/—\/_\

w/ K Manster, S. Konopka. , 77 Evler, B. Jurco, H. Doubek , M.Markt , X Cieliebok

Plan :
e Introcluction Sér/'nﬂ éhoarg (open)
7‘ o Batalin— Vilkoviskd action
A . //omo/o'?;] (ass ) a/aebros

7—' . closecl and open/clesad stnngs
_/ o Open-closeol l’bmofvfwa Q[a&bm (ocus)

e Quantum BV action
E o TRLee alaebras

e BOCHA

Str ng H‘Leorg M’L‘—Q@ a[gebrag Zve Sachs, Lin
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A) O):)en Strin 85 :

4+4 o(cml world sheeé 2 [Sur,cace,) embedded (n (H a)
€9. M- 7]2 9 Pseudo Kiermoannian .

——

o D s Pé arbicle
_ana cSs ;

g = {[2 g(x.x)+em®] Jt
fc K X:Z2 — M ’ (ﬁ'L)wOrld sheet
e-= mﬁ ‘I,*

AT Fé } ((0:)——3 NN "l'lolomoq:l««'c"
L—v >t C.Om,., : \j

oy LZ \‘—\ ‘ f_/ topalogcal string

3eodesn'c mo{:\'on : m[m'rna/ area: H= S% (olx,/\* dx)

2015-01-22 00:18:35 2/40

SRNI-2015 (2/40)



EXC‘t't.(aélbn.S : D > i/\
7 lo-
/-’l

dilbert space. : Hy = ZZ(CN(I'M)) + OE& L =[oT], D"x/o':oon-

éL.mQ QU'O&té[OH.: uf_ : Jt I —92{1‘ d(-?.f(ne,cl ]Q:rma(lt& -“«"Ouah

rm _L_
utD(z,X,,] {g gDD(]DEh-J QN’H[XJ

AY
X:Ix[ot]l>M (monocdal) funclor
X(6,0) = x,(7) .On ca{he,gon& of
X (6.¢)=X2(52) tntervals o cath. of

Hilberl spaces.

X' formal exPanSLbn parameter (dimension &nod{hz)
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AW=04t z0+T
AN =0-E=0-¢T

(/w(..ck\ ana [am’: ic conbiuokon: L= L T

\ then for q = Eucliclean metric

- v/ Qv

)
DIx)e « Ffom measure

Furthermore, (f dim(H) = 2¢ then the worldsheet metric , h
enters on /3 through s conformal séruclure.

’Redunolanaa In gD[hJ: can be talen care of ba BRST
formalism :
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TLlustration : 731{ f?ah{—t'c/e, € D E+st |, St=E(¢) reparam.
Se =- (58).

- Rlxe] -Alx.e.Bb.c]

S Dlel e —? S D[elDI[BIDILIDI:Y @

Alx.e, B b.c] = f[;f— q(x.x) +em*+(B(e-4) -ebc ]

® ) and b)) ,eovm an antrcommutalve Ola‘el:m. N\
bec =- c®b

Eliminahor of B en-rowce.s es4. 7The kegu(-/-;'na achon
ACX,b,c] has a ndl Pofené samme{—ra : SQX = cx
SQb = (_5(7-_”’”1-)
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Sa JeneraéeoL by O=cH ,H=(-x+m) (Ham.ttorian )

H =o P“lﬂS(baJ, (on mass shell) condition

Def:
QY =0, YK s t’he_/o_hasc'ca[ state cond/ctron
Yy~ y+ay , ¢c L, Yand ¢+Qy ave_gg_ujgeguwaleng

e Q‘zz , 8& IS G ncllpoéem{; Sammeéna.

7he same procedure applies for the (cFr) of the
raded wecfor space

Sénn with the resultin Ht“:er{sv:ace as a
= /* C™(t, /'7)) M%v—adecl manifold, and
Q 2Cn L-h / L,., Z aener-aJ-e ’nalomorfal’c (COWF)

hey .
Fe part metrnzabons

" Jhe Space of physico.l States. is ZP“%S = coh (Q)deg .

A n+dq
zZ

-
—
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Operator state Corresponc{ehce:

|2
T i T N
\ Z2=0C > /:_\
t+=-L00 t t=-100
< A[X9
Wy o WX = (DL'X'J o " Wlx](o) | (CcFr)
X'%,0) = X [o)
— radial or-c/erl'ng
ML'[:LL ’[oaz/ operafor ": WEX] (°) = P[;(;DX'/ DZX.'-»] {0)
(BP2) inner Pr'oducr’; ('%' ’%‘)BP&~ f’m ((Z "?’)(z) ")V (%))
(caraded 55mrn.) Zﬁw (I(Z) =~ -% )
BP2

2015-01-22 00:18:36

7/40 SRNI-2015 (7/40)



. Due to the SL(2,R) isom. of +he punc/ured disk the C[dc] -
measure has 32 odd 2ero modes which we denote by CoiCty-
© The Phasica( aracum 15 defned as 1) =C, 10> .

= ///;Aas ’A-OPeraJor coh (@) ’dea 0
Product on IHx® I

if\:[/:;; ﬁlue, coné
D S o

Y

Nown- commutive but asseccatie. .
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Y2

TInteractions : Yz

Y, € j(l';

/%

Swnce there s no 79re{¢r|—-ed mteraction Ppochts we should in-f-%ra{e.

—?decom poscion of the modull sSpace M of Eiemann sur -
faces mocth boundaries ( 0F disks avith pPunchures )
mto trerbces avd S{rl'f:s ('FrDPaaak:ks),

A éoad'he.r )
Let P, =M, wieth o coordinate curve around eoch Puncéure,

sewing: 9 ) — ()
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Q vk . € C (’P ) Chain (omF/Qx with

C/é = COdlM dlm Hn - o{‘-m Vk)
bOunolaua op 9: C* - k! ale% (aq

Decom posLJc 10N : t ~ modull

WP R X

(.ons(sf@nca condl.: (Hq has ne bocmdam%

—> a vq + (V3 Vg) =0 IB— v_@7,ualﬂ'0n
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o, These opero.é/'ows endow +he Sel of trerkcec %\),{1
w cth the structuwre of o BV- alaebm .

. For disles woith n Punctwes we can choose Vi3 =pt.,9Vz =0
ahd (le \)3):0 :7 VL’ :vs_=... =0.
However, other choices are possc'ble (stubs).
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BY-actionon i : We can use (CFT) 4o realize

& B-V structure on At , more ]Dre(:r'se/a on
Hom ( X?)h, ¢ ) .

Schematcall y: Jd > Q
() <> ()gp,

Ve €2 ¥y

——

on XP\AGQ.S'.
-4 os HﬁP
eg Geboli'cop (oo 2 (a [ ]

et @ be a homolopy [e Froven Few
D: let Q@ be a homo r Q Vi
M P4 QR ta'a= 4-P
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vertices:

CFT
Vo —

()

——

Jhon (Vi,V:) =

Y2
] /a-'r
Vox Y,
CFT
—> M. (¥, m, (%, %))

W

- o (M, (¥, M. (9, %) = 0

2015-01-22 00:18:38
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Thus: (CFT) pr-ouddes (o8 r'nOr'}DIﬂrSm be—@ween BV“
a/gebras:

CFT

V3;D| (t)

D M=%, (R , dssoccator

(. %) s a DER (Df@.amcl. ala.)

Uternative a’ecom]oosc'/"ons of M aoith V.20, k>3
are Mmoppecl {'hrouah CFT ¢o homoéo)? assoctahve o{g's
o, (MY, ) = P, b)) = @g G- ) A g (@, -,-) + -

7hm: every consistent open Sz‘r/'na theory has the structure of a
hom. ass. alg. (Gobercliel & Zwiebach)
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BV afévbn ;
TrNE
let C3(%.F:, V) = O =(%. Fx %)BP&
bé
then l{/')e C/eComPOSéétbrz of /{n derives frOm the

actron

SIYI=4Y,Q V) +L G(W, ¥, V)
BP2

. The standard form of S (s obtanec offer a shift
(5’2:.' = Al Then, with Ag = s";{l ,

o
" wi(. )= (", -)B%O(S@s) CACBA, — ¢

(S on odd Sa:__wf;_l For\m of O’Qaree -1

BV -action
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SUMMO"(& : ?PG” Sf?l_na field é’Lem«B

ackion: SI¥T=L0 (4@ W) + L w(wmles) +2 1w (¥, iy (v %))
— ! A ! -8
B e = + « @

° dZC. 0{ /4'{ \)3

M=mM, @A A + My @A M DUOI+ -+
"

Q s"g y?;_,'o(s&s) V5o n’o\3o (S®S®S)
m: A0®A0®A’o ®Aa I A’o DA, ® A, @/4'0 T
_ —~—
=T A, cleq (M) =4

oR-v:
(g,g) =0 & mz = [m ,f’)’)] = 0O (’P/(NS C%cll}:t'}%)
'tcaradec[

commutalor
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2) closed Strings

[ us C‘/assi/% /vO.SScB/e . deformat rons of a 3/4/014 OSFT (ie .
¢he corres Porr/zhg Heo 0/(726(0.). 74¢s (s a cohomolo 9 ;Drob/arrz',

[Mm+8m , m+Sm] = [niml + 2[m, 8m] + - = QO
—_
=0 ba ass.

». The sjmplec#r& form w estab(/shes an isom. from e
the cac&'c maps f*‘%‘g and the cac&t chain complex CC*® :

C-C./.v‘) Ck{q‘;--qk) = w(az, I’;),‘_, (O4,---,Q'<_, )
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For _S‘/}wpflé‘f/g we Constder the cubic OSFT ( V/c;q“'o )
74hen

(/4

[m,"<dy, =(5 -a'Q) ,

Q: cck - cck , .
[+ )al
Ck(al' . ,Qk ){—‘> 2 (‘ “ ! C( A= {QQ(/ Ok )

S : ack = cck
kel

(SC") (a‘ (== Qe ta )= Ck (*aa Qe Ia'e) "'2-(”') C (au =1 A¥Qq ™ Ialc-r“)

Non-Erivial, conscstent defwn of OSFT e coh(dy)
Eq. Strips: Vv, = I—( CLAC, )= C¥,, ) + C(Jcl.
e
=@c® (b, ,-) + cycl.

Sél’;'Ps are arH - exact.
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- Super string  Super conformal Invariance lood exéra 8}10545 (/Bbf)
Baoson zation P -2 ?, y=n Q¢ , [n,§]1=1, S(X)= e’d’

NS -sector £ decomoschon of modul/ Spoce , M

of Super Remonn surfaces

F,ﬂf; fuve M im‘eara{e e

> P[céure chan 81)’18 op.

X=Q§ (/arda,e A/c.léeré
v v space, &,ijs /1 )

Ok on-shell, but no{ oﬁ'- shell.

[7 Cgc&'cc%%
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(W/ 7. Evler, S. Konopla. )

I I I

2 X(2) n Local coord,

or, c¢h terns of the eo mops

An/:"z.('/') = é(x"/’\?z(' ‘) + t’%,_()(', \ t "%z ('~X°))

L Am, = [Q, /b,f\z—_{ RYZT /2L soln of [2,/)27= Mo
Aal) =4 (Fma () = ma (5, ) - 6 M5 )

Thus, adcfulna picture ts a dy nvial operction.

M‘Z. = mz "'AMz |.5 {-,\ne. cubfc SMPers{'rinﬂ 4)'6("‘6%
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N\

ot nex{ ovcler - M3= Z.i (Mz(//‘:;z (+.¢) + FQVM.) *%[@,/:3]

or. Mz=A[M, p]+ [P, p]) =31, pm]]

M = M.®484 -+« Mz@4®4 - + -, M= f2OAQ) + -

all ordexs:

o M D=t s mB== ",
/L/t\ /Lz) :g 'L{n/y/l\n-r‘z

—  TRecurrence relations.
2L/\ _ A A —[i /\H _ A A
=LA, am] . F = a0]

T"\MS’ +he oPeh S'u}:)eksét’l'ha 1'5 (Lw aa,uﬂe )e7ou°|/. l'o -Hnt’ bosemec shfng,

P
"~ sec laler
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hon 4rivial def'ns -

T¢ turns out that the on [3 non- trivel RAeo - def ns are oblained
ba inser{-{nﬁ a closed Sérl'hcrj Punc-lure:

G
a, 3
3 _ .
A¢C (aﬂuo'zla3) = (7L7,LZZ (QQ Cg) = QQ¢C3

C2

e oPemJ-or state cor. for closed Sérinas .

Q1 e X = LZ(C°°($4,»’4“))

{ ‘

%,

—
—

Thm: cohldy) = coh(Qc)

WY/ N. Moellar

deq =z ledsical closed s{—kina Stales .
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. Seems l'lar-cl }o

construct from open
sér/'na world sheel

Perspecl«'ue e

JCL‘F! vte defns:

» closed Sérma [reld theory ~ decom posc fion of the mo -
oul’ space of genus 2ero Riermann surfaces with punctures,

lends aaa(n to o Bv- Eguation, IV, + (v, V2) =0 efc
but Vy =0 ts not a solution.

o ®

world sheel CFT: V> (k( °) t‘draded Sjmmaérfc
('. ) = Jacobiator
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with BY actron :

SHl-Ltw(da @) + Tw (4, 7,(4.9) + 2 (0,4 (¢ ©3))

_l, » e
andl
L ={s@I®A - + (20404 + L @UOU~ - -
Qc
L :ACAAC/\AC/\AC T /4(_:/\ Ao N Ac A A‘c T
L —~———"
=CA, cleg (L) = 4
oB-V:
Q,S)=o =Y [L’szo
&%raded
C.Ornmu"'abk

.o Let de = LL,'D . Then coh(de) = &
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Sthee 1hf. olef'ns 07[‘ OSFT are Lsomorpl«ic b coh(Bc)
(f Seems nalural Fo clain that finite clof'ns corres pond
fo Maurer - Carfon elements of L, L[€A¢) =0 leb ws
Construct +hic morphism.

For thes purpose + /5 QSPIH{( fo view Lo "I’na}os as coderivadons:

Consider a gradeo’ E%/ge_ér_a, A wcth comulhplication

A L > Aea

A®1 J/
\4

ARA 124 5 A@AQA

A coderivation (s a mop L: A—A wih Leibnidz rule
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A 2 A L ¢s adiflerential
A\(/ AL cf LL.L] = o
Ana LeAHASL 5 5, A deq (L) = 1

Mg

®n
Ac
0 /S
lallb)

S(a@lo)z 0@[3-6'1] b®o

Ihourcase A is the colensor a/g@bra SA: =
where § s the araoleo( Symmetr/2ahion :

3

n '
and A (A - Aan) = Z 28, Ae, aa )@ A-Aa )

(=4 O t4

]
zwl‘)ere 02 = Sum over perm. 5.} <0, <o, , Oypn S Ty €~ (O

. Coder (SA.) 2 Hom (SAc,Al) : £ = Z,o0l € Hom (SAc, Ac)
[n= loc, Loin ""'.2 2-'(€L°A']AJ)OO'

Hd:h o

.. An Loo QIJ, s & codenvalion L of alegree 1 with [L.L]=0
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H /flaurer Cortan e/emené C €Ac ¢s a constant mor}p\al’sm , (€.

S =]
Let) w0 limo o2 F hen, 06D cloet

o

Lo morphism: (A1) and (A'\L') Lo algebms . Then F € florp(Rin)

(S an Leo rnorole'sm L'f NoF = ’f'@}voA
IF)= 1 {ToL = Lo

-

-, ;' is dermimed b«a Hom(sp,ﬂ)a-r:ﬂ;o }‘,‘ 'H‘N’OMJL. ?: @ %' -fAnf'Am
n=-a -
n < n-feld comwl#}oh'ca{-ibn.

"o In a similar fashion, +he sef of open .s'£m'n3 werbces , M, (disks with
k puctures on '92) define coderivations on T Hy. 7The composdhion

M; :TH, >Tho . M, om, =2[m.m;], makes Coder(TRo) into a qradec Lie
alaebvo,
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Ofter this excursiown et us now get back to séw'na world sheets :

CéOSGd .Sén)-ua- . . —+ . + .. > Loo Maps

OPen -closed :

2015-01-22 00:18:44 28/40 SRNI-2015 (28/40)
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CéOSC"d .Sén'ng : . —+ . + .. > Loo haps
|

Open -closed :

Lqp -
, Phl’sm
v
" .
-
BVaction :

+ - € Coder (TR,)
54, ) =Weol (%) +(wo o ) (e?; ¥) with f& Hom(SA,R)® Hom (TA,.A.,)

OPeh:
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S(4.0) Sokifies the BV oguction = F=Z H1"eb,

=3

ts an Loo morFM'sm .

T

(Sh.,L) > (S(Cocler (TRS) , [, 7))

oPen-c/osed homo#o,:y alael:ra (/(a\jdumXS(_-aslaeFF)

We have alveacla Shown that Fis a _7/uasc' ¢°$omorpl¢fzm :

Coh(£,2Q.) = cohldy = [m,-7)

7-/62?7, 134 fb//ows ( Kontsesrich) Hhat
M(AL) = M (Coder (TH.), L.T)

\ 7
mod. spaces of Haurer - Cartan elements

AN

Le. Lhe?atkfaleh+ OSFT = closed s\éw'na baclcamunds
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prenolum: rep. consistent OSFT realizes an oo Shuckure
P PhAe — The mz‘::‘i Cmimlz0O

[~}

@, A" =

=0

more 5eheralla Lt m € cocler (TRo ) , C’eg (m) =4, ¢Ehen the
on  cocler(THs) (= Sed of opeu S}h'wa sarerhces )

¢« the sel of open-closed verhces dehnes an Lao’MOfPLC.\'M
(Be,L) 2292 (S(coder(Tdd , C,])

\ /7
mod. spaces of Maurer -Cartan eleaments

Le. Lhe?ut:tfaleh-l— OSFT = closed s%m'na baclcarot.mds

composchon M, @m, = Muoms + M em, dofines G Lie braclket

M(AL) = M. (Coder (TH.), L. ) set of Mc elemevné/
z

Los 44
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BQMF/eS of lew gt -

1) adding ships ik
z) backamlﬂfl shiftk : Yo Yay, / VH(QLK’): M, () TMaldo, )+ =0
3) aoldt'na prchure (ihl-eamk out odd moduli ) o the werhces.

( Supe rShn 3 )

s 1) Leaves corvelahon fn's on coh(ay) [=S-mahx) nr.
Z,) " 4 & ] " ’ZQZL v (bemuse Qo

Yaries b Qu+m,(«,,)

3) {1 I (! (! 1/ llo—l- inv., [be(-augg Idis a
Zarge g- {—.)

— generic Leo ﬁ.«l. are P_(«au'ra( !

2015-01-22 00:18:45 32/40 SRNI-2015 (32/40)



Quan{;loso.{:—{om- allow Psr world sheet with kiaher 6enus.

v 2)% . JE )G o

QVL,+(V3,V3) *l'h/_\vé = 0 I

} (CFT)
HC%Lbnz SEW,Q)] :éhzﬂ" (wc_°£%) (e’a"qu)
9=

+ S S42qthb- "( ®bo{'ﬂ‘b)(e#¢-ew.... e‘i’)
b=44g=0 We . ; 'J

b-4dimec

QBV: (5.5)+kAS = wi259;5 «hlw) 2% S = O

L Smpl. form —T
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In ‘cerms O'F coderivations (M Nar,zl) :

order of the codev.
o Y (= %-l»&ou-l-pwl-s)
_ @ % Coder"(sh)

~ h=)

Let 4 =2 KUY + 51 D(wi') € Codes(SAc )
3

/
VALY YR 22841094[ 4 Aolioa-

A of ot bo a coder?

Weth this, the OBV-e?uaé/'on becomes [’f\, '&J =0. (-f(qd,)

D(w~) is mduced by +he repr. on A,

L> Loop homolopy olg.
.o Two e7u;'uale,n£ inJerpredations: ( Markl)

N

Dlw') mirinsic part o} +he alaclora
}—> LBy alsalrakw
( Creliebok , Fukayo, Latschev)
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P=Tol' : SA —A
d=¢cty - B —-n
] =4 [.1= ¢’ : ANR —> B
S = Tol'oly: A > nBaR

[ L1l=0=  d*=o0  (diff)

dol,1 +[,)elda1+1Ad) =0 (d der.of [.])

(dA1+ Iad) e§ + God =0 (d coder for S )

S [)e([JaNoo =6 ([.) Jacobr )

7 (A1 +1A8)e S =0 (S, co - Jacobt )
S'(C.1n1) 000 (5A1+108) + Se[, 1 =0 (compal. o} Sand [,])
’ [.7¢$ =0 (Sond [.7 in involukow)

Ex: IBlLie: A= U +hl

Thvoluhve Lie bial%e\om

Applicakons: R-matrix (inkg. models) , ?uanl'wm open sh«:‘ma (see Lofer)
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IBLm FHOI"PL',(.SQ: (p'{‘) and (Hl“u) IB[malgébras . Then ?6 ﬁO'P(H:n'J

(s an Loo morpkusm L-f AOJ%‘/JOA — 3:- 2 h!-{/\n
)¥1=1 { =

o

3-"{ = ‘K J‘ (c-F Cielrebok, Fubaaao latschey)

¢ 2 Vl'i'% 1Fr|,i y J_—V\lﬁ . Sn _> Ln/)Ah-s

Quantum open~closed homo‘-op'd ala ebvo (/. K. Manster)

(B A.) —2— ( code™m , 4, )
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co A s [L] +6S SCoder (Tho) —  THo
m+ mem —> [M m) + §(m)

A
O (©

Thus +he QBY alaebwa on +the treclor space of open sJ-r:'ma verhces
(s that of a LBlie alaebm.

MHourer - Cartan elements. (cf. Creliebal, FulGya, Latschey)

M(BL) = M (Coder (TH.), L.]+kS)

\ 7
mod. spaces of Maurer - Cartan eleaments

we conc bude Haat to each (}ugn¢um consistent OSFT #here should be
a soluhou of ’A[Zﬁ) =0 with @' € Aec + BcnBe +---
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wth (_f = ¢+ ol.:/\d". (o] basis of Pe gnd  do° +he clual bascs ws. we)
we get Qe+ loldd)+hL(didt) +- =0

(chd)/\olc-tfz(cb.dj)»\olc—(- (AJ¢:1 =0 | 0w
= = Qc E¢]d;/\d‘:

- Q[¢] of +foQc[d) =1 'F: dcndoux
= Cok(@ctdﬂ\ =@ unless W, is de(jenera%e.'

e. hon-existence of QOSFT <= ho Soluhon of closed @ H-c ezn.
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Counder axample: Topologfca( s{,q'n%: N=2 super.séw'n% (= Super

Kiemaun Suavface With $wo ocld (ooral4°nal.es)

Transfehown 1w. 1n odd direchons 8:‘0&1‘ rHee #o +wo ocld ﬁeneralors :
Gy € = £ (spivor bdle) . [J.61)= 2 &4 | La, L.

l;LOPD/Oél?‘a{ fu},ké” f o lue Lu"’%lﬂ-jn =) G"’ 68:'07_2 — b
G - € Hom (ﬂo,)‘lo\ —> Q

’, Wh( b ) =coh(6,) = {]?La:.sl—qi-es_’) => §c,by=4-p

—>  We s degenarale on shell .

— Q. 10 + .Fo Qe = 4-P 'Pro]:aaal-or e?uad-\‘ou .
conclusion : For He top. S.vana He QMce e7uaL'am has a sobu how =)

ROSFAT 15 4vell dehned.
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SM mmarla -

/-/omoéopa ass (or Lie ) a/ae‘aras:
o cluciclal +he abebmrc shuchure of .S'#rl’na fhearg.

sallow b |°cleul—.’Fa Hhe closed sfv/n(j cokh. rn opev S-Ir/'ng feld H:eowa

'S/mpfl'fa the construchon of Super S/H'na freld quorg, (decomp. of

Sujper mocluly’ spac=.
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