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‘ This talk 1s based on...

= arXiv:0705.0983
Joe Marsano, Kyriakos Papadodimas
& MS (84 pages!)

= Joe gave a preview at KITP in March.
This is continuation/supplement




‘ Introduction

= Metastable nonsusy configs.
in gauge theory / string theory

» ISS
» Landscape

» Pheno./cosmo.
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stable
susy
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‘ Introduction

= Geometrically induced metastability
+ Aganagic-Beem-Seo-Vafa

» Large N duality
+ Fluxes softly break N=2 - N=0
» Calculational control




‘ Introduction

s T-dual: ITA/M
off o5 oo [1 T < / )

» IIA side: M-theory lift

» Unexplored param. regime in string/M-theory
» Softness” of breaking

» Boundary conditions




‘ Plan of this talk

= Introduction

= SUSy case

= Nonsusy curves
= Soft” limit

= Boundary conditions




Review:

Susy Case




‘ Type IIA brane construction
(a.k.a. Hanany-Witten)
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Curving NS5
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‘ Gauge theory limit
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‘ Gauge dynamics: M-theory lift

/

d “throat”

4

NS5/D4 > M5

/

/

= NS5 & D4 both lift to M5

= Large g.
- NG action reliable

= M5 curve:

» (Relatively) easily obtained
by holomorphicity

+ SW curve itself!
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‘ Strong coupling: M-theory lift

DNESTN

= Why does it work?
— Power of susy

» Scales irrelevant for
holomorphic quantities

+ NG & gauge theory
give same curve
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| When is classical curve really reliable?

= As M5 curve (g.>1):

» Curvature < [,

» Don‘t come within [,
of self-intersecting

= As NS5 + flux (g.«1):

» Curvature < [/,

DELSN

» Flux density «1/g,

= Never met in gauge
theory limit
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‘ T-duality

</ > \) T-dual

S
IIA brane construction IIB geom. engineering
NS5 in R® Noncpt. CY (ALE fibr.)
D4 D5
Tool: M-theory lift Tool: large N duality

= Why work? — power of susy
» Scales irrelevant
+ Without susy, not expected to work, a priori
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Nonsusy Curves
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‘ Nonsusy configurations
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'EOM’s for nonsusy M5 curves

/ NN
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ﬁ M5 curve

N

= Need to directly solve
NG/Polyakov:

SNGNf\@
i |

Harmonic:
s = sg(z) +354(2)
v=vg(z) +74(2)
w = wg(z) +Wy(2)
Virasoro constraint:
Ospgds g + OvgOv g + Owgow g = 0
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‘fPracdce‘l:

N D4

\\'d

z — OO

v

L.,
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“worldsheet”

< — OGO

V=—Zz
s = gsN log z
55:1:6—|—?j:z:10

log in s:
D4’s “pull” NS5
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‘ Practice 2:

/ = /*\\//

“worldsheet”:
genus 0
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<
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Practice 3:

N, D4
\ V

= New features:
» D4’s and D4's attract
+ Need to “hold” back D4's
» D4’s “tilt” in v direction
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‘ Practice 3:

= How to get tilted D4

z=0
7
N D4
v= —gsNsinf-log|z|
0 ~ 0 _
4 cos? = -z —sin°— -z
V — Z 2 2
‘ s = gsIN COSQE-IOQZ—SIHQE-IOQZ
s = gsIN 109 z = 9s > 5

rotate 1
+§S|n9(z—{—5)

log appears in tilted direction
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‘ Practice 3:

= Now combine D4 and D4 parts

=1 <z — OO

N1 D4 v= —gsN71sinfy -log|z — 1]
T +gsNosinéy - log |z + 1]
+Avyg + Avy

e
N, Dyé/ s = +9gsN1 lcos % log(z — 1) — sm?ﬁ2 log(z — 1)]

z=—1 —|—98N2lcos 92 log(z + 1) —sin? 92 Iog(z—l)}

+Asy + Asy

‘ Avpr 4, Asp 4 - determined by Virasoro
S
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‘ Practice 3:

= Virasoro

0spds g + OvgOv g + Owgow g = 0

» Force balance

Nqsinfq1 = Nosin6-

» Full nonholo. curve obtained!

v= —gsN1sinfy-log|z— 1| +gsNosinf,-log|z+ 1| +az

01 > 01 _
s = 4+gsNy [cos > log(z — 1) — sin? = -log(z — 1)]
+9s f\g{cos 02 log(z+ 1) —sin? 9—2 log(z — 1)}

2N1 N> cos (%)
~ Njsinfy 4+ Npsinfs
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‘ Practice 4:

= Same method works
NS5 m Full nonholo. curve:

6
_ (QSN)Q_
NDQ)/ v=Xz+ = 2
gsN -

w= gsNsin@-log|z— 1| +gsNsiné-log |z + 1| _25in92

2
N D_4/}/ o T +93N[C°52§- log(z — 1) —SinQ%-log(z— 1)]

—l—gsN[cos2 ~.109(z+ 1) —sin®= - log(z — 1)}
v 2 2

‘ 7_'W +» Log bending in s, w
S

» B.C. at co not holomorphic
» Minimal distance b/t D4 & D4
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‘The real problem

N D4 /
< 4 N
L

= "Worldsheet”: genus 1

= D4’s tilt in w direction
- w have “logs”
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‘ The exact curve

A\Y n S a2
Imz “worldsheet L)
T
)(a2 —>
X a1
= i »Re z ﬁ

v=X [Fl(l) = Fél)} + 2geN) [Fl(l) - FQ(I)]

w = gsNrosin@ [(Fy — Fy — in)z + cc] + F%%(Fl@) — %)

s = gsNrgcos O [(F1 — Fp + imz) + cC] + imgsN(z + Z)

Fy(z) = log [9 (z—aé—"; 1)] F™ () = (%)nﬂ-(z)

3m2p(1/2) ¢ w2
3p(1/2)% — g2’ 6p(7/2)? — 292

8

Re(rt) =0, 7=2(ar—a1)




‘ The exact curve

s Same features
as the “half” curve:

» Log bending in s, w

N D4 _
» B.C. at co not holomorphic
+ Minimal distance_
. 5 between D4 & D4
w
TL) » [-dual won't even be a
S complex manifold

= Reliable as M5/NS5 curve
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The “Soft Limit”




What if g.N is small?

gsN
A
v=X [Fl(l) - Fz(l)]

w = C[(Fy — F; —im)z 4+ cC]
s = gsNrgcosO [(Fy — Fr +inz) + cc] + ingsN(z + Z)

= [ake » 0 in the exact curve:

+ Tilting vanishes
» v, w . holomorphic, s : harmonic

+ Corresponds to exact min. of IIB potential
. unexpected!
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“T_duality”

NS5 [34 S NS5

4 T?, ot D5t D5
( ) a > o o

D4
y2
<

N

= Holds more generally
= Why work without susy?

»+ There must be some protection
+ [IB : assuming soft breaking
» g N is controlling “softness”
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‘ The “soft limit"

= Small g.N : consistent with reliability of curve

= Why is g.N controlling “softness”?

» Tree level - soft

n handles

» Higher genus can
destroy this structure:

2 —1
~ gsn(QSN)h

h holes
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Boundary Conditions




‘ The 1ssue

A
= ISS vacuum & o
brane configs: metastable

nonsusy

stable
susy
>
NS5 NS5
NN, £_> x6

—
<

NS5’

Metastable nonsusy Stable susy
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‘ The 1ssue

s BGHSS:

Boundary conds. different.
» TWo0 brane configs are in different theories

» One can't decay into other

NS5

D6
/ Nf—NC>
/ \Q/
/ NS5’

Metastable nonsusy

NS5

N4

— / NS5’

Stable susy
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‘ Nonsusy configs decay

= Does not mean our nonsusy config is stable:
It decays

2) b) ) &

NS5 NS5

— - — - Lo — < =
D4 l > x6

SN

+ D4/D4 pair annihilate by quantum tunneling
(Cf. B-decay in EM field)

» NS5’s straighten
» Takes oo time (runaway)
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Runaway instability

A

/) Susy vacuum has

been taken to oo

runaway

>
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'Relevance of nonsusy brane configs

= Gauge theory is approximation of string ©

= Embed in compact CY:
BC arises from dynamics of “the rest”

+» In the whole sys, runaway ends
» Local “building block” for model building
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‘ Conclusions

= M5/NS5 curve:

» Can explore nonsusy landscape of string/M-theory

» Can be easily generalized (ADE, etc.)

= g N controls “softness” of breaking

» Can study string/M landscape in a controlled way
= Boundary conditions
= Building blocks for model building

38



	Nonsupersymmetric Brane/Antibrane Configurations�in Type IIA/M-theory
	This talk is based on…
	Introduction
	Introduction
	Introduction
	Plan of this talk
	Review:�Susy Case
	Type IIA brane construction�(a.k.a. Hanany-Witten)
	Curving NS5
	Gauge theory limit
	Gauge dynamics: M-theory lift [Witten]
	Strong coupling: M-theory lift
	When is classical curve really reliable?
	T-duality
	Nonsusy Curves
	Nonsusy configurations
	EOM’s for nonsusy M5 curves
	Practice 1:  simple susy curve
	Practice 2:  linearly curved NS5’s
	Practice 3:  simple nonsusy curve
	Practice 3:  simple nonsusy curve
	Practice 3:  simple nonsusy curve
	Practice 3:  simple nonsusy curve
	Practice 4:  quadratic curving (“half” of real thing)
	The real problem
	The exact curve
	The exact curve
	The “Soft Limit”
	What if gsN is small?
	“T-duality”
	The “soft limit”
	Boundary Conditions
	The issue
	The issue
	Nonsusy configs decay
	Runaway instability
	Relevance of nonsusy brane configs
	Conclusions

