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Overview

@ Wrapped Brane Solutions
© Wrapped Branes in Romans F(4) Gauged Supergravity
© Consistent Truncation to Lower Dimensions

@ Discussion
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ACESCIESTE
Wrapped Branes in Superstring/M-theory

A class of AdS solutions from wrapped branes

NS5, D5 branes wrapped on S? : Dual to 4d A/ =1 SYM as IR fixed point
[Maldacena, Nunez 2000]

Criteria for permissible singularities in gravity sides [Maldacena, Nunez 2000,
Gubser 2000]

M5 branes wrapped on supersymmetric cycles[Gauntlett, Kim, and Waldram 2000]
and non-supersymmetric solutions[Gauntlett, Kim, Pakis, and Waldram 2002]

Review of wrapped branes in various supergravities[Naka 2002]
AdS from wrapped D3[Gauntlett, Mac Conamhna 2007]
D4-D8 wrapped on 4-cycles[Suh 2018]
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\WUETLECRIENERTIMAHEN A Class of Solutions

Wrapped Branes and AdS/CFT

AdS, solutions constructed by wrapped branes give us free energy on SCFT,_1

Wrapped p-Branes with Different Topology

Consider the Branes wrapping on supersymmetric(calibrated) cycles
2 2 2 2
d511/1o = dSAds(,,)H_k + FFdsi, + #dsxg/afp

Sasaki-Einstein Manifold
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Quick Review of Calibrated Geometry
Calibration, Calibrated Cycles

Definition of Calibration
¢ € NP satisfies d¢ = 0, fgp ¢ < fgp *1

Definition of Calibrated Cycle
Vol(M fM ¢ — Vol(X,) < Vol(X},) : Minimal cycles in manifolds

Manifolds of special holonomy have calibrated cycles

Construction by Killing spinor guarantees d¢p =0
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Quick Review of Calibrated Geometry
Calibrated Cycles in Manifolds of Special Holonomy

Calibrated Cycles in Manifolds of Special Holonomy

Calibration Manifold Cycles
Associative 3 form G, manifolds Associative 3 cycle
Co-associative 4 form G, manifolds Co-associative 4 cycle
Cayley 4 form Spin(7) manifolds Cayley 4 cycle

%J" CYy Kahler 2n cycle
Holomorphic n form CYn SLAG n cylce
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I AT
Romans F(4) Gauged Supergravity

Realization of F(4) Superalgebra with 16 Supercharges [Romans 1985]

6d gauged supergravity with SU(2) gauge group. This theory is non-chiral, but
there’s various chiral versions of this theory.

Bosonic Action with Gravity, Gauge Fields, and Scalar

1 1 1
SF(a) =22 d°xv/—g [ZR - 58#¢8M¢

1
+ g(gzex/§<¢> + 4gme_*/§¢ . mze_3‘/§¢)

1 1
=g VA H 4 F FIMY) = 520Gy, G

1 1
= 5T B (Fpr Frn + MByo Fr 4 5B Broc + FJ FL)
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AWELTEL N TSR SN EN EW A CYNEETT S RIS -{e\Vialll  6d Supergravity and Its Uplifting

Fermionic Degrees

Supersymmetry of the Theory

Fermions are a Symplectic-Majorana Spinor
Killing Spinor Equations: 9 = dxy =0

Supersymmetric Transformations with the Mostly Positive Metric
1 i _¢ 3.4
0 =0p€i + w,“,p’y Pe; —|—gA (T ) ej + ——=(ge V2 + me "V2)y,.vr€
8v2
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y
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I AT
Embedding in Superstring/M-theory

Embedding in 10D
Massive Type IIA embedding [Cvetic, Lu, and Pope 1999]

Type 1IB embedding [Jeong, Kelekci, and Colgain 2013, Hong, Liu, and Mayerson
2018, Apruzzi and Fazzi 2018]

Exceptional field theory formalism [Malek, Samtleben, and Camell 2018/19]

Parameters

e~2V20 — g /(3m) for supersymmetric vacua, myog = v/2m for 10d Romans mass.

v

Myungbo SHIM (Kyung Hee University) Wrapped Branes and Holography September 17, 2019 10 /36



I AT
Embedded in Massive I|A Superstring Theory

Wrapped D4-D8 Brane System

D4-D8 brane systems ~ 6D SUGRA
D4-D8 Worldvolume Theory[Brandhuber-Oz 1999] < AdSe
on SLAG 2 cycles[Naka 2002] “ AdSs x M,
on SLAG 3 cycles[Naka 2002] “ AdS; x M
on Cayley and Kahler 4 cycles[Sul 2018] “ AdS, x M,
on two Riemann surfaces[Suh 2018] & AdSy X Y X X

Holographic RG Flow

IR AdS,, AdS3, AdS, fixed point solutions have RG flow connected to UV AdSg
solution.
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Wrapped Branes in Romans F(4) Gauged Supergravity Extremal Ansatz and BPS Equations

Ansatz for BPS Solutions

Metric Ansatz
6—d—2
2f 2\
ds? = e*f(—dt? +dr* + de +Ze dst
a=1
v
Gauge Field Ansatz
Cycles F Fl, =
kC
2-Cycles 0 , F45 =e e 0
3-Cycles 0 Fonzero = 2g’ 0
Cayley 4—CyC|ES 0 FliOH—ZCl‘O = 1;,2—’ BOl - 2 \/§¢_4)\
Kahler 4-Cycles 0 ) F3, =F3 = g e~ By = _m%gzex/%—“\
Kahler Tg, x £5, 0 F3 = MSe M F3 = R eV26—2(\1+X2)
v
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Wrapped Branes in Romans F(4) Gauged Supergravity Extremal Ansatz and BPS Equations

Topological Twist and Projection Condition

Projection Condition

V7€ = —iVr€; y
Topological Twist for 2, 3, 4 Cycles

2-cycles | wys = CgA>, T3e = —L1(y%e Kahler 4-cycle | wo3 %+ wys = gCA3, %’7235 = i%w45e = (T3
wi = GgAl,  Tle=—3G7%e Cayley cycle | wo3 +was = gGAL,  Jya3e = +lyse = -G Tle
3-cycles | ws3 = @gA?, T?e = 16753 'y'l-ff =0, wyp £ w3s = g§2A?v %’7’425 = i%"/355 =—Q T?f
wis = GEA®,  Tle= 37" || (i,j=2,---,5) | w3 twso = BGAS,  Fy3ae = F3ys0e = —(3T €

v

For a Kahler 4-cycles of two Riemann surfaces, the sign is fixed. )
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=] B ) 9 et
BPS Equations for Wrapped Branes

BPS Equations

- 1 3¢ -2 Aiki ~Zz6-22(n) F—i BN
flef = — geVvi + me VZ' — e V2 T +3Tev2 e
wa | 2"
[ _ 3 ki L oy, 1 u AN
)\§e—f:_4\1ﬁ 2ev2” + me ﬁ¢+z Aiki = J50=2M0) | _p 750 BN
L i
¢ r_ 1 [ 3 -3 Ajki —Lo-25(n) Lo aN(0)
—e ' =———=|—gev2" +3me V2 +Z e V2 + TeVv2 !
V2 W2 | -

>.;Aj=d and T is zero for d = 2,3, while non-zero for d = 4. Fixed points, i.e.
lower-dimensional AdS spaces, arise when the radii of cycles \; and the scalar ¢
are constants.
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Wrapped Branes in Romans F(4) Gauged Supergravity Extremal Ansatz and BPS Equations

Summary of All Fixed Point Solutions

Table of All Possible Fixed Point Solutions
BPS Non-BPS

Does non-BPS solution

Cycles solution  solution  violate the BF Bound?

1 X X -

2-Cycles 1 0 0 Yes
1 X X -

3-Cycles 1 0 0 Yes
H2 X H2 (_]-a _1) O X _

7% 52 (1,1) X 0 No
52 X HQ (1v _1) X X _

- 1 X 0 No
Kahler 4-Cycles 1 0 X -
1 X X -
Cayley 4-Cycles 1 o) X -
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AWEDT R TSR N ST EN EW A GO NEETT S RSII-{e\Vialll  Supersymmetric and Non-Supersymmetric Fixed Points

Solutions with 2 and 3 Cycles

Parametrization of Solutions

ef = gle_%d’, eN = &e_%(b, A(r) = e“ﬁd’7 v =N
gr g )
2-Cycles with k = —1
g
Bops =4, aBps =8, VBPS = 5
B pps A 347593, a2, _pps ~ 6.61921,  Ynon_pPs A 0.694146%
3-Cycles with kK = —1
9 2g
Beps =3, OBps = > VBPS = 3 -
B2 gps = 341324, 02, pps ~ 5.27966,  Ypon_sps ~ 0.507683g/m |
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AWEDT R TSR N ST EN EW A GO NEETT S RSII-{e\Vialll  Supersymmetric and Non-Supersymmetric Fixed Points

Solutions with 4 Cycles : Cayley and Kahler

Cayley 4-Cycles with k = —1

g
Baps = 8/3, aBps = 2, VBPS = 5

Kahler 4-Cycles with k =1

(4:|: \/6) y  Ynon—BPS = 1 (2 F \@) %

4 1
ﬂrzmn—BPS = g (4 + \/6> ) aion—BPS = g 4

v

Kahler 4-Cycles with k = —1

2 2 g
=4 -9 _ 5
5BP5 , dpps , BPS 5
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AWEDT R TSR N ST EN EW A GO NEETT S RSII-{e\Vialll  Supersymmetric and Non-Supersymmetric Fixed Points

Solutions with 4 Cycles : Two Riemann Surfaces

Near Horizon of AdSg Black Holes

These are applicable to calculate entropy of supersymmetric black holes with
H, x H, horizon or non-supersymmetric black holes with S, x S, horizon.

Two Riemann Surfaces with k; = —1, ko = —1 < AdS, x H, x H

g
agps = V2, BEPS = pBFS = 2, VBPS = 5

Non-BPS Two Riemann Surfaces with ki =1, ko =1 & AdS, x 5, x 5,

a2:%(4i\/6), ﬂfzﬂgzg@i\/%), 7= (2% V6)
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Wrapped Branes in Romans F(4) Gauged Supergravity Holographic RG Flows

RG Analysis for Wrapped Branes

Flow Equation with New Variables

4
= e2A20/V2 and F = xev2?

Flow Equations and UV Series

dF F(4kx + 2mgx?)

dx  x[x(g2F — mgx + (4 — d)k) + 4v/2gT]’

Instanton Densities for Each Cases

1 1
Tg=23 =0, Tcayley = —m, Tkshler = —m
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Wrapped Branes in Romans F(4) Gauged Supergravity Holographic RG Flows

Diagrams for d =2, 3 and k = —1
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Holographic RG Flows
Diagrams for d =2, 3 and k=1

)
T
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Wrapped Branes in Romans F(4) Gauged Supergravity Holographic RG Flows

Singularity Structure of the Flows in d = 2, 3

The Flows between AdSg and AdSg_4
c1 = 9.1296 for d = 2 and ¢; = 13.951 for d = 3

IR Singularities

k [ x [FTe [ V(g) [ Type
+1 o0 | 0| O 0 oo(bad) -
£1| 0| 0 | o© 00 oo(bad) | Bad
-1/ 0 || O 0 -0 Good
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Wrapped Branes in Romans F(4) Gauged Supergravity Holographic RG Flows

Diagrams for d =4 and k = —1

Cayley 4-Cycles, k=-1 Kahler 4-Cycles, k=-1
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feepeeliclize
Diagrams for d =4 and k =1

Cayley 4-Cycles, k=1 Kahler 4-Cycles, k=1
10 T s T 10 T T T
6 AdsSg

18 18

8 8

w w
0 0
] 2 4 6 8 10 ] 2 4 6 8 10
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Wrapped Branes in Romans F(4) Gauged Supergravity Holographic RG Flows

Singularity Structure of the Flows in d = 4

Behavior of Solutions with 4-cycles

BPS Solutions with Cayley and Kahler 4-cycles behave in the same way. Just a

fixed point slightly differs.

The Flows between AdSg and AdS,

¢ = 23.538 for Kahler and ¢; = 19.7959 for Cayley

IR Singularities

k [ x [ F T [1e ] V(g) | Type
+1 | o 0 0 0 oo(Bad) -
1] 0 0 00 00 oo(Bad) | Bad
+1 | 0 | Finite | oo 00 oo(Bad) | Bad
-1/ 0 00 0 0 oo(Bad) -
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Wrapped Branes in Romans F(4) Gauged Supergravity Holographic RG Flows

RG Analysis for Two Riemann Surfaces

New Variables

xp 1= @MTV20 s @2 V20 @2V20y 5 — @2NH2N

Flow Equations for Two Riemann Surfaces

dx xi [g3mu— g?m?xix0 + 2gm(kixo — koxi) — 4
du  u {g3mu + g2m2xy1x0 + 2gm(kixo + koxy) — 4}
dxo X [g3mu — g?m?xixa — 2gm(kixa — koxi) — 4
du u [g3mu + g2m2x1x0 + 2gm(kixo + koxy) — 4}

Relation with Kahler 4-Cycles

With ki = k; and x; = x», the equations are reduced to the case of Kahler
4-cycles.
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Holographic RG Flows
Some Difficulties and Flow from UV

Difficulties for Analysis

Due to the parametrization, there's a line of singularities from the denominator.

What can we do?
At least, we can analyze the flow connected from AdSg UV by UV expansion.

- VBTGV~ 243
\/W\f— +Zc(2> /s

Cil) = C§2) = C; is an integration constant
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Wrapped Branes in Romans F(4) Gauged Supergravity Holographic RG Flows

Flows from AdSg

k1 = ko : The Same as Single Cycles

One can immediately notice x; = x; when k; = ky. They are the same as single
Kahler 4-cycles.

ki # ko : One Parameter Family of Solutions

There's one parameter, the integration constant Cy, family of solutions, but
there’s no supersymmetric fixed point.
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Wrapped Branes in Romans F(4) Gauged Supergravity Holographic RG Flows

UV and IR Singularities

UV Behavior

UV Behavior of the BPS solutions with two Riemann surfaces are the same as
before

Types of IR Singularities

xi [ [F e[| V(e) | Type
co| 00| O 0 oo(Bad) -
0 0|0 O 0 oo(Bad) -
oo |oco| 0] 0 0 oo(Bad) -
0] 0|0] o 00 oo(Bad) | Bad
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Wrapped Branes in Romans F(4) Gauged Supergravity Holography and Application of Wrapped Brane Solutions

Entropy of Black Objects in 6 Dimensions

Non-Supersymmetric AdS Black Hole Entropy

gnon—BPS _ 2(3v6 - 2) y 1672 S2 x S? horizon
EH 25g3 mG(G) 1872 CP? horizon

Black 1,2-brane Entropy Density

2nRA3,  6V6m

S]%S,BPS = Ii% - g3m52 VO](M3)3
27TR2A4 327

6

< _ 5 Vol(M;

BB,BPS P g - (M)
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Holography and Application of Wrapped Brane Solutions
Holographic Relations with 5d Seiberg Theory

Entropy Density and Partition Functions[Bobev, Crichigno 2015]

3v6

1
5]635,BPS 4g G6 Vol(M3) = Vol(M3):6c2d

144G},

4 4w g— 1 4 g— 1 ]'—53 5

S]%B,BPS G6 VOI(Mz) 2(766 ) [ ( o )]:55 — 2; g
N

Field Theory Relations[Hosseini, Yaakov, and Zaffaroni 2018, Crichigno, Jain, and
Willett 2018]

V6Vol(X3)
8m2
8(g — 1)

F53><Zg = ——9 Fss = Fss

Cod = — .7:55
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Consistent Truncation to Lower Dimensions [EIEUTRZEBDITN LT

Lower Dimensional Theories

3, 4 Dimensional Theories

- Vol My)
sty = YA o) [ xv/ 84| 4R - )a AN — 20,605
k 1
+ Tde_% + 7e_m(g2e‘/§¢ + 4gme_ﬁ¢ — m2e_3ﬁ¢)
_ Mg 2 e—\/§¢}
4g2

Parameters and Metric

2 —2L N 2 o\ 4.2
TMyoy = 2, TMys = 3/2, dsg = e =d"dsg_, + e~"dsy,
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Consistent Truncation to Lower Dimensions [EPABIRIELNE

2 Dimensional Theories

Bosonic Action

1
S 2% d’x\/—gae® TN %Rz + %(e’”lkl +e k)
6

1 0 1 . y 1
+ Eg” 8H>\181,)\1 + Eg“ 8M)\2au)\2 + 23’” au)\lau)\Z - 5 u¢8u¢

+ %(g2e\/§¢s + 4gme7\ﬁ‘ZS - m2e73ﬁ¢)

_ M, e—\/§¢(e—4>\1 + e—Mz)

8g?

2
TMy 2¢—421—4)s
2,4 °
2m?g

Parameters

TMcayey = 2/37 TMysner = 2, @and 75, x5, = 2. Note that for Cayley and Kahler
4-cycles as e.g. CPP? we need to set \; = Ay and k; = ko.
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ST s
Summary

(Non-)Supersymmetric Fixed Points

@ We analyzed all the possible fixed point solutions with wrapped branes
ansatz.

@ In contrast to M5 branes(7d), IR singularities need further investigations in
Euclidean signature.

@ There are some difficulties for full analysis of the flows for two Riemann
surfaces

@ Numerical solutions for two Riemann surfaces have complicated singular
structures in x; — u diagrams

Consistent Truncation

@ These are not a bosonic part of the certain lower dimensional supergravity.
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Sumrmary and Leftovers
Leftovers

Euclidean Analysis
@ Maldacena-Nuriez and Gubser criteria are a kind of short cut

@ Existence of the regular solutions corresponding to each singularities
determines whether the singularities are good or bad.

View from Dynamical Systems
@ The flow equations describe a dynamical system

@ Catastrophe theories are used to analyze RG flows to find and classify
conformal fixed points[Vafa, Warner 1989]

Lower Dimensional Supergravity

@ Supersymmetric completion of consistent truncation is not done yet.
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Thank You Thank You

ZHAFEILICH
EVXAPLOTW

Thank you

Myungbo SHIM (Kyung Hee University) Werapped Branes and Holography September 17, 2019

36/36



	
	Wrapped Brane Solutions
	A Class of Solutions
	Quick Review of Calibrated Geometry

	Wrapped Branes in Romans F(4) Gauged Supergravity
	6d Supergravity and Its Uplifting
	Extremal Ansatz and BPS Equations
	Supersymmetric and Non-Supersymmetric Fixed Points
	Holographic RG Flows
	Holography and Application of Wrapped Brane Solutions

	Consistent Truncation to Lower Dimensions
	3 and 4 Dimensions
	2 Dimensions

	Discussion
	Summary and Leftovers

	Thank You
	Thank You


