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O MOTIVATION



Want to construct observables which would help with

identifying classical solutions in O C super SIT 1 in RNSformalism

CFT gs
1113

Fis Et gs 115

I
soln in puresphere Soen in pure disk

Ln SET weak An SFT

e off shell superstring disk amps with I open string sufficient
Kunitomo 22

Feasible solutions I 0 I at themoment marginal defs

Narain moduli space Ei cenijxi

ghost dilaton D etc Ej'd

orbifold blow ups



Gauge invariant quantities provided by

on shell amps for fluctuations t t around It I

Simplest non trivial amps

O pt disk f Z O
O C disk action evaluated on It I see Carlo's talk

1 pt disk u

generalization of Ellwood invariant in OSFT

Hashimoto Hthaki 01 Ellwood 09



4 need off shell superstring disk amps with O open strings

Munich like ionstruction in SH s

n
Erler Konopka Sachs 13

1 CLASSICAL O C OBSERVABLES

FROM BACKGROUND INDEPENDENCE



Tree level truncation of the full quantum O C SET action

SCI E

I I if we I l I il spheres Ss I

I É En we I l o I il t

I of bulk punctures disks IS E I

É t wolt mi ele E

I at least I bdypuncture

0 g e quantum corrections



Consistent classiial background

CFT 11123 Gi
T T T

bulkmatter ghost
boundary state

bed string
Got to

conformal

loupling const

lo I

lo s 0 t closed string spheretadpole

moo O n open string disk tadpole

Equivalently Ian recast the dishpart of the action as

Solti I I wolf mo k 50 t

I
only bdy punctures

fi fi welt link I t

I at least 1 bulk puncture

where we define ljik s t

Wc Io lj e I n 5 it Q Ik

f ild to W Imjin k I Fon at it Ik at



Impose quantum BU master equation and solve order by order in gs

I La algebraO E la er k
OCHA

SDHA I main hi isO mis sa drat k t E

O E la tr k o t hi hi Mr k o

or equivalently
r t

O E la er k t La algebra

O mo n mo s n Ao algebra
hit

O É la tr k s t É É la line Mr k s n



Ex1 examples of SDHA relations

myo ly t Mo my o O

f

BRST charge passesE E
through the elementary
O C product

l loin t lo mo O

E E

Non OCHA

l lo O

boundary state up to a stab is Best dosed

l hi I halo u t lo myo O

I



classical equations of motion

1 vary
the sphere actionwit f

O E F l 15 1
m I interpolates CET g t Et g

t determined up to the La gouge variation

Set I I l la n ai

i
EHe degree oddgaugeparameter

2 substitute Is I in the disk action mi weak An structure

and vary art I

O É o f mj
k I hi 4

ok

m 4 interpolates BCFT BIT
I gives the open string vacuanshift



E determined up to the gauge variations

81 I s E f mi la t j 4 to do g
a
king

j kir
T
tHo degree oddgaugeparameter

f E s E f min k r n hi I
a

I

Schematically therefore have

CET IBD g
t CET IBD g
p

É I determined onlyby OCHA

4 need some

angel
to identify ett 11571 g

functions of I I invariant under fr SA



provided by Ishell shattering amps of fluctuations around I

II B I
on shell scattering amps for ET 1B D J

Expand the action around I

I t I I 4

I 5
fluctuations around the

new background CET B D gs

s Itt 5 4 5 ti t

Ss It t 1 I we t t il
g j o

Iselesphere action



S I I I I if well l o il t

T.ae action

Fo fi t two 4 milk t 4

01g

4 shifted products

lift n nt l E f lj I it n nti

la t n int E f Ilja I it rent I or

mise tin nt i 4,0 04

É É E mirk rte I hint n at 4
0

a 4 a 4 area
Kiki

t try t r



again satisfy SDHA with

a

lot E I lift
hi O

5
ilosed SET com

mo E E f mi r
hi 5 0

o

i
open SIT vacuum shift com

Using the shifted products can economically rewrite

Set s e r

as well as

Sett mi r

S i mo A



On shell scattering amps for IT 1150 gs calculated

using the Feynman rules from S ti 4

starting point elements U't e He A f Ho of the shifted tohomology

l 0 1 0
implicit dependence on

Mo AA U

correspond to some V e Ne and AEHo in the new CFT



Applying for ad S variations obtain

S U life U

as well as

S A s mo A A t mo t A A

S A s my r A

EIC J p t sphere amp

A ft we u etc ut UH

fi's will iii it A
T

computed in the new

background CIT g



apply In

g Sait s f we fav lilo 0 1

Feria

tis
L ext lie la any

I wale 1 10 1 040 11

I w.lu little 0 12

O

Tusing cyclicity etc
I



For higher pt amps need to know how to vary propagators

E g closed string prep he s.t

l hot hid 1 Pt proj on closed string cohom

4 use homological perturbation theory to derive fight

ht f hi s pity

Sahi hi tiler

la hill Rah 1 Of 2

T.ge deiouples



Ed 4 pt sphere amp

A1 I we u I cu n l

It we u flu n 1

Twc u e hate o 0 1

It it imputed in CET gi
I

In practice want observables which are easy to evaluate



O pt sphere amp

Is Z S E

I shift in the spherepartition for
between CET g and It g

on shell ilosed SIT action

N

Ss I É In we E l Ini

O up to boy contributions Erler 21

O pt disk amp a disk partition function

ED ED t S t I
w w b

shift in the disk partition for
tag201157 zig between Bett gs and BIT Ji



oh shell disk action disk iosmologital const
also non OCHA

SDI it Is Effy w aj of
n if

Products

I Eto't w I min Iai 1 04

I A I

can be used to calculate the g function of 1157

see Carlo's talk fordetails

Want to compute also other boundary state coeffs of 1157



I pt disk amp

I we U't lot s f we U't lo o t also non OCHA

g p products
N

Is we U lj I

Is If we ugly 1 15,1 04

shift of the l pt disk amp
between Bett g and BIT g

of Ellwood invariant of OSFT

Note that

1 we u lo S Sol it
I9s

SE it



Specialize I O then

lo s lo t I lo k I ok

x KOZ like boundarystate

defined up to let An exact terms

In general I to

lo 1153 in termsof old CFT states that

Open string gauge variation

Salo lo mo Al

lil lo A
x et exact Iusing shifted OCHA



Closed string gauge variation

Salut e e r t lo m r

i
fromvarying It fromvarying

life o etc e r

using shifted SDHA f f
It exact J

iompensates for g
8,0 0 o

indeed

fr t we U't lo
s t we 8,0 lo
9s

The u

I W U Salo it

The eat
cyclicityn

O



Ext Dp brane on a Narain lattice withmodulus Es g B

g function of 11137

I
11133 E exp In Ri gk hint ni the ked

ki KR

kit 2k o f gluing automorphism
Ig Rt g

s t

Kiln Ai di n 1B O

want to deform

E t É E SE n
8g er et

813 E TFe



Up to Ole

e V t Ole

I e Epimyo re open
V's Ey conijxi

T need P.mn VE O

ie

hop e la t ly ve

lo EPim r t Ole

Want to probeby a zero momentum massless state e.g Sen 19

u e U I P t vis u Ole

5



U Lij co axijyi

Shifted 1 pt disk amp

1 who e lo e
9s

Is we U lo t

we Vilnius well lo EPim r

we u e IIPilon vis
Ole



Can evaluate

we U e lo e

Ig
0111377 Ftr a Rtg i t

t Itr arty trferty
l

Etr lag e'g Itr arty arty
Ole R

At the same time shiftedstring loupling const

1 we vile lo e s f idol9s

computed in the lorrelator in the

old CIT Hilbert spate new EET Hilbert space



where I can receive contributions from generic mass les states

at zero momentum which are excited by I
ghost dilaton

J di so axijxi Dl etc EJ e

Tdi t Jai s SD Ole

YOU

ie Ert Sit

II I too Ig Collin Itr I 2 g 25 ez

Eg 011137 l f tr eat g
1 Ole

I computed from S It I seeCarlo's talk



Equating K with k and keeping only Ole

I tr afRtg

Itr e n at g d 2 g of tr stg a 1 2 2 g l

qtr fatty Y 28D Ole

can compute It provided that we find Sa and SD
should in principle follow by comparing sphere amps
or can use the knowledge of SR for a finite numberof 11137

Sa eg a tag
s

8D I tr ag e'g l



This gives

S R e ret g ntr

4 can be alternativef derived using BCFT techniques t y

2 SUPERSTRING SDHA PRODUCTS



Want to construct the tree level part of the O C SET action

for the RNS superstring

I need to consistently distribute Pcos

Let us forus on the NS sector

I e Hi picture t t t
dynamical string fields

I e Hi picture I

small Hilbert space

Ie H s o s
y É II

te te Es o s y I



S I E constructed by Erler Konopka Sachs 15
I

Ii if we I L tail
THIS TALK

I É Ia Wi I It il

Fi t wilt Mi i tri 41

i
constructedby Kunitomo 22

0 g

need to construct cyclic products Lj Lito M i

acting on Hi Hi s t

0 É Ii Lt t

o I Mi's Lii min mini I

o I.si iii l Ii iii Mii



Input degree odd picture 0 bosonic products mjik s t

miiklgfiigy.tk
e ni contains so É

is a pure surface state withgeometry givingthe bosonic off shellamp

mi e does not iontain any superghost contours

I

f not t

A X Aix

i t

A



yo Mj k Ani Aj i Xp Xk s
p yo

s yo t yo

mj k Y An Aj i Xp Xk

si d Ar
t t d Ai mj An Aj i yoXi i Xk

Or ioncisely

Yo mj k O

f
acts as yo

on closed string slots

Ian insistently restrict

milk Hi I a Ros 0k Hi
pStates At Hi s t gotA O

4 allow for Eos Go go



Bpa dual closed string perspective degree even cyclic Liii sit
Pk 1 8

wi Ao Liii Ain nai i Xi o o Xi l
i wi f m jet k Ar 1 nAj X Q Q Xh Xk

d wit d wilt I

Iii indeed degree even

Have

y Lj 0

can restrict

Lili minion i ni

BPE dual to the restriction m k Kitto Ros k H



However

0 Yi Lili Lj s e
degree odd

Pacts only on closed string slots

yo lj k O

can consistently restrict

link Hi I o Je
0

s yes

Finally define Lj as pure surface states in Hi withgeometry
giving an off shell bosonic amp with only bulk insertions and

yi Liii Lii l o



Products mj k Lf defined in terms ofpure bosonic geometry

I mil n mo h s n
0 It mis sa drat k

t E

o I en L'iii s É É Lilia mr k.sn
p
sick

linear in the Jli products Liii

can act with yi a to obtain Res bosonic homotopy relation

O É la tr k s t É É la l int Mr k s n



Strategy

1 Run a chiral Munich ionstruction with i starting with

lj milk duals Lili Lito

bosonic products sit yi O

obtain Rio Hos superstring products

2j 1

j Mit duals Lili Lj o

i t
symmetric construction Kunitomo 22

of LEKS 15



2 Apply yi to obtain Rio Hos superstring products

L'j Mit duals Lili's Li

General all order construction technical and not so illuminating



EY construct Li needed for 2 pt closed string disk amp

start with the bosonic products

l Qc la Lolo Lio myo Lo

satisfying the homotopy relation

Qc Lii Cee Loi Lii m 0 e

cyclic degree odd gauge product gbosonic
picture deficit 2

A yi a o
22

leg Ali's is L L s



cyclic degree even picture deficit I product

s Q 11 ti It L

Itoh
a in ma Lui m

so Lol Im s

n yi Li O

homotopy relation

O Qc La 4 Li Liii
Tete l

Lol'm Lo M z
n

Qed di Q Quit miQe



cyclic degree odd gauge product

Ai Gina d

leg Ali El's L Lii's

cyclic degree even picture deficit O product

Lit Q 1 ti I Li
That 5 ol

ait mis t su m's

2 yi Li O



homotopy relation

O Cae La 4 Lii Lo M
in

Qc t I

apply yi 7 to obtain degree odd superstring products

naive applicationof Munich
Lit Lai Li construction in H

i Q x ti It Li

xiii mis t him
Ti a it Fri sits

1 Lil Lin Li I correction to ensure
that yi LI l o



correct superstring homotopy relation

O Qc La Li Lii Lol M

D

Application tompute observables for perturbative O C solns



Marginal deformation

ul mu ta Bit Viv Ole

n
s

m EPity v Olm

assume

O QU P Li V V me bulk exactmary

O P Mn V m bdy exactmary



e.g

Narain lattice V e j ee y't e
t t t Dp brane

ghost dilation

I



O 1 2 pt amps
at zero momentum

Shifted disk partition function

ED t t Mw V Idi

n'w v Iii'll
Oln

with

Iii P Ll

It P Lii Li Lii Lii t.IM



Expand in terms of bosonic products and explicit Xo Yo contours

I s z t MW Vitor
pie e Épilno dont.im
I s matrix elt

t In w XoV Ino Irl

terms localized at

open and closed degeneration

t O us involvingPi Po

Xi si

Can explicitly evaluate see Carlo's talk

I w XV Ino Irl

I diss I d
yes

c x

1 1



x Xo Vli i box V is is
e o

E t O

factually localizes at degeneration when

N 2 Ws SUSY present

For Narain lattice deformations e V e Ee ee y if i e t t

I w XoV I o Xin s f tr fig ig
i
É s It

localized contributions g tr g 5

trig lig it

Total shift in the disk partition function

ED Z Eg If trig I tr g if

I trlg.li g it ft Lig ig



0 E3

E i Ey t e g s a Oley
have to redo using
NSNS super SET

identical results as in the bosonic setting

SUMMARY OUTLOOK

CFT gs
1113

j
EFT gs 115

can provide gouge inv observables for classical O C solus

using on shell amps for fluctuations around I

can compute all off shell superstring disk amps
I given the bosonic products

Munich construction for b 1 or even g o

D brane deformations in non trivial backgrounds

RR defs
I blowing up orbifold singularities
Gernerpoints


