ds?y ~ 2cosa (tanadsid& + tanado® + 1 sin2ads§2) .

5 AdS7 x,, S3: dual description in terms of N = (1,0) SCFTs.
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AdS; Regime and Defect SCFT,

o Take z,r — oo (while still keeping %5 finite).

z

o Send p — 0.

2 d 2

2
dsAds,

— AdS3 X, My with a 4-manifold My constructed as a fibration of

S3 over a segment.

o Dual description in terms of N' = (4,0) SCFT5: Conformal defect
within the SCFTy!
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Summary on D2-D4-NS5-D6-D8 Bound State

o The bound state D2-D4-NS5-D6-D8 realizes a surface defect SCFT,
within the " = (1,0) SCFT.

o Three limits depending on a combination of the three coordinates
(p, z,1), respectively yielding AdS7, the asymptotic domain-wall
behavior typical of massive type lIA solutions, and AdSs.

AdS7 X, S5 pure DS

limit
QE(T+22)71/2 /

D2 - D4 - D6 - NS5 - D8

AdS3 X, M
bound state T)_
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Future Directions

o AdSj3 solutions and the origin of d = 2 SCFTs in massive IlA string

theory. [Dibitetto, Lo Monaco, Passias, N.P., Tomasiello. Work in progress.].

o Defects in N/ =2 SCFT5: AdSs solutions in F'(4) gauged

supergravity in d = 6. [Dibitetto, N.P.. Work in progress.].

o D3-D5-NS5-D7 intersections and defects in type IIB and F-theory.

[Dibitetto, N.P.. Work in progress.].

o Warped d = 2 SCFTs as holographic defects. [Deger, Dibitetto, N.P.. Work

in progress.].
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Conclusions

o We introduced minimal N' =1 gauged supergravity in d = 7.

o We presented a new class of BPS flows involving a non-trivial profile

for the 3-form gauge potential.
o We presented the uplift to the dyonic membrane in M-theory.
o We considered a particular BPS flow with an AdSg3 slicing and AdSy;

asymptotics and we presented its brane picture in massive IlA string
theory in terms of a bound state D2-D4-NS5-D6-D8.

o We constructed the holographic interpretation of this bound state in
terms of a defect NV = (4,0) SCFT2 within the N' = (1,0) SCFT.
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