Shn\ags 3014 CERN



The cmetruckuw of closed and  guondun SFT

thebaco,\ 'qq . C[aSSFLaQ ondl %waw‘ﬁ,wa CleQA
bosauic SFT

Yecipe - Space of s&m\f.s Loelds
g:C - Q{ws
'q} o‘:.rzdg [D:@'= Lo. '\:P:o

- BV Suormal  STUY= [ CFISGIT) 432 @Y



b 51\0;* sV

/

- &h\\'\s vertze s \-@&"\1( = Jn--sg f@‘m )

rm‘)s
a Swtabde dowatn m +he moddl
Space of n - punchned Riemann w§a¢~es

eq. gemus 2ew 4-pomt verfex S CmSdhrucked Lom

2

/

\L esvered 53
nm dwgrams

- Shivg Geld potts el
S “‘5’( ~8£11r1

a Laﬂramj"mn ?ubS‘PQCQ m@ %
w.ht, the Crassmann-cdd BV sme(ed-\z Stv,

( BV gauge - 5}‘*»\/3\



TAG.
L Ts#e achm unigue "

For Gom, bur difecent ComsTlont Chrizeg of g verdreeg
are velated by Sield redelnvntn (ie.”frame change ™)

S lor $o shheme c(e?encﬂenc,e W tenormallized Hoda & Zwiebaclh ‘43
Wi (sovcan Cawe»vww& perhurlabomn Hheovy .

To st a Lo

. (\:SMMQ verdite ¢ (B MM&(W' Kakk,tik‘:awa' ‘JFosg
(corre\ates So_uvne_\frs with lighteme momenta’)

N
. manimal area mehAx Verdiee s O) 2)\%}' 2uibadh '92
(eficient” ? ) -

+ hyperboliz verkzes ( Costello, Rwieback ‘g

(Qﬂj M\n-%%juhw ax %M\Mu;\e»ek /)

® ‘glﬂ* as\‘jmmehi UQ.I‘HZCQ Md}d, Sdr\idf/ wdw'ﬂ' XIY ’14

(g.\m‘;\e, Lo pert. ¥heony, workee ov\b or dhe (el of clasei EOM)



2. Do dhferent backgourd’ wodsheet CFTs defue
%mlw ST Ts 7

‘rb.cj Shawld ! The resuf;h\ﬁ SETs shald be related by el redeCritom .

CFT A---s B class.’calb Sel[Fael®ll= SALD)

SET D:E'A F“%B 9:\(& (%WMB , also change of mea.san3

Boven Gr W dogumaQ Mrs‘wl deovmadisy s
Sen & Zwiebach '93

3. Is CSFT mee Ham fecdurbabion 'Haecrﬁ ?

Nt oLumusl:j, Bw\ 4le Peﬂl’. Sen'es w\w;j weld Qg\,‘u.g,‘ae ,g_,,(
Suitade coservables et Hie classizal lewel

4 Bux bosawic CSFT /3 ill-defwed at He guontum lewe) 7

Unless +he woddsheet wmatte, CFT admits o nma&za&;(a
velevart cperador, as M C=\ Shing Hieory (and its da’ﬁavm&‘mg}_



Cen 2014 - classicall and %uam(hj.m closed
(omd ¥ opan)  Super - SFT

new) msre&?et\'fs - SJM:s verhzes are defned with choice of Locattms

of Predwe %Wg Operatovs (.\n addihon 4o cond.
mops ord domans 0£ ahe moduds SPQC{S‘)

- verdcal Mt(‘(:ﬂmh'bm. Sen ‘14, Sen,Witten ‘|5

o Procedure of Comsistently ifegrating aver % / /
He modo il Spa= ot evades Spurious g,tg“(am; Fes

N
[

A

Wang, XY ‘22
Ve A -~ A A
?:;,( = Wus,ns & %N'S,R ® Q{R,u's ©J’€R,1a
Y o\uuds be & = Lo =0

-4 M NS Secasne

assigned Ppretare numbe, { Shoa R sechn
-



A de\?leﬂ f@rmlw’*\ 0"? Su?ﬂrSh\r\j Pu*w‘:akma &ﬁem:j

gex\ '|4— - " 6 ; Rﬂ!h'ews s de lacroix, Erbim, Kad\ya‘;, Sen, Verme 17
Sen, 2wiebach ‘24

- b3 CUV\S“TKOH\S'IA’ Qf\r\i‘\'{ verhices | ’efee 0’@ oV cﬁ\wﬁu«‘z
L’a? momentun beqradn  contour Sfeci»?m& b3 anal:shz Contc.
Lo dhat of tuclidean Qreon /GZW.om Pius, Sen ‘16

- SusStemahz dreatment of wass cenormdlizadon

¢g. b determme the mass and S-mahix elemeds ?Mg, ﬁudma Sen ‘4
—?o\r SO('&‘L\ -Sphor ?M&Z'Q M heden &2 Se"u’\:.j A-Gem,j

e -

MS“'E&&, work wi*(:n am?u“'ﬁw S¥T A-‘q.smg as Pe,r.h,qloq.ﬁ\,{ QFT l.

- Systemakz freat ment X wassless fadpoles

pmasdess  cobibutes o Veg(d) by < @
Sed ¢ need o £ new vacum Leld con L gurahn

When massless 4=dpoles camcef (e9- & + 0 ) sk(( need
cansistent cutofls on differcak Components o8 wmedlli opace



(Further) ApPlrcA«i—s'zmg £ SFT

1.'9230.&\90/\3 general shing backgomds

() Supershina A RR Llux  backgromd s
no local woldsheed CEFT M RNS r@wmQ:sM?'

begim w6 NSNS bac&smw/& , defves a clesed SFT
E.O. M.,

Ce¥+ 2 5G] =0

Lad solukpn U descibing huming on Cpecherbahiey)
RR Sluy, aralyze flctuations arund T 4o oxbeck

S:\:ch'rum (ard cther obser rables g amp('u(uﬁeg m tHe

ne) back‘&mww& 3 ,
AdSyxPxMg  Cho, Collier, XY I8

IR ~—» AdSs x T See Minjee Cho's talk
CGKP £lux cmPacH»GZah‘bn Cho, Kimn 23



(b)Y eh"me-&e_\m&m "”“d‘é“”"”‘”{

In(‘—de\e.‘I"Q m&ers'lun&\hﬂ oK worldcheet CFT  baged on
NLeM wi#b Lorewtzzm "m&d Spacetme

BCFT with +ime dependence
- open Shing rolling -\ae‘:jcm Sen ‘02
In SFT, it 1S strightfrward 4o descibe nonbivied
dwme -&WM SM\ﬁ %’Q‘A Solutons |, at (east penhulowh\rdj

+ The challenge & 4o Benbifly and  determine physieal

o‘OSexua(oles. 2-§. energy ua? ml(.\«ﬂ hc%m

fma covaroad phase space of OSE-T
Cho, Mazel , XY ‘23

“ tachgm potertial " ezl mabix GM

‘2 =R rén [}
/\C_—_f_»«s ==
hcﬁ\nmﬂ
Whot olsecvalbles 2



-E. ’D—c'\f\S“"ﬁM‘hSV\S.

= Non-pechrbatre e€fects Sting  Heany ~(9(e"3"§)
Caphured bg BCFT Qocalyzed -l-mje& Spacefwme
Polchaske 94, Green, CGutpede ‘93

woddsheek

Spacehwme
P /‘
N
RCFT D-mstembmn

- Nave om-shell werldcheest G'Pprodco\ Sud€ers '@uwx
a""b“ﬁ“'il\Y—S Balthazar, Rodriguez, XY 719

¢4. ZZ-ustanin combibutrn 4o 451 amplinde
M C=l sfing +h
g e need ConsiStent Cuteffs on
“ .. +wo dZTconmected C,um?anem& <
of +he medls space to Lix

Jn\wgwe: Hie ’%"“‘H part



Sem ‘20 : 'cirs('-?mﬁnci‘)\-e Gpproaeﬂ\ fo D-hStankm e
based o~ open + closed SFT

kej mgredients - Mmteamtig owk Cpen Shing Leds o D-Shamdms
Pro § a Covrecktn € closed SMVS Q—SE actn

< ~Spe [T, T

o N o 3 SD"?O , o

D-nect -

= Segel qauge singular, ceplace with Sen gange
nonbivel checks - aganst C=| MGM Sen ‘20
and o asansk sob4 dilabn celakons m TR Agrion , Balshazs, Ch,, Rodrignez, XY 22

- “wmsleSS N open S*Vl‘\j &-e(& fgume(-fauaﬂ 'M%m.g (replam\/\j t+he
e Domstonton moduls ru'gmﬂ) must be PCP@TM&:& mm—pe/('(:l



SFT approach +o D-mstantms has been Curther arPP\:d do -
= mules -Demstentns M TR at R‘(' oder Se..\ '2|

- W mPPed D- l]/\g:"ﬂm‘h‘hs on Qa‘a'o U - Ya«, SPQCQ S
A'exam&wv, g@vs, s"‘@—ew\sk{ 'l(

- D-tnstombms M Oventibold  Alexandrov, Firat, Kan, Sen, Stefinsls 1,
- 272 -mShintms M W'nc"Mﬂ.»Q S"h'hﬁ v(—&e,or\j
Eniceicu' Mahajan, Muardia, Sen ‘22
A mojor cfna((e,\sg that cemats s to understand Hhe cpen Shing Geld

hfegratn Cmfour W Femeral, ond hov 4o piece fogetier +he
Pechvbabive expansms anud di€fecent D-mistantons .

2.3. D-D MStanbm cmba bk o 3"3\':‘(71"‘ a’"‘?("“‘“‘ﬁe Mo TR
Adrion , Balshazae che, Rodviguez, XY ‘22

D-D 5"""3 D-D S‘Hmﬂ
tochyonic /\ massive
| |

i" ~ —
,"l— -\\\ l/'
v o ,/

Ml‘/\St{'




T . Guantwm Shing e

Gemwwjj' %«wwtfhm Q’GEQCR Cam WID&»'(Gj SJ'\A\/\ﬂ vacua h Q
woy Hhat 3 vot capired by a woldsheet CFT (whidh &

msensihe do the bacfzﬁmm& ci«l,q‘('m,\ walue /s&\,{mj Wl'\'j')

EX&M’P(: . S0Us) x SOUE) heteke Shing  Alvaes- Cauné, Gusparg, Mevre, Nafa "84

defined by @ worldsheet CFT shat awelves R™ doryek Spacetime,

but Hhe lod effectve Hheory receives a shwg i- foup can bibuhion

o Hhe valuwum wery Y Je—us‘v{'& Cm«se%.,.e,e(j +Hhe 4rue vacuum Mwe'sumho’n
3 wot descubed \03 6d Mnkewskoan $Paceh‘M<, but rether a
Q,csh,\,o(%{(a_i Soluton of  dhe £t «Hnem:j dven by a Mn away 'P«mh&

T the SET Gamewok, Such vacua Gm be descibed by
Solutms to the guanfum E.OM. (deduced Rom e
1P T Shing Lod eff. aekom  Sen '14-)



Erplizik SFT Cmshruckons  of  (pechurbative) vaCuume
slubims ok Gapture  quomtim  effeets .
SoG2) hek shing em Gilaby - Yau with Fandad embedd ing
d-Lovp Feyer - Hiopaules decu Do i, S 51, i, S
Vegg = 3 (#¢ - c35)"

— shi€%ed vacwsm SFT solutivn (restorimg Susv) Sea IS

Avenues {or fudwe f'hves«h'gas'—mu :

SFT solutiong +hat descvibe lux Compackficabm with
D-mstanton efifects taken mto accomt Via degmhing
otmt D-ust, open stving Lelds

Gm SFT caphure other non- perfrbapie effectks 7
¢q. NS5 -breme MSemtons as nm-pert. soddles ?
qaugqmo camdensate ? KKLT ‘03



LUome  add domal (9»(—%6 ProSpects

J Cmv\?le.h'\a'n o% GQAQS'\'ZWQ GCBSQ& SET 7

evon thogh cloted SET hag thus Rur been defned MMN(S
He Coustructn of perfrbatie  Selubbas Hut descibe (worldsheet)
CET defbrmabtne Adicdes +hat i4 cught 4o be possible +o
Sum up the pPertvbedik SeneS M e Shihg Lo , at least a+ He
level of Physizal dbsevvables. Mukherjé, Sen 74)

. Scheinp‘Flus,Scﬁhakl 23
e-a. "mvnsa.,.-a-.la.w esdna-(o(ogn solutin,

j\\\
(dc V74

- Ak m{nimaQ mo-c(fy(
Rw? T6a Pw
— ~l2mrk —|

Maze, Sandor, wmn' XY 24
“ Wk T the space of admissile sl-n\«s Srelds ? “

The realizabon of clr%nw(:ﬂ.:s\m as an (Log=) Jouge trang £
M SET sthnld Plaﬁ a lw:] rle M Solubms Hust desenbe
4 polery y C/Q\MJQ and  horigous Ghoshal | Sen 92

Maze,Q, wM.J, XY w.T.P.



. Does OSFT make sonse ot +he uamhum ond
non - perhurbabve  level ?

- rD-MS“'am-l—uv\ e*@v(:ev(-s may be wndesstood vie von- Qexk. Sa&&(eg

- Openw Sh’\fﬁ leg can Cover meddl Space
@? Qmm S‘w&ceg with ‘DW

?ar‘\a,\;s the S{\\A?bzgt et Cage T Wittew's eubic  botme
OSFT ow 22 -brgne m C=\ SM'ﬁ theory

. 22-%orane
w/ roll;
/LC—-’ ks /\Q»

OSFT knows +he formi swlace ... ond other Lomins 4o 2

Tma-cﬂep&dw perdurbation r\%eeg amundl A "D“'\/j "'ﬂd:jcm ?
. 'De,@wa ~te OSET Poth .'M'Qﬂhx,q m-vuwbwh\»elﬁ ?



=5

open - closed
hyperbolic verdes

Clho ‘14

R Op.ev\- losed M&B moy be L‘A
wnderstood as a »@'e(ol r‘ec\e.—e\n,{hbu ;f;f’:l
n cpen + Clrsed SFT |

ostly
- G iz dea be realized M *&J:jw makter ? S oy Opes

Open s}ij mllﬂa hc("ij""‘ ¢— closed s?'wnj rad cahin

- Dere ko\ojm.?bvﬂ \33 1. op.u-dp'S—QA Lrold r(cle,@,qhm

I . AQCJM, \l ‘M»{{' ?
‘ Mﬂ need 4o better under
/ diffeo ™ SFT ond

\mu to «(u\f-a the “nead

< CSFT ‘ Climik
O+C3SFT — / \

-




