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Abstract: We will discuss the missing pieces in the understanding of the effective field theory description of string creation, the T-dual of the
Hanany-Witten effect, both in the open and closed string picture. We explain the origin of the \'bare\' Chern-Simons term, so far added in by hand.
There however remain unsettled issues concerning the need to modify the DBI action and the interpretation of thisterm in M-theory.
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Outline

# String creation a review

# Open string description
-Effective field theory

#® Closed string description
-Arvis gauge and duality relations

# Summary and conclusions
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Supersymmetric configuration of branes

# J1n relatively transverse dimensions, n some integer

# Consider the D0 — D3 system &

0o

@
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- # Consider wrgpping the Ds brane
on an Sg
¢ -
fl*(f'(-w)ng) = 2Ax(dC1 +AB2).
DO Tluxes

where A\ = »d(y
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Supersymmetric configuration of branes

#® J4n relatively transverse dimensions, n some integer
# Consider the D0 — DS system

&
ID Il 13 I?' I-& 1‘5 tB 1- 18 19
DS e e o » - e o - °
DO e
D8
Do
O
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58 # Consider wrgpping the DS brane
on an Sy

o r

dx(e!=29)dBs) = 2A»(dC1 +AB>),

DO fluxes

where A = »d(y
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#® Gauss’s Law implies string
creation to cincel induced NS

flux
O o

string created!

#® Conclusion should hold even in
the decompactification limit

# True for all other configurations
related via T-duality
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Open string description

# Ground state of stretched string
Is a fermion

® Low energy effective action
-(0.8) quantum mechanics @ Lt

string createg!

L, = [—-.iaj:ir — o' (L + Ag)ol].

> o= AP — 4D, L—x® _ x{
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1-loop effective potential

: 1
‘ alf — ? I:l = i LI
] o
# Born- Oppenheimer
approximation -> vacuum +—e

energy

#» Effective potential not consistent
with-
1. large gauge transin.
2. supersymmetry
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Bare term and string creation

® bareterm = 3(4¢ + L)

» total potential cancels on one sideof DS, but adds up
on the other

® captures string creation! but where did it come from?
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Open string calculation

# repeat 1-loop calculation carefully in open-string theory

1 1
= | S

. Pirsa: 08090004 Page 12/46



Open string calculation

® Fgaa =trp((—1)F°TR)|L|/2 usually vanishes, but not in
this case.

# fwo towers of super-ghost states

C

Fal(z,.q) = —Z (J‘En <lll>=—<T1|1> .-1.‘2”"'1).

rn=_0
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Open string calculation

# repeat 1-loop calculation carefully in open-string theory
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O
[ & oot Bt
arr

11 Fo+Ga

o

\Fo+G
1+ (=1)°"=° )
rnet (—1) NS _—2mt(Lo

1 1
SILL£ L
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Open string calculation

® Fgp = trR((—l}FDFHHLL,-"Q usually vanishes, but not in
this case.

# two towers of super-ghost states

C

Falz.q) = —Z (.rzn <lll>=>—=<T|1> ;r'2n+1).

n=0
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Local world-line SUSY

#® put ghosts back in EFT i.e. couple EFT to local
world-line SUSY

#® ghosts action ~ 3G~ = 3(0- L1 (L{E Ag) )
#® looks like gauged supergravity
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Closed string picture

open string 1-loop = closed
string tree level

consider DBI action of Dp in
D(8 — p) background

1y /rfp+lnP1p(—2f;))\/flet(G+

in general effective potential
V= 'Tpfat[p+1 H(r b
for DO-D8 V4 = J drL

41'1
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Closed string picture

open string 1-loop = closed
string tree level

consider DBI action of Dp in
D(8 — p) background

1y /rfp'!‘lrrplp{—ﬂf;})\/:ltﬂt(@+

-+ TP/C' A exp(F)

in general effective potential
Ve =T, [ & zH]

for DO-D8 V¢ = L. [drL

of — dxa’
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Brane solutions and lift to M-theory

® D2-D6 can be readily lifted to M-theory
# M2 solution in Taub-Nut space - aggomplex curve

yy = exp ( —b) Yy = exp ( —b)t

; : oy A
& yg=c gt Sa) + o)
v = a7 +1xg and Ky, scaledto 1.
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Net force on M2

' 2
E = T/2 / dzdzg,, dX*OR"
= 27T f dxg(1 + e* 0y + f [oldlv]}
>
F = % r — 2?T%
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Brane solutions and lift to M-theory

® D2-D6 can be readily lifted to M-theory
® M2 solution in Taub-Nut space - aegomplex curve

y = exp (—b). y = exp(—b)v.

® y= e (HE) (—ag + /(29)? + [o]?)?
» v=uzx7+128 and Rll scaledto 1 .
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d|v] A e (2a—b)
drg 1 \/2;1‘9 + EQ(Ig—b}

(J-'Q _i_ E(Ig—b.))
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Net force on M2

E = T2 / dzdz g, 0 X" 0"
27T

fdrg(l-l—t -5 f| |d|v]}

dE
db |,

F —xl

N |
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Duality relations

>
Vet =< Dp|A|Dq >,
&
# boundary states:
2-X!_,|Bx >=0. s Xt _g|Bx >=0.
W — ér}-cil|T=g|B¢.. p>=—0, Wt — imt|r—g|By.n >=0.

# non-zero contribution from Vysns @and Vag
® 1=y corresponds to "bare term”
# stems from non-vanishing < Cy|Co12343678 >= —1
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Closed string extension of Arvis gauge

# getrid of ghosts in light-cone gauge

# Arvis gauge : pick different gauges for left and right
movers

L Xt =a P+ 2 X =ap.



Closed string extension of Arvis gauge

-
. o’
Xt = z§ +a'pTop+a'pTo_ —I—\j an exp (tno_),
- . - ;o o’ L _
— Xg t@p 64 t+Oap O_ T = Z o, exp (tnoy ).
-

#» on-shell condition
o —
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Superstring generalisation - RNS

® NSNS sector vf = v~ =0, where v* = (¢*  H)T
#® RR sector o
i
]._‘_llilﬁ > = W

0.

|



Superstring generalisation - GS

[I% = 9, X" — i0°T"9,0°.
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#» RR potentials given by (e.g. type lIA)

' . I - ~
Cor .=l > 1~ e e

!

- M
T — 0 fmn
~H 0
fn

# naturally reproduces duality relationship in conformal
gauge
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Gauged fixed boundary state

# Our gauge choice automatically implies

an +a° |B.n >=a) —a% |B.n >=0.

| 5 P
1B, 1.6 >= ffKP(Z(—_fmr{_qafq) — 1My ST, S” )| Bo >,
q>0

& Ipy= {-fsp-§8—p}- Mpmn = ('}'fl---'.*‘.ip)-m-n.

® |By, 1,0 >couplesto |Cyy, 1, >
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Effective potential from boundary states

® repeat calculation of V' =< Dp|A|Dg > A = [ £ &>z Lo =Lo
e era
I
- pp
Lo=p*(p~ —p ) =—p'p+—+N-

i d4+pr+Da( 'O2 / | '
Vir = W /!2 f 9;)dJ.np+jq |z Q*’Qexp(z().L}tr('fT!}

§|L|(1:|:1}
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# fermionic zero modes contribute tr(11...~%) = £8
# contribution changes sign under p@rity - string creation
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Still unsettled issues

# problem with propagator- off mass shell suggests
non-vanishing coefficient of «

Incorporate the new term in the Dgl action?
interpretation in M-theory

| I
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Gauged fixed boundary state

# Our gauge choice automatically implies
an +a° |B.p >=a) —a% |B.n >=0.

1 5 . T
1Brs. 1,0 >=exp(}_ (- T15074a%,) = iMmnST4S"g)| Bo >,
q>0

3

Irr= {—5}}-(58——;1}- Mpp = ("f"z'l---"."ip)mn

|Br,..1,.0 > couples to |Cyy, 1, >

]
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Superstring generalisation - GS

[T# = 9, X" — if0°T*9,0°.
&

Hi =pr. I —p ,
Ed -8 rte* =o.
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Closed string extension of Arvis gauge

>
. Jr}, |
X+t = ti] —|—ap r:r+—!—ap & -f nen exp (no_).
- | e ;o o’ o 3
= g tap o +ap _ 1+ ?Zan exp (tnoy ).
o

#» on-shell condition
A —
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Superstring generalisation - GS

I = 9, X" —i0°T"5,0".
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» RR potentials given by (e.g. type lIA)

: : I el i
Cor . —n >0 1~ Ll >,

{

u
I — ( O i )
o 0
TR

# naturally reproduces duality relationship in conformal
gauge
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Effective potential from boundary states

! = 2. i
# repeat calculation of V' =< Dp|A|Dg > A = | |ff_:_|;;Loch-

& == = -8y - =
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| I
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Still unsettled issues

problem with propagator- off mass shell suggests
non-vanishing coefficient of «

incorporate the new term in the Dgl action?
interpretation in M-theory
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Summary

e

Gauss’s law implies string creation

3

effective theory description depen@s on existence of
bare term

.

open string - world-line supergravity

e

closed string - duality relation

e

unsettled issues - DBI action and M-theory
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Thank you.
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