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Abstract: | review the status of (open covariant) cubic superstring field theories, their successes and their problems. | then propose a new superstring
field theory, which avoids previous problems. The picture number is not restricted in this theory and the NS and Ramond sectors are naturally
unified. Constructing the BV master action is straightforwards and leads to a theory which is defined in the whole Hilbert space, i.e., including all
ghost and picture numbers and all the relevant sectors. When (partially) gauge fixed and restricted to the NS sector, this new theory reduces to the
old one. Hence, al the good known properties of the old one are shared by the new theory.
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Plan of the talk

= Introduction

= Bosonic Stning Field Theory

= RNS Superstring

= Cubic Superstning Field Theory

#= Democratic-Picture Superstring Field Theory
= Challenges and Successes
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Introduction

We discuss only open, covanant string field theores.

= Motivation:
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Introduction

We discuss only open, covanant string field theores.

= Motivation:
1 A non-perturbative definition of string theory

Qrmerct=no Fiald Thanro 1 tha Termneratie Dhetrrrae W B rengter Desssmotse Troctitirte Avo— 21700+~ 2/ 78



Introduction

We discuss only open, covanant string field theores.

= Motivation:
= A non-perturbative definition of string theory
= Avoiding explicit covering of supermoduli space
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Introduction

We discuss only open, covanant string field theores.

= Motivation:

= A non-perturbative definition of string theory

= Avoirding explicit covering of supermoduli space
= String field theory 1s (conceptually) the most

straightforward generalization of what 1s done 1n
particle physics
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Introduction

We discuss only open, covanant string field theores.

= Motivation:
= A non-perturbative definition of string theory
1 Avoiding explicit covering of supermoduli space
= String field theory 1s (conceptually) the most
straightforward generalization of what 1s done 1n
particle physics
= In field theory the action tells us about:
Quantum scattering

= Non-perturbative effects, e.g., solitonic classical
solutions
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Analogy with Particle Physics

= Single particle classical equation

= Replace vanables by operators (1% quantization)

= Remterpret equation as a classical field equation
= Find action giving this equation

= Add mteraction terms (respecting symmetry,
renormalizability. . )

= Quantize again (2°¢ quantization)
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Analogy with Particle Physics

= Single particle classical equation
p'p, +m* =0
= Replace vanables by operators (1°° quantization)
—0"0,0 + m?6 =0
= Remterpret equation as a classical field equation
= Find action giving this equation

= Add mteraction terms (respecting symmetry,
renormalizability. . )

L = —1(0* 68,0 + m?2¢?) — %o

= Quantize again (2°¢ quantization)
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Aim - String Field Theory

= In stning theory the form of the mteraction 1s fixed
from the first quantization

m Constramts plausible string field theories

= Predictive power for studying non-perturbative
effects

= Goal: find an action that reproduces correctly string
scattering (witten 1986)
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String Field Theory — Ingredients

= The (classical) string field lives n the space
mcluding ghosts, the “Hilbert space”™: ¥ € H
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String Field Theory — Ingredients

= The (classical) string field lives mn the space
mcluding ghosts, the “Hilbert space™: ¥ € H

# Ghost number one (classically)
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String Field Theory — Ingredients

= The (classical) string field lives mn the space
mcluding ghosts, the “Hilbert space™: ¥ € H

# Ghost number one (classically)

= In flat space:
U — (T(rg)cl + Ay (xo)a jc1 + Clxo)co + . ) 0)
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String Field Theory — Ingredients

= The (classical) string field lives mn the space
mcluding ghosts, the “Hilbert space”: ¥ € H

# Ghost number one (classically)
= In flat space:

U = (T(zo)er + Au(zo)e je1 + C(zo)eo + - - . ) |0)
= String fields interact by half-string gluing
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String Field Theory — Ingredients

= The (classical) string field lives mn the space
mcluding ghosts, the “Hilbert space”: ¥ € H

# Ghost number one (classically)
= In flat space:

¥ = (T(zo0)e1 + Au(zo)o je1 + C(zo)co + .. ) |0)
= String fields interact by half-string gluing

= Perform gluing by “integration” and “star product™
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String Field Theory — Ingredients

= The (classical) string field lives n the space
mcluding ghosts, the “Hilbert space™: ¥ € H

# Ghost number one (classically)

= In flat space:
. = (T(Ig)cl + A, (xo)a jc1 + Clxo)co + . ) 0)

= String fields interact by half-string gluing
= Perform gluing by “integration” and “star product™

= The BRST operator () 1s a dertvation
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String Field Theory — Coordinates

h\‘ - | ?
'y 2
| Mobrus
/ arctan
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String Field Theory — Coordinates

= ':.\\_
N

Maobmas

/ arctan

e

f \\ 1*\112 . -
*-product
Integration = evaluating the CFT expectation value
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String Field Theory — Ingredients

= The (classical) string field lives mn the space
mcluding ghosts, the “Hilbert space”: ¥ € H

® Ghost number one (classically)
= In flat space:

U = (T(zo)er + Au(zo)e je1 + C(zo)eo + - - . ) |0)
= String fields interact by half-string gluing

= Perform gluing by “integration” and “star product™

= The BRST operator () 1s a dertvation
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String Field Theory — Coordinates

N

arctan |
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String Field Theory — Coordinates

N

:;:
|

Maobms

/ arctan

w
Z
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f ‘I’ 1*\?-2 =
*-product
Integration = evaluating the CFT expectation value
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Star Product — Cylinder Coordinates

¥ KX 7z r — F 2
e e o P = = S e o el e P, == Lo
. 2 2 2 2 = 2 2 z

= Strip length 1s additive

= Can be rescaled back by a conformal transformation

= OPE can replace ¥;(17) by insertions at the origin
= The mid-point 1s sent to infinity
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String Field Theory — Mid-Point

= The mid-point 1s invaniant under the star product
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String Field Theory — Mid-Point

= The mid-point 1s invaniant under the star product

= Two mud-points (doubling trick)

Crpruneetemey e TWrslA Thanro 1+ tha Tesmneratie et rrras W B enoter Dessrmotoes Trotitnmte Avo— 21700 -~ OF 75



String Field Theory — Mid-Point

= The mid-point 1s invaniant under the star product
= Two mud-points (doubling trick)

= Only zero weight primaries can be allowed at the
string mid-point
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String Field Theory — Mid-Point

= The mud-point 1s invaniant under the star product

= Two mud-points (doubling trick)

® Only zero weight primaries can be allowed at the
string mid-point

= Collisions of operators at the mid-point imposes
further restrictions
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String Field Theory — Mid-Point

= The mid-point 1s invaniant under the star product

= Two mud-points (doubling trick)

= Only zero weight primaries can be allowed at the
string mid-point

m Collisions of operators at the mid-point imposes
further restrictions
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String Field Theory — Mid-Point

= The mid-point 1s invanant under the star product

= Two mud-points (doubling trick)

= Only zero weight primaries can be allowed at the
string mid-point

m Collisions of operators at the mid-point imposes
further restrictions

= How to define the space of allowed string fields?
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Bosonic String Field Theory

The * 1s implicit from now on. It 1s the only possible
product of string fields.

= Action (Witten 1986): S =— [ (39QVY + ;7°)
= Equation of motion: QU + ¥? =0

= Gauge symmetry: OV =QA + [V, A
(|-, -] 1s the graded-commutator)
Finite gauge transformation:

¥ e MQ + T)e?
= Reproduced known scattering results (Giddings 1986. . )
= Analytical solutions are known (Schnabl 2005.. )
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RNS Superstring — Picture Number

= Zero modes of the superghosts imply a degeneration
of vertex operators

= The zero modes of the (fermionic) be system give a
two-fold degeneracy (integrated / non-integrated
vertex operator)

= The zero modes of the (bosonic) G system give an
miinite degeneracy (picture number)

B (Fricdan, Martinec, Shenker 1985). B = e ?0€ v = ne’
pic(n) =—1,  pic(§) =1,  pic(e")
= Now, V[ X* ¥* b,e,n, &, 0| € Hs,
the “small Hilbert space” (without &;). The “large
Hilbert space”, 1S “twice as biz”
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Superstring — Large Hilbert Space

® 79 has trivial cohomology 1 the large Hilbert space
Mo, £(2)] =1 £ 1s a contracting homotopy operator
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Superstring — Large Hilbert Space

= 79 has trivial cohomology 1 the large Hilbert space
Mo, £(2)] =1 £ 1s a contracting homotopy operator

m @ has trivial cohomology m the large Hilbert space
B P(z)] =1 P = —ctote*®
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Superstring — Large Hilbert Space

® 79 has trivial cohomology 1 the large Hilbert space
M0, £(2)] =1 £ 1s a contracting homotopy operator

m @ has trivial cohomology m the large Hilbert space
. P(=)] —1 P — ¢tdte™™

m[Q, 7] =0 1o 1s a derivation of the x-product
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Superstring — Large Hilbert Space

= 79 has trivial cohomology 1 the large Hilbert space
Mo, £(2)] =1 £ 1s a contracting homotopy operator

m  has trivial cohomology m the large Hilbert space
. P(z)] —1 P = —ctote™®

m[Q, 7] =0 1o 1s a derivation of the x-product

® (Q.£(z)] = X(2) picture changing operator
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Superstring — Large Hilbert Space

® 79 has trivial cohomology 1 the large Hilbert space
Mo, £(2)] =1 £ 1s a contracting homotopy operator

m Q has trivial cohomology m the large Hilbert space
. P(z)] —1 P = —ctofe™®

m[Q, 7] =0 1o 1s a derivation of the x-product

m (Q.£(z)] = X(2) picture changing operator

2)|
® [no, P(z)] = Y (2) inverse picture changing operator
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Superstring — Large Hilbert Space

= 79 has trivial cohomology 1 the large Hilbert space
Mo, £(z)] =1 £ 1s a contracting homotopy operator

® @ has trivial cohomology m the large Hilbert space

:Q,P(:::)] — P = —cfdte™®
L 'Q No] = 1o 1s a derivation of the x-product
1 (z)] = X (z) picture changing operator
1 P(z)| = Y (z) inverse picture changing operator
-X,YE'H g, [mo, X] = 0and XY are closed,
e [().Y]= 0 (graded—J acobi-identity)
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Superstring — Large Hilbert Space

= 79 has trivial cohomology 1n the large Hilbert space
1m0, £(2)] =1 £ is a contracting homotopy operator

m @ has trivial cohomology m the large Hilbert space
B P(2)] =1 P = —ctdte™®

m[(Q,n) =0 1o 1s a derivation of the x-product

m Q. &(2)] = X (2) picture changing operator

m [no, P(z)] = Y (2) inverse picture changing operator

m XY €¢Hg,eg,[n, X] =0and XY are closed,
e.g., |Q, Y] = 0 (graded-Jacobi-identity)
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Representing Vertex Operators

= Small Hilbert space at a fixed picture:
o — 0 V ~V+QA
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Representing Vertex Operators

= Small Hilbert space at a fixed picture:
QL.T = 0 L" i L" + Q‘X

= Large Hilbert space at a fixed picture, £, component:
oQV =0 V ~V +QAg + noAy,
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RNS Superstring — Picture Number

m Zero modes of the superghosts imply a degeneration
of vertex operators

= The zero modes of the (fermonic) be system give a
two-fold degeneracy (integrated / non-integrated
vertex operator)

= The zero modes of the (bosonic) 5 system give an
miinite degeneracy (picture number)

W (Friedan, Martinec, Shenker 1985); (3 = e~ ?0& v = ne’
pic(n) =—1,  pic(§) =1,  pic(e")
= Now, V[ X* ¥* b,e,n, &, 0| € Hs,
the “small Hilbert space” (without &;). The “large
Hilbert space™, 1S “twice as big”
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Representing Vertex Operators

= Small Hilbert space at a fixed picture:
o — 0 V~V +QA

= Large Hilbert space at a fixed picture, £, component:
noQV =0 V ~V +QAg + noly,
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Representing Vertex Operators

= Small Hilbert space at a fixed picture:
QV =0 V~V +QA

= Large Hilbert space at a fixed picture, £, component:
7oQV =0 V ~V +QAg + noAy,

= Large Hilbert space at a fixed picture, with the
non-£, component as the physical one Berkovits 2001):

Q—+Q=Q—m
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Representing Vertex Operators

= Small Hilbert space at a fixed picture:
Y — 0 V~V +QA

= Large Hilbert space at a fixed picture, £, component:
noQV =0 V ~V +QAg + noAy,

= Large Hilbert space at a fixed picture, with the
non-£, component as the physical one Berkovits 2001):

Q—>Q=Q—mn
= Large Hilbert space at an arbitrary bounded picture:

Q — Q, picture changing i1s generated by QA
znc g szn Adec — Vmam
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Cubic Superstring Field Theory

= In the small Hilbert space the expectation value 1s
non-zero only for picture number —2
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Cubic Superstring Field Theory

= In the small Hilbert space the expectation value 1s
non-zero only for picture number —2

® Action (Witten 1986):

1 1
Sns = — / (5YQY + X T°)

pic(¥V) = —1 X — md-point insertion
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String Field Theory — Coordinates

=
N

ﬁ‘ | 1 1
£ . .
Mobius
&
F |
/ arctan

[ W15,

*-product
Integration = evaluating the CFT expectation value
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Cubic Superstring Field Theory

= In the small Hilbert space the expectation value 1s
non-zero only for picture number —2

® Action (Witten 1986):

1 1
. / (5¥QU + - XV

pic(¥V) = —1 X — mid-point insertion
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Cubic Superstring Field Theory

= In the small Hilbert space the expectation value 1s
non-zero only for picture number —2

® Action (Witten 1986):
o (511162\11 — §X\If )

pic(¥V) = —1 X — mud-point insertion

= Collisions of picture changing operators in
iterated gauge transformations and m the evaluation
of (tree) diagrams (Wendt 1989)
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Modified Superstring Field Theory

= Modified cubic theory
(Preitschopf, Thom. Yost 1990; Arefeva, Medvedev, Zubarev 1990):

e 1 :
S;VS = /}’_2(5\IIQII'—|—§‘I!3) pZC(\I}) — |
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Modified Superstring Field Theory

= Modified cubic theory
(Preitschopf, Thom, Yost 1990; Arefeva, Medvedev, Zubarev 1990):

A 1 :
S_.-VS = —= /Y_z(;@@‘lf—l—gqjg) pZC(\I’) —=

= Y 5 has a non-trivial kermnel. Non-mimimal
superstiring field theory (Betkovits, Siegel 2009;: MK 2009)
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Meodified Superstring Field Theory

= Modified cubic theory
(Preitschopf, Thom, Yost 1990; Arefeva. Medvedev, Zubarev 1990):

L 1 :
S‘.VS = /Y_g(apoqj+§‘I!3) pZC(‘Ij) — |

= Y 5 has a non-trivial kermnel. Non-mimimal
superstiring field theory (Berkovits, Siegel 2009;: MK 2009)
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Medified Superstring Field Theory

= Modified cubic theory
(Preitschopf, Thom, Yost 1990: Arefeva. Medvedev, Zubarev 1990):

e 2 1 .

= Y 5 has a non-trivial kermnel. Non-mimimal
superstring field theory (Berkovits, Siegel 2009;: MK 2009)

= Different Y_5’s are classically equivalent (M K 2009)
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Modified Superstring Field Theory

= Modified cubic theory
(Preitschopf, Thom, Yost 1990: Arefeva. Medvedev, Zubarev 1990):

i 1 |
e f La(SUQUAZYY)  pic(¥) =0

= Y 5 has a non-trivial kermnel. Non-minimal
superstring field theory (Berkovits, Siegel 2009;: MK 2009)

= Different Y_5’s are classically equivalent (M K 2009)

= Classically equivalent to non-polynomal superstring
field theory (Fuchs, MK 2008; MK 2009)
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Modified Superstring Field Theory

= Modified cubic theory
(Preitschopf, Thom, Yost 1990: Arefeva. Medvedev, Zubarev 1990):

T 1 .
S‘-'VS = —= /Y_Q(apo‘p+§lD3) pZC(\II) —

= Y - has a non-trivial kernel. Non-mimimal
superstring field theory (Berkovits, Siegel 2009;: MK 2009)

= Different Y_5’s are classically equivalent (M K 2009)

= Classically equivalent to non-polynomal superstring
field theory (Fuchs, MK 2008; MK 2009)
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Ramond Sector: Collisions

= Gauge transformations: pic(a) = —

5D | =t

00 = QA + [¥, A] + X[e, X]
da = Qx + |a,A] + |, x]
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Ramond Sector: Collisions

» Gauge transformations: pic(a) = —

N | =t

00 = QA + [¥, A] + X[e, X]
da = Qx + [a, A] + |, x]

= A simple case:

Uo=A=0  apx a0, x] #0 Q@x=0
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Ramond Sector: Collisions

= Gauge transformations: pic(a) = —

IND |

00 = QA + [¥, A] + X][a, X]

= A smmple case:
lIJOZI\:O QUX[QOX]%O QXZO

a— o Cku-i-X[:OfogX:.—X]
U — X[ag, X] 2X a0, x.

Crmwerctrrno Eiald Thoameo 31 the Tiesmneratys Dyetrnes W B emoior Dosseyatos Tooctbmtase Ao 21 MWW _ - 180 15



Ramond Sector: Collisions

= Gauge transformations: pic(a) = —

N |

00 = QA + [¥, A] + X]e, X]
da = Qx + [a, A] + [T, X]

= A smmple case:

o —> 87y — O _l_XI:a{]XX]

- [[[aro, x], x], x

Crmwerctrrno Fiald Thoamro 1 the Tiesmneratys Dertrres W B eaotoer Doassrmaters Trnoctrtmte Ao 21 W0 _ - 180 18




Possibilities for SFT construction

= The cubic theones extend small Hilbert space vertex
operators (but suffer from collisions)
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Possibilities for SFT construction

= The cubic theornies extend small Hilbert space vertex
operators (but suffer from collisions)

= The non-polynomial theory extends the &, based
construction (but no 10d (Ramond) covanant action)
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Possibilities for SFT construction

= The cubic theonies extend small Hilbert space vertex
operators (but suffer from collisions)

= The non-polynomial theory extends the &, based
construction (but no 10d (Ramond) covanant action)

= Q-based formulation with fixed picture number
cannot work 1n the Ramond sector
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Possibilities for SFT construction

= The cubic theones extend small Hilbert space vertex
operators (but suffer from collisions)

= The non-polynomial theory extends the &, based
construction (but no 10d (Ramond) covanant action)

= Q-based formulation with fixed picture number
cannot work 1n the Ramond sector

= Define a theory that extends the Q formulation with
all picture numbers allowed
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SE'T 1n the Democratic Picture

= Action:

L= —fo(%xp@xy + %\113)
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SE'T 1n the Democratic Picture

= Action:
S =— 0(111@\1; + 1@3)
2 3
= Gauge transformation:

o0 = QA + [, A]

Crrrvnecrtrren TTiald Thoarro 31 the Thesmaeratis Dyetnes W B eooier Dossemvatss Troctthmie Ao 21 WW0 _ - 190 78



SET in the Democratic Picture

= Action:

L= —j{@(%lﬁ@\ﬁ + %@3)

= Gauge transformation:

oW = QA +[U, A]

= The inclusion of the Ramond sector 1s
straightforward and natural: ¥ — ¥ + «
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SET in the Democratic Picture

= Action:

L= —fo(%m@@ + %»1;3)

= Gauge transformation:

o0 = QA + [, A]

= The inclusion of the Ramond sector 1s
straightforward and natural: ¥ — ¥ + «

= What can O be?
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The mid—point insertion O

= It must be a mid-point msertion: associativity of the
star product, gauge imnvariance, OPE smgularnties...

Crmmerctrrno Fiald Thoarro 3 the Tiesmneratis Dyetnrers W B eoter Doassemvatss Toctthmte Ao 10 -~ 107 78



The mid—point insertion O

= It must be a mid-point msertion: associativity of the
star product, gauge imnvariance, OPE smgularnties...

» Gauge transformations should be symmetries
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The mid—point insertion O

= It must be a mid-point msertion: associativity of the
star product, gauge imnvariance, OPE smgularnties...

» Gauge transformations should be symmetries

= The mntegration 1s mn the large Hilbert space, but

should reduce to the standard case for pic(¥V) = 0
and ¥ m the small Hilbert space: O =&Y 5 + ...
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The mid—point insertion O

= It must be a mid-point msertion: associativity of the
star product, gauge mnvariance, OPE smgularnities...

» Gauge transformations should be symmetries

= The integration 1s mn the large Hilbert space, but

should reduce to the standard case for pic(¥V) = 0
and V¥ m the small Hilbert space: O =&Y 5 + ...

= Other picture changing operators?

>, E f K- Sl n >0
271 Z—w

== 1 XR{O — Yn
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Gauge Transformations

= For msuring gauge mvariance we have to demand

[Q— O} =0,0 = Z O, = [Q On] == [770- On+1]

nel
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Gauge Transformations

= For msuring gauge mvariance we have to demand

Q.01=0,0=) 0, = [Q, O] =n,0nu]
nel
m In particular: [Q,O_;]| = XY 3 =Y = [, £Y]
—¥ —F > €5t
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Gauge Transformations

= For msuring gauge mvariance we have to demand

Q.01=0,0=) 0, = [Q.0,]=[n0,Onu]
nel
m In particular: [Q,O_;]| = XY 3 =Y = [, £Y]

s—ft¥ — P >~ €h-—¢
1 dz

2nt J, Z—W

= Generally: O,, =

§(2) Xn—1(w)
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Gauge Transformations

= For msuring gauge mvariance we have to demand

[Qf O} =0,0 = Z . —= [Q On] . [UO Oﬂ+1]
nel
m In particular: [Q,O_;]| = XY 5 =Y = [, &Y]
Be—F —F — @65 —¢

1 dz
= Generally: O, = jg §(z) Xn—1(w)

271 A ])

= Picture changing 1s a (lineannzed) gauge
transformation. Non-zero action for any picture
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Gauge Transformations

= For msuring gauge mvariance we have to demand

[Qf OJ =0, 0= Z O, — [Q On] i [UO 0ﬂ+1]
nel
m In particular: [Q,O_;| = XY 5 =Y = [, £Y]

Q=Y =P = O =¢

1 dz
= Generally: O, = — £(2) Xn_1(w)

2nt J, z— W

= Picture changing 1s a (lineanzed) gauge
transformation. Non-zero action for any picture

c How to deal with the gauge symmetry?
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The BY Formalism

= The BV (anti-field) formalism 1s a “covanant
Hamiltoman formalism”

m It 1s especially usetul for reducible gauge systems
and gauge algebras that use the equations of motion

= To the classical fields one appends ghosts, ghosts for

ghost, etc...

These are the “fields”. To each field

there corresponds an “anti-field”, with opposite

statistics. T

his defines an odd phase space

= The classical action and gauge transformations serve
as boundary conditions to the “master action”: S

= The master action obeys the “classical master

equation”- {S, S} =2) &3%3 _ g

0o 00%
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The BV Formalism for Bosonic SFT

= The classical bosonic string field has (15° quantized)
ghost number one, the ghost field has zero... The
antifields can be defined with ghost numbers two
and higher. Together they can be summed to a single
(odd) string field Bochicchio 1987; Thom 1987)

= The bosonic master action looks formally the same
as the classical action

= The master equation 1s obeyed:

= / (QY + ¥%) (QV + ¥?%) =0
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Bosonic String Field Theory

The * 1s implicit from now on. It 1s the only possible
product of string fields.

= Action (Witten 1986): S =— [ (39QV¥ + 39°)

= Equation of motion: QU + ¥? =0

= Gauge symmetry: OV =QA + [V, A]
+ ([-,-] 1s the graded-commutator)
Finite gauge transformation:
¥ e MQ + T)e?

» Reproduced known scattering results (Giddings 1986. . )
= Analytical solutions are known (Schnabl 2005.. )
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The BY Formalism for Bosonic SFT

= The classical bosonic string field has (15° quantized)
ghost number one, the ghost field has zero... The
antifields can be defined with ghost numbers two
and higher. Together they can be summed to a single
(odd) string field Bochicchio 1987; Thom 1987)

= The bosonic master action looks formally the same
as the classical action

= The master equation 1s obeyed:

= / (QY + ¥%) (QV + ¥?%) =0
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The BV Formalism for Super SFT

= The classical string field has arbitrary picture
number and ghost number one... The antifields have
arbitrary picture number and ghost numbers two and
higher. Together they are summed to a single (odd)
string field with arbitrary picture and ghost numbers

= The master action 1s the same as the classical action

= The master equation is obeyed (using [Q, O] = 0):
{S.S} =§0O(QY + ¥*)(Q¥ + ¥*) =0

= Very aesthetic result: fields and anti-fields are
unified and the whole Hilbert space (sectors, ghost,
picture) 1s used (compare to the non-polynomial
theory Berkovits, MK Zwiebach — in progress))
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Challenges and Successes

= Challenges

Crrmwmrctrrao Hiald Thamro 3 the Tiesmneratis Dyetnes W B erootfor Dossemyatses Tooctttmte Ao 21 WW0 - A4S 8



Challenges and Successes

= Challenges

Define multiple picture changing operators as
(zero-weight) primaries

Crrmwnrrtrrro Hiald Thoameo 3 the Thesmaeratyes Desetnes W B erotor Dossematses Trctthmte Ao 21 W - 40 8



Challenges and Successes

= Challenges
Define multiple picture changing operators as
(zero-weight) primaries
» Supersymmetry
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Challenges and Successes

= Challenges
Define multiple picture changing operators as
(zero-weight) primaries
= Supersymmetry
The space of string fields
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Representing Vertex Operators

= Small Hilbert space at a fixed picture:
QV =0 V ~V+QA

m Large Hilbert space at a fixed picture, £, component:
oQV =0 V ~V +QAg + noAy,

= Large Hilbert space at a fixed picture, with the
non-£; component as the physical one Berkovits 2001):

Q—Q=Q—mn
= Large Hilbert space at an arbitrary bounded picture:

Q 3.6 picture changing i1s generated by QA
znc g szn Adec e Vma:c
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Challenges and Successes

= Challenges
Define multiple picture changing operators as
(zero-weight) primaries
u Supersymmetry
The space of string fields
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Challenges and Successes

= Challenges
Define multiple picture changing operators as
(zero-weight) primarnes
» Supersymmetry
The space of string fields
Gauge (picture) fixing and quantization
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Challenges and Successes

= Challenges
Define multiple picture changing operators as
(zero-weight) primanes
u Supersymmetry
The space of string fields
Gauge (picture) fixing and quantization
® Successes
= Picture changing 1s a gauge transformation
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Challenges and Successes

= Challenges
Define multiple picture changing operators as
(zero-weight) primarnies
m Supersymmetry
The space of string fields
Gauge (picture) fixing and quantization
m Successes
= Picture changing 1s a gauge transformation

Classical solutions, mncluding vacuum solutions
(Fuchs, MK 2007; Exrler 2008; Fuchs, MK 2008; M.K 2009)
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Challenges and Successes

= Challenges
» Define multiple picture changing operators as
(zero-weight) primaries
u Supersymmetry
The space of string fields
Gauge (picture) fixing and quantization
m Successes
= Picture changing 1s a gauge transformation

Classical solutions, mncluding vacuum solutions
(Fuchs, MK 2007; Erler 2008; Fuchs, MK 2008; M.K 2009)

= Umly the NS and Ramond string fields and use
the whole Hilbert space
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Thank
You
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