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D-instantons

In IR."**M Dinstantons are D-branes wrapping
a cycle in M at a point in IR"3

( Dirichlet b.c.s in all IR3 directions)

String Field theory Quantum Field theory

D-branes e solitons
D-instantons - instantons



D-instanton corrections to effective action

D-instantons give non-perturbative contributions c
49

to string amplitudes effective action (GreenGutperle'97)
(Green '94,77)

For example in lOrd IBtheory (in Einstein frame)

S = S +(d(A4(3) +B = +(24i]R4+ ....

sugra

T =((()) +ie

A: tree-level higher-derivative correction Gross-Witten
186

B: one-loop correction Greent Schwarz
182

C:leading D-instanton correction Great Gutper

ABcanbefound exactly by string worldsheetcalculation
to



D-instanton effects

C involves divergent integrals over zero modes.
S

Regularising these requires going off-shell.
this cannot be done inworldsheet CFT: need SFT

ly, dualities used to determine CPrevious

1) IB in 100 from S-duality+ susy Green, Gutparle97
--

Robles- Lana, Rocek Ob
mirrorsymmetry Saverssig,Theis, Vandoren

2) Type II on CY from susy,"sdualty Alexandrov,Pioline '08
sawerssig,Vandoen

Alexandrov, Banerjee's



D-instanton effects from SFT

Recent progress comes from first-principle computation
of leading D-instanton effects with

divergences understood from string Field theory

Sew
1) IB string in loc AmonBalthcareI

2) Type Iam C4 (N=2 susy) Alexandrov, Sen, BS

3) Type Ietc on CY (N=1 susy) SergeiAlexandrov, Atakan HilmiFirat,
Manki Kim, Ashoke Sen, BS



Leading order D-instanton effects

String amplitudes a g,* 1x Euler # ofWorldsheet)

Leading contribution in given D-instanton sector

(maxx)

vertex insertions
xopen string /zero mode
x closed string
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↓ ↳
each disc has same Db.c.determinant of fluctuations
So is connected diagram

around D-instanton bad
in spacetime

At higher order many more sheettopologies possible



Leading order D-instanton effects Lag. 3 cycl
--

Calculation in two parts. For D2 wrapping by CYs

CFT2 computation
XD I
x
+=Ta wy D b.c.sX

I i

do not impose momentor conservation (yet)

unphysical divergences from vertexoperators close to each other(in some pictures)

X -X

X > X

X > X

In D-brane disc diagrams these are total derivatives
removed by analyticcontinuation

Not possible for D-instantons but modern SFT methods allow
to separate picture-changing from vertex ops 2 avoid



Leading order D-instanton effects

Calculation in two parts
A partition for for2) A spectrum ofopen

e
-

e strings w/end(s)
--

omD-instanton
--

A =y Trenthoppts

possible divergences

t ->0 -g
Noclosed string tachyous ~
massless closed strings
no-force condition

=>no divergence

t -> a IR divergence from massless open strings



Divergence & SFT

Sew showed how to regulatedivergences in A

Withenough susy massive bosons/fermions cancel
11 11

Divergences comefrom zero modes Azm- I gh

D

Zero modes can be regulated with how both
Separatenee

Pathintegral for Arm. matched to SFTzm. in Siegelgauge
Siegel gauge singular as his o

instead work w/ gauge-in pathintegral, integrateout ghosts

Azm = N I dxm Ida
↳
Determined exactly stayas



D-instanton effective action

D-instantons correcthypermultiplemetric in N=2 theories

S
um
= - Jd"x Gig(e) drY"des

Sum D-instanton cyctes

Gij=9ij +[eTr(h!?+...)
weighted by D-instaction If

5
I expansion in

y=Gi +3 quantum
fluctuations

Leadi-gs 14 term in Sam when dm, on act on5my
Trgs

~
-fd er m TednTeh! saded"ded"

corresponding amplitude is

A =a"keEEE imTuintsh etr pa.ppt perm



D-instanton effective action

5)2A =aike er e dmTunTrEzrhig Og · Pp + permI
-wene

a &
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C
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Xei xe X

X
I x X

correction to metric extracted from
Sometimein (5) X

X

S -
↑

I 3 puhij ~ IdXdx8 x
t x X- Integral over-

- fermionic to modes--
from e

Field redefinition ym ym +e
-

Trzm
Terms proportional

m

dY dyY-eTrgrdIt... to dTo cannotbe

compared



Disc diagrams
integration contour
LE real line

x

X S 0-Z OPE gives
x
+= ④

X &To corrections

e.g.
Z which we ignore

2&B =iTxT/
-XB)dzVp(i) ci4S(0)-4(p(z)

- 1 +-z -
- I =- 2 picture

where

VB =2bmcX +ip.44m)v

10-d spinous
covariantly

x= nex
* * * =xx 2, IN=2 constant

spinors
& -

4d spinars



Disc diagrams
*

a=badzcxip.Ye*rrece* Sc(0) e-4Sp(z)

ex only possible contraction w/
eip.x

but p "bur =0 (mass-shell condition) so drop

Dirichlet be for anti-holomorphic dim O operator
- :YqV(i) =- xe-44"(- i)C

*

a=
-bn)dzicp.Y(i) ce44(- i) ci*((0)

-

4Sp(z)



Disc diagrams
x

Aslideup 8
- pick up polexXN
z - i

X
④

Z ④

a=-bardzicp.i)ce*n(i) -*Sc(0) e-4Sp(z)
Lorentzgenerator

--baicps,4 Suli)ce*p(- i)
-4S(0)CC

3ptfu can be easilycomputed. When dustsettles

adr = * Jedr
dBrs= -erste

J =TV V:CYs volume



Disc diagrams
We can compote all other disc diagrams
e.g.

ad3+avdEr = - 24*d*y+... other contributions
cut for time here
butknown

where

⑰u
=1 =2131 - p1 51

A1B, =S

1 =0,...k"((Y)) labels symplectic basis ofA, Br 3-cycles

34, 5: RRfields from RR3 forms wrapping symplectic 3-cycles

the D2 instanton wraps the 3 cycle

4 =9A -pB



Comparison with N=2 predictions
--
dilator

ardr +ad?" +adI +i +complex structure
= πT* [dr-243dN +...]

J

Since we are dropping dis terms we can use

*
0 =dTr = T(+...) +2rid/ 5
to eliminate day to find metric

2

dinst= [25egoche(k* e
- "))[amds) +OldTo

I

which is erectly deality-based predictions.



D-instantonsuperpotentials in N=1 theories
We consider an orientifold ofType IBon CYs

/) *(D,,,) *(NE,etFir S. Odake 189

projected by
=(z,z) -(1)(- z, - z)

to getN = 1susy. Backgrounds with no flux

D. b.c.s on IR"3 ba in N= (2,2) preserves 3 + 5current

Today we consider 0(1) instantons only. These have
4 bosonic z.ms

only universal zero modes:
2 fermionic z.ms Xc



D-instantonsuperpotentials in N=1 theories
In unoriented theory

I ⑧ Mbusstri
e -> e

-

JETr(...)
one boundary of annulus can be on tadpole-canceling brane

As before t -> 0 not divergent because no tackyous
and tadpoles cancel

Fort ->0 possible IR problems. Since susy is low
we do not have equal # ofmussless bosons & farmins



Gee
&

e
I ⑧ We split IE =IE +(E-

g

"Closed" "Open"

"cloud string part" t -o ie l-> 0

Izat) =0- +E:) =14dLe-+(+)()+21)
Izult) =0TD =231dLe-it4otto) (c]

4

divergences come from l ->0 & cancel between 21& Zm
& cancel as in N= 2 for ZA



-

Manifestly finite splitting - to regulator

Ye Ye

SBI,de-re(2o
+o)
,B> +2(B11,de-

(20+()(B) +1c)

+2 SBI)deere(otto) (c)
In open-chamal variables

!(21+zm) -(at) + zult)
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·"Open string part" ! 2t

As before regulateby separation Lo->2.th

zA +z =Tr(..) =[secth+ [5. eithe
VENS aGR

Sr, Sa=Il
withher, had Grass maupants

Split all modes into 2 groups

2 -> I' +["

[ 'contains all modes which become massless as h- 0
and a finite number of other modes such that

Sisr+ Sa =0
VENS atR

Il

E all othermodes



⑳

Sisr+ Sa =0 allows us to perform integralVENS atR

Izp+zn= - ['srlogh - ESaloga
VENS

B - Sulz,
R - Jall

->So el zatzn=ez+ zusher I ha
aER

finite
re-interpret as path integrach
ofquadratic part of
gauge-fixed SFT

11

=e+z/drIdaSws SiN
v

the last expression makes sense as we send h- 0



e

Regulated measure

e
I 0 =(2xp2z + zn]e+z]

14
I

-N(π 'dIr Ida eSis+SR

=(zexp2z +z)
14

xexp[/za+En -3-wieryt]
"ITdXa Hye

witha bit ofwork one can check thatthis expression
is independent of39 as 5-0 so can set y: =h



Regulated measure

the final expression is

e -=dx ko

where

ko =h*EEEA+az
=/4

+Y2(- 3 +e-24ht)]



Super potential
Simplest correction comes to mass term for farmionic

superpartners ofKahler moduli

I X
X

e 49, xe
⑧

X

X X
I-

Here disc diagrams are simpler to compute

X

= -2Hizc(4)
Om superpartner ofX

xx

x acts as supercurrent

P do bkd values ofmoduli

Effective action that reproduces thisamplitude is
&

(withprecise normalization (

-9)deTraEaseSKo



Super potential

this term ~ - ek/2 TIM W ta IFI

ehs unambiguous
under Kahler trIWrle** =2 Re(teld.)) Ko (e-1514) k-15 +f +I
Wr- efWy

we have shown thatthis superpotential is holomorphic
this is done by relating instanton one-loop amplitudes
to threshold corrections in spacefilling branes.
Viewing the D-instanton as an gauge instanton in space filling brave
its action is controled by gauge coupling ofs.f. b.

So Iloop corrections to D-instanton action (like in ko) related to
stop corrections to gauge coupling ofst.b.



Super potential
genthese relations had been shown is toroidal orientifolds List, Planschinn,
Schmidt-SommerfeldOf
Abel Good sell 07

I

we derive them in complete generalityfor any C43 ovientifold

using N =2,2) formulation

this allows us to find the sky-Lou's
threshold formula withwhich the superpotential is

W =2
- - - 842f*(y) -

T(4 +w(x,y))

&14) is some holomorphic or ofmodul

+ Fe, 2) are quantum-corrected holomorphic coordinates



Outlook

· Computing D-instanton corrections from 1stprinciple

SFT with exact measure normalization

withN =

2, 1susy fully under control
· Consider explicitsolvable examples like toroidal

orbifolds or Gepper models & perturb

· Analyse cases withnon-universal zero modes
· higher order corrections Xi et al.


