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® One of the mesk Impertwat quesHens in SET ¢ vndershanding hew the Flvohyaions
of one backgfovnd can earasge themselves h  ercate  othaer background ,
® In open boseaic SFET, the quastion is whather ihe field eqv;uh‘ons of a
reference D-brane BCFTp has a classical solubon represSenting Sorne other
D-brone BCFTYy. :
® Abovt ive sSimplest Wind of slvHon wWe cwn imogine j, Hws resp®d  jokes the Forn,
T =y, -2 5 eBcrm

t & BC.C‘T‘Q
BCFT,

BCFT
BCFTe =

where BCFTey is the State Space oFf a sherthed String  behween BCFT, ond
BCFTy and BCFT,y is the reverse.
® The left/right multplication TC.-- )T s eNectively o map from  the
Stale  space BCETy indv the stote space  BCFT, of our referancc  D-%orane
® In the Kt term, Wy, is o tmchyon vawom  solvhon in BCFT,, and
Pepresents  the anniwlaton oF rhe reference D -brape,
® In the second term, —~Ey, rcepresents the perhwdoarve vacowm in  BCETy
relsbive 4o the imchyen vacvum B W, in BCFTg . I crepresents the creabo,
of the D-brane BCFT3 outr of e tnchyon vacvum, The appearnnce
ot B(-)B i necessary o express thic confipurmion in taems ob  the
d.o$ ot BCETy.
® Tn Hhie aApression, Sting Hddz  in  differenr shohe  spoces appear. We Wil noke
that the pesitien eof Hre String Field  in  relaion 1o =.2 implies  the
shabe  gpace I ocovpies. In capressions where T,B e absear, this
Gan arewte ombigvlty kvt T wil 3y b ke clenr,

® Thae svluMen T sargHee the Eom i we=—beue ‘Q’V' 2'ﬁ Su";ﬁy
Pe fellowlng proporties:
ORy + Py =0
Qw’vz = Qw’vﬁ =0
£2E =1




We may expand e ackon amond  the solution
B+,
‘where P & BCFT, repcesents a fluchuwdion arevnd  Hhe backgeund  getr by the
soluron L. However, e natvural Flochations of Hhis backgrovnd  are  represented
by shring Held ¢, € BCFTq. We may guess Hhar ¢ ond Py om  celake) by
fo= T, B
angd we aan shew thak
Se[Z+9,] = g 121 + s,9,]

where Sy i3 m  ackon  Pormula tal in BCFTp and S8y 15 action formulatel

in BCETg. This weuld give o simple  proot  of mnperturbahive  (global) berctgroon )

indeperdence in  open bosenic SET

A few gears oago, (. Mocc aferti and T cgotiadd  were able b nfealize #his srrpenya

providad et  BCPT, oag BCPTy  can ke celated by bec opeararels 0,8 i

OPE i

T o(e) = 1+ ...

This ceaditien is  not wvery Convenient, since Hypionl  bec  optewivre  pave

ronvanishing  conformal weight, and Hheir OPEc  pave Singuloritiss.  Fee Hme independem

backgreunds, hewever, Hhis kind of OPE Qan be achieved 1 we nsSome Hooy the
3CFT‘ backgrownd carties O  copstunt, Hmalike gavge mml* a certaln cr¥ionl
velve. Since +he consranst gavge poleabinl s ot observalole, any Wlye delines

Hhe same BCRTy  qnd we ore free o choose it 3 our oonyenisnce,

This  resolvHon Mot o ovmper of gepjovs drawbacke , howevanr.,

O 1, BCFTy and BCETa, e need o Bee-Sheewn  Hmalike free beson with
Nevmann bevndary cenditons which allows vs 3 tum en o gouge feld.
Thizs  prules ot Hme dependanr baekgreunds of inshunton kackgreunds. Alse,
the Hmelike govge polenbal  breaks Sfymmelries, 59ch as  Lepant Iavarimec,
which we moy prefer % have monidest  in He  seluboen.

@ bee opecators  of this ferm  Yypicolly lead o asso cla HVity  anomalles
in the giring Held algebr. Fer Krample, f o, F are normalized  So thay

EU’-’-”, mulﬁ‘plicaHon in the opposite oncler gives

oF = Constoat % |
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where Hve Constant is given loy the raMHe, oF the nerms oF the siL(2,%)
vacooms in the two theoties. While Hrs dees adk appear o pose
a Seriovs  problem For the solulNoa irwelf, i oppeats o prevenr a usev)

generalizotion oF tHhe idea 1o superstring  Field theory. Another issve s

that degress of fFresden do not mop in a very nice woy latween

For example, Consider solulons relathhg 3 boackgreunds BCFT,, BCFT,, BCFT3 ;
we have ﬂn,iu relating BCFT3 to BCFT,, aqd ﬁ,g,ﬁu_ Pelating BEFT.,
to BCFT) . Trenslating degrees of freedom from BCFTg o BCFT, , and
BCET, Y» BCFT, iovelves shales of he form

Bca z"n; ? Eza ﬁl':.
bor poducts of Z's  are generieally  undebina; even i+ . W have
achiaved &,2, = & 03 =1, we do ner  keow anything abosr the
OPEs of 0|, and Oy, Which covld e vanishing or diNergent.

” [Eral ] b

B_thic—oppremcio—e—limired asd—eingetor—

® TIn +his lackwe we consider & different pealizalion oF  the solv¥on

which resolues these IRF cw) Hes.
Me o Hrer slap, we need v consider mwre Camfvlly hew the iXentiMes
Ry, T = Q-szwﬁ 2@ arnd B =1 can le realized.

Fiest, let vs atfome thot 2,8 leave the homoiopy operatve

ar Hwe ‘l'ﬂchyon vocvown Invariast:
TAR =A
Since B, B are iled by G, +is Implies BR =1, In penciple,




we cevld have o Qap, okad term on Hre ciplm hand Side;  however, for
the type of spres considered in analyhic  @alcvlaHons, siwres aF  ghos Avmber
~2 do no* oppear, So Hws idenkiry is ok dwo Ihong an  AsTumpkoa.
® In addirtos, we astume Yhat the hometopy OPN'«b; ls qilpetent
A =0 i
This s trve for amalyHe tuwdhyon vacoum  solutoas in the KBe  svbalgeora,
agaln becavse stukes of ohest ¥ —2 do nok appear.
* Since Qq,, Mms no cohomology, withour loss of genemlity we own assume
T = Qp,, (A®) T = Qu, (8A)
BCFTon tBCFTao
Westmysbhagesr This ansotz  d solves e condiion @ eoF [Rp,, invarlarce
of B,E. We may of Ceorse choose O, o ke epal v B and B, b
Hhis i2 nor necessary, In portoviar, @8 do ok need o ke killed by Q@ .
® Gne can Hen show thar the condilien BAX A implies a  Similar
condivon en ®, 8O :
Br® = A
Since @.B are not Q. iavariaat, this does noT  imply e =1.
O Newrwe—omke—ar<taph  To solve iz equalea, B let vf make 4
choice oFf tochyon vacoum  Fer realiziag the Dlokon. We assume the

gimple  tachyon vacvom

= ! - B
Py ch—uJBe”_K A...W

our imtwrest in this cose is parlly molivaltd by the Ffact  thar  the
simple selyhion has @ conirelled generali 2aton o S\ppeos\hing Hald ‘l‘heor, ]
o Hhis Yme, Schaabl's soloHen does ot~

® So we muet sdve The eogvalioa

@ 1K I+ie

® To solve thic we Iahwduce addibHoennlly O EBCFTpe and UGBCFT,G
&H&F\ﬁh,

BBp =B

® We rvay Hien #ad a olvhon For B, B in the form
B =8 ® = (HO8 i




® Thetetore, o veefol realizotion of Hie solukion relies on Hee  gon@rution of 8,8
soxiskying OB =B.

® The solo¥on provided ecorlier loy Cado ond myoH  ommeents 4o

6=¢o 6=5 l
where the siring tidds ©,&F ace Poundaly insertions oP" bee oparatvrs saXigtying
f:; Gevya@ = 1

on an infialhesdimally +hin  shrip.

® Note +hat [B,0] =@ since o is o marer operator. Thecetor GBO=B  dellows
W from He opE of & and 7.

® Whhia he subalgebra of wedgt stulvs with JhgerHons ¥ scomms waposdide
o Nnd ancther—ind—eb—solution « beHer  golodion; wedge widths add unde
shat multiplicaton, and gince B has width ©, Hhis implice 8,8 haye
with 0. Since 0,0 must changt he pondaty condiFien, He OPE of the b operatns
Mmoust be . regolar,

® So e only restloon Js o leove Hae olgebra of vtedge studRs. Wa have
imesHgoted the Following idea.

® Considar wedge shwhes 0¥ oawd Qe containing kouvadary condirions o BCRTy and
BCFTg . Usually we nwitiply +them by glving the sivips side 1oy side; now
we prepose to glue em S Hur Hhe ﬂ-ﬂ,.-d—“%-—% Open 3sirirg

hoondary of Q: s shithed verHoally relabive sy QF, Wwe rrmy  choose

tem ot = 1 emaP —, the digrance +» loe T, Taking the brace dedines
4’ i. ? o corelatlen funeHon eon & Kind of oylinder, but
? v 1

'"" ;I:*'—;:r the boundary of Hw cylinder ¢ broxen trv  +wo
! : -
e verHcnlly displaced compewents. Evalvabing  Hre

Corcelatuf  requires  @pecitying looondary condiHong
for e path integrol en  Hre  tEhfrigiorcades perdon ot the lefy/ nighy
adges of 2F  lefr  unrouched by 9lwing v Q.: These bondany CondiNons
cffectively define an open shilng stwre in BCFTe, on #he leit edoe , and
o stare BCFTy, on bLhc right edge. Such srat®s  mey le  specified

by inserting bcc eoperaturs T(R) and O(B) ok the origla of respechie




half~ Jisks. We may fofmalize #he operators so Mk dHeir  2-point  funcHon
,-A'.-\_ gl N

-~ -.\} !/ \\ on +he UHP s uniby;
@ |'_.._ T e— {To&C d(¢)> UHP =1
&¢e) o(@)

l Te complete the picture we map e valr

s |

oy ,‘(__ % ) S 1nx halt disks +o the 6hving prepagater frame, whire
J ‘l they appear ac in-F?nH-tly long  rectangvlar  shripg
:T‘. ,rI!':_ of hght . Thece shrips can then be gived
' 6xto  the free portiond on the JefHr and righy  verfics)
adges of T the resol IS o funmy-leoKing  surface composed of a cylinder
two inBoltely long ships., An obvievs quesHon s whelere
one  Can compule cocrelaton funcHans o svch & Surkace,

i+ js pessible wﬂhﬁmmw?

irg a Schwarz~ Christoffel map ,

. A9 \|can even
! / ° @ In fack i+ is possile to derive Iis  surbace explicitly

by cenfermal  4ranstorrmalbion of the UHP vilng a Schwara ~Cheishofe)

map; the Iroactormation con achually be given in closkd forn usiag inverse
I trigonometdric  funchions. Unfertunately, ae ic eften the cace with Schwarz- Chistoitel maps,
I the iaverse  traastormmtion From dhe svrbnee to the UMP  camot  lee expresfad
in teens of elementnry Nnchons. This is an annoyance, Buk calculations are '
I shll possible.
| ® This pictvre lewds +o o new debinitlon of 0 ahd B ;0 terms of what we
call "flag” and “aniflog”  shutes: '.

8=lc]l = | BCETa g=L& = T
L]
o = J{_ e (0) > < JaoTe&F(Q) r
Y 4
BCKT,

® Like ithe identity otfiap  fidld, a flag stuke R ig . Charncrerized by o delta
funoken overlap behweea +the lefr and Mght halves of +he shring . Hoviever
for exomple in |l a polar a dishance ¥y above Hhe lkovadary ©n e

lefr Walf o tHhe siting i3 idenBifed  With o point Yp olbove the bowdar y




on  the right hoW of the siing through

Yo = WHya
Thic: 1eaves +the esgitn iaherva]l @<y, LT for ovs do ?H-ach o Stale
In  +he shving  proPagator freme. ’
The crveial property vhich follows fom +his  definition” g

86 = L&lcl =1

In parHovioe, hie fack Follews recardless ef the OPEs ond  conformmal
transtormation proparHes of .5,

The mochanishh con ke videstvod as follows. We gaperare [Fl lol by &

wedye state with smal widih /f Pkl T T
[#10%1e] | e o, )

In the limik of $@ we gat @ E‘ — -Ea-ci?f-:'

surface with degenerabion. Effechualy, LES.;L BCET, BeRTy

the propagober  shrip detmches +From the rest of +the surface ond  dedines
an independent Corrdaror which appears pwiBplied Wwith the osemeatur on
the remoinder of tha ouhface. The comelator on Hhe shrip 33 e 2-poiny
FoncHon of ©,F, which We have nermalized to unity.  Tharetore

R =l =
i'_’me sl Je] = 1

Howewer, [&lo] =1 16 nok Hie property we need tv have o solodien. we moet
have
[FIRlo] = B

This is nontrivial sface B dees nok commule  With the flag sStares. Nevertheless,
v bave confirmed +hot this pepeety holds.
A eecond Imporiunt  point 18 the natvre of the shre debined by mulkiply ing
Hogs In the bppesie order C-;«—"H

67 = cll&F]
This ok is Moer easily under shvod loy

ContracHing with a lesk shute in PR sliver

Frome, The result is8 a corcelaion fuscHon en a cylinder with a cut




of hisght ¥ glued +o twWe propagotor SHrips. Importunty, this shale s act
proportiehal 4o the idenhity siring Held, and dows therefore dees net 1ead 40 an ‘

astodialiviry anorrvaly. The otutz, howeve! rvlbplles HBike o projecror |

(101L81) (1e1[51) = |o1[#] ' ‘

there _pa.nuul—l&&nahr—ur‘}— |

NereRTF— |

® Theredore & fog shrle can be vodershed oS @ nod~unitury isometry U
AVEN UU* = prjedor #1

The releonce o of nen~wilinry isometdes o SFT  was cesjestvred long

QSO by Ma schh,u .

® Another benefit o +he +$log stodes is  tHhok mapping lestwess  degrees

of freedorn behween backgrounds lecomes q mof‘!- well-defined operetHon,
For exavwpie, mappirg d.o.f. Hrom
BCFTy 4o BORT: and then o
BCRT, will inwelve  multi-Rlag

Stutes.
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It & clear thet in thle sitvation e Ic @ no  divefyrnce From collisiens

of becc opandors |
® Therefore, flag shufws  provide o natural  resslolisa=mie  Solotiea For Hhe

diHficulHes encovntered in—the=cprewiove—<penlla- with bce ops  with requier OPE,
® Ae an applicaHen of ihis fromewe®, we own show Hwt i+ ic possible |

to constrock molHple  D-brame  SoloHens withia W vniversal « sedor, s |

comethiag which coold not be achieved in  #he previevs approach due to

e necessty of the Fimelike gavgt poTeadal. l




® Given BCFTp, we can creste +wo copies of BCFTg usting row and aclumn vedwrs

LA
(L™ — Im 3= [T
9~(4'-§- 'L-!j m ,L-“]) 9 ( ' [L_ml
Jae -t
where in His content LIY  and LT, pefer to dhe “hac operatws”  obhuined by
actitg  Mmother  virasoros L13, LT,  on the SL(2,R) voacuom. OF course

Hese are jost Fock stwhs in BCFlg and do notr ehtngR  the bondaty condihon
® One may easily show ther

o= (o )

which 1s the denlity molfin  Fof +the Chaa-Paton Fadors of strings living on
Fwo copies of BCFT,.
® Trece are some subHelec with the oluben, however due o Hhe stn gulor
geome ity o the "I whee the Mag Jeins the mt of the sorface.
® For arample, one can shew that, i € is a konday nerden of Hhe o ghat,
ce[&]l =0
which leads +o an asrodadridhy anomvaly
e =(clz1)lc] # olzle]) =c
For sfome cholces of imchyen vacvum such producks’ do  cof  eppaw in the
SelvHen. Unfertunarely, for iha simple wivhor +he anomaly 4 fend to
ambigulies. The resolutlon we hove foond fe change +he ysval
dekinition of € 90 thor U (epresets @9 € lacerHon away ¥frem the bondary.
This, vnbortunetely, ceentes problems  with the peallty condition
® Siving flalde Sudyn os
(arz1) 1o
ore diveroart, dgace the BRST operalor creotpe C-ghoeks on +he bec  opermvr
" whith do nor fike lbeing Seperaled trom  Hw remdnglet of Hw  surface open. in HK
degeneraton limit.

® Such divrygent siring fields  appoar in iekermedial®  sheps  whes veritying
formal properies sudh o LT =1.
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® However we hai¢ checked tHhat divergences cencel, and lewd + m

abter p.w‘.,-.'za'l'ion of Hhe peduct ag ﬁﬂ"ﬂ for sma)l o,

anormaly,

® Tt i¢ hard Jo +ell whether asuch  singularities indicore thot the soluHon itseH
Moy In Soeme Sense e poorly behaved, or whether dhey an'an arhitacr of Hhe
way we perform anxlyhie calevlwkons. F»

® PFor this reason, we are also Inteceshed in Investigabing other seluNons,

L]

One important recent cevalaron, which we foond somewha® Shocking, is +har Hx
" i evly identty fifn""l i Aok needed to hove o soloVon atr all; +he only
reqéred propesrty is that 2.8 are killed oy QPyy, whidy is eoslly slved by
exprestng 33,8 in Qv exmok form,
® I Pollows feon +his that i+ ic always possibe Yo Hnd a soiring #idd of & RCETy
with Hwe proparty
QQN o« =1-55
So far, we haw lgen assuming o« =0.
e We May then generslize +he soloHen o¢

2= By - T Dy, l—'d‘lw g

\

® The siote T moy be deHned by o geomedric gerles, and in general

the series will generate o o pair of bce eperotors for each power of .
® This ket i+ more difficolt to compute, For example, ¥t Foek Space
aspansSien of the solvron. I+ also raises impormnt questions about
conwrgence of the serles,
However it tuens oot that from the perspestive of RBCFTy, 4nhet second erm
Can loe Viewed as a gavya Hanster mahon oF the soluHon -, & BCFTy
Qnround Hr tedhyen vacwm,
® Theretore, the queSHoo of vhether the gqeometric  sedos conyerges

ig Closly Hed 4o +he quasHon of whether fhis gawe +rwnstormalon

is Sagulan

We have developtd some twols 40 addtesdhg thie Wind of question wusiag

the conceprs of loondwy conditin changng projestws and  phonyom terms.




® From Hhis perspedtive bk seems thot there is no psirveron o constrcking
Solobions  For any lockoground Hrat ace as  regular as neeced , For

example in the Mook space erpunsion,

© I+ il pe Iateresting +o etplore  these uesHars RiHawer,




