ED

Closed S’Cv\'fng_ gpecfvuvm .

Jn s cane ara deod s tavtn oo Colored a—]ﬁ oeer Uadevy

M Ve —h —vAq [EXPRN FoMo Vs Y
\.O(M,o(n]-m*z cmﬂoj[fxm, o(mj_mq 5Ww/‘l0 ™ p ]-L’Vl\[

4

J

arnd %w eonda Copy, the Prruci,zdx,&-f& MR the opon oOwrg
care . We oujﬁ.’m@ thee nwnmabey cﬂomw,

£ —_—
i

| g °

M=

H

Wit aeopecdt dp these O(t\\ e ’Y\>/ [ oow Lower\'a/\ga,
@\owﬁ'ﬂ avd <><j),/\\ O ;u;uls.w% o)az)w\imrs,. Sty oo
lobeled by thetr Npg ard Ng eigein reiiies ancdh theai

[N

P7 dlgnvaline . e grewnd 20G [0,0 ov 2imppley 10>

L Li.ll/fl/?\e-ﬁl L’a .
(;W/: (o>_—.o/ &Q\ (0> = O fov ok fYV\> q

#’MLQ)k)‘ = kw@,k>

E ocdn Off;n ond A cf\c_ﬁ»\_éy o O, LS bnCyeansed g Nz ard

-\

N T wadiets [0\/() N dnd AL Mpeghu{ta v Ve basys
sy aong Thnn a—f It g SQYM

_ © D
\{’LQ",W\)?) %ig”,m)}s K> - // Tr




anch oo Jloﬂ&c.{,f;\'e_d 107 e ;MS# Lmtegzrg %léﬂlm)q an—|
{-{t‘,m)@ ,{mf 2oncha M ad .

N lf ) 3% U, S > = A ’W”(nwn PL@ ,m)r§/k>

K

Ll?l([\.m)g E_Lw Mﬁ k> = Z m ZLM m)lzt‘“:m;)i '(/“m) >

A La«\g& MU bey u}: Hagse sy haudl Y\.Q_zj)o\h\,\e e rm (cw
Aoy tn tH opa/\,\/)bw'mj cant, hese aowe sele, cgdccualzd
Witk % and &'jmj, Alse ol s slage , thore o no
Conne chion befvoeo, these Cﬂ(u\a./v\—l-tww s, crj» N ]C)\M,W\O»S'j»
Loss JQQM ”tbu_-anj im 2 - intersieny a-d tle qv\aM’mwa
&to"wWLca o e clased sliirg, BoTh fiese ULl are
Aesclued by tha  tun peal Gl of e Uitasare CenaTron inds
M Tl space c;; A, .

TM VitasSero 30/\,\.2/'&(@{3 (s S’ cz,){vux k\a

(..vv\:: LZZ:O( ;.o(,y\g) :";—Z;
n =z

N = -0

Fov "Mz o, the Normed wdli?\{mﬁ b adwndact. ot fer
M= o, tha MNovmal ocdired L, & Us d’HM’L froma T
expressions  waflhond Mern~ol mduzﬂ.(«m@ by an undelernined
conotand 0. Hewee Gn all quaateom  eppressens vse
Aploace Lo AL by (Lo ma) anvd (be-a) 4o dake
S avm\la\'am{ha b accsunt . Notivg fhod Loy < Loveo|

/fb\)w\.ﬁ/j ) y PM
Ao = /7,(2(‘7 >



1 P‘MP‘A*N(A) —CD:"‘—_PF’TN

e ’ TV

-t

nﬂfﬁef o San~e oot "L.Q/\/\faﬁl.«j cofvv\pub\t{mb P Con DA That
e Ly & Tana ,Amiz\/)}/j t—e Vicasdeso oJch)gbm-)

l 2

The compntativ, willmtbe e produced e bk cann be
foud ty tha slardond MlesoRuong .

A aGs by b wgardaed aso prgmced AEG Tf Tk
/SA"C{&jf{S

[

(Lw\‘agw(o)[/\f">: O 7 L_CW‘-—O\SVV‘(ODl/\P> =0

Fer m> 0

theso jUMaMtu that ﬁnvg\ ng/,ceiz)b\& v\ L al, r1_>>
- o 0«/\/\5\<\(’le o\QM [ A4S —o foe oL . \L\wtaﬁm
fle quanchonn machamical  gorershzgnbions of (T,(/S)LL% =0.
It torny oot ol 200 s sadlisfyi ng these condifiom s

o  met  hauve Ny\ﬁm e anby, fovr A= D=2¢ -
Curteernwere, +thent carotrants @ofablish on connecRan

bel wreony  lw V’Lwdmto o The ,AC\,A"%@ cod fe bt space.




Eird comder Hte w20 cauvaTreainTs: theie ca dyo be

Aot tlew an )

(Lot U —2a)|pipd=o, (Lo =T lpep =0

Mm? to Tl Jr'o((m,a{v\? eperatsy zqu\o\bimsi

2

= wnz “aT) Q\LR*NL—"?A) , N = N

i /_ 3 —_—
Oy, USing o(wl/_yp[_T g o =\

]ogﬂl-: ?.Q\i,z\‘tNL_—Z) ) Ng= N )

Fromm bheir orne cast Jocod St the mouy dpecTram ot
PL\/\?/}K_A-»Q sbokes., Besides  thd, R PW:CAQ Ay muugt also
.50\,‘0'5}9

A feco QQ’\WPLM Qng !

N =Ng=20 ¢ This et 1o |0, k> il —{K=d M= -1,
and s cavves ponds te en md“dm tn closed sGung tteory .
Tt previdevec indor ankeg ot clesed boosonic ,gbu”mf) thcorig
X leaxt thae e NG Jormnn Lnlad mavs, by nd& A\ |

N = Ng = these AQQSOJ\-O-CS‘?M,P:(M

Mmoo =
Q’/AV(L() @(-It O(_V( l@/ le>

T L

W\‘h/\ M=l = o .R\—Q_ I._‘ a./v\d t‘ Cmckgwg(w\p\«a



-
N

/,_,
k ~

That 2wk 2 g, L kY=o

These  comotrou inds v thod \obv?/blcaﬁ PLENTY) aiwxw(}d
hovw-e - negative Moy 2,/\0 s PV Tha duscutd on U Y
(_Lb_»QQ/? poroldels thia open AL)M«@ cane amd LTl ek
b e /w.)owytﬂﬂ bezo , ka{y‘uz Ng {—voua thaod Lo
negalie  canbubullons to tha meormm 2., Zko Ce
“Coq 2oy ~ Lo Zio  comad againit poitica contri bnllons

£ rann oo Low  avmd o parnt of 2¢ 205, Azua/ <\ Zf“
o Q,jﬁ},&a{'(waha)cmta e 2—‘{ syen \akers oi" a~d 5‘(3(
for (721,35, 2¢) cntribnle o s FLAAa/x:QA HMeGe, Lol da
s ave  2Yx 2y \p\/v\/(}/mcauo CanpoW\O/wfd.

Eul) b A Aok 2 tewor o SOLLT) forming
o aaducible e prusenalis, ot tls Frenfe The
QMC,LMQ Lig )LQ/PWD\C%:\, I~ waburdh b de o ps3ed ana
the dgmuenefric tTraedess Tonsay 80,\\,)(‘&)) e
9<\A"r{4gfmm{+rx’c Tensay ZEMO]U‘) od Tl teaww ?’_V“
Lohvida 1 e dealant e 2Btes astocialad w0 ZQW)
oo Tt g ravitond oo Awé%uf.eol by thaor D fo ol
properlles, ha termns s?T'L\JL Lo DL&'\/V\/)r‘;(){V"’) E_QW,U;Q)

tl— corstavin by ang

* o ) o LTV S
3 " Loy 2e eyl e o

o htcda @OYYM’}QM fo Tl L'Wx«(‘g{,;i € rnstein Qp(u\a;t@ﬁ
for At mgbouc I s ’YED(_ Q’(’)(M Lo e coveoiond

Gorge (TRAL fle, damb ficalbis, 9 eadild begond The

Liansi g lowel ot be i, cemned belos )



7 SN
A \\
4
iq an
Y
\\/

?_UW,]Q&) v Mfw o an Tha Kelb- Ram ond (reld

A e o We  worll ace wieve 0-39, tlede o e \euo.




Vevrtex @Pefo\)(\am awd gmm‘-ﬂw?b\?&\‘c&

 Soe e we hauve comaidened diag Theery of o Ainale
/ﬁb\.«k/b\% and  shasn that K cann OML? o x iyt L centn
quatona AR Ly dhanmctenized by MASE, sph (e,
2 o wsentnbion,  wades. thaa Lorw’l"g. %mmp>,e{*c._ W e
have Mol et desoribed  hav these ,.at:w\aa/) tlenac ©
il eoch ofher . e Ll Mas give @ Luwmm
s Ltz 1o ot i end  then,  wie the miacai _
MLy to  bedd o mc_tuuu o Apace - N | \p.‘/\/»azx.c) L

Toruy o tha P(M/C)ACA sf e /Jt)\/{z/\a world shaedd .

Tha basic @13 et M/\W of VS IN Ab\.m/\@ Linlena c Bons

)

oM. %ayww\mtu vy T x/evfex o pe ety A VN A‘bur\.@
o ‘3“/\04/\ PL"“‘QA‘C"J‘ ol | "P> Qﬂu\:t Cen\d

\L/\AtQ)LO'LLGu;’Y\)

Q@YVMjpdV\d +o0 oo Mmuimben f Bf‘v\'v\?a b e PL«A?Q(J»Q

oseilabion mecler, Slppy @lepy © - )
.>’\le\%1 y‘.{b\%’l

eudves tnbe  ansthwer pw%{uﬁ VA l/\}/> The opevator
ot affects Ths chamge fwm [ o 1S 1 called

o uevhex cperndse,
4> = VD

Vb dmobiudad i vt of funelins X5 1) on

Ab\,wxﬁ oy W abhe fand U ferm o Ccans trained )Okd g o

Aequinsmnend Mot bott (4> and  l4Y shantd 3ablafy

Tae phegical et condiaans o
L~ on D o= ©



v

.Dk‘o.aam/wm‘i'fCA,UMD) 1l L:\AWQCQ’V) CmYYMY?OV\dX +o tha
J’o{vu'v\_gé e /BPL'ZtCuA@ @-Eg cleved o P ean

o 24l o§
/Sbl\vxi/j :
E N
R [¥> %> [¥>
((closed) (epe~)

Cm/\,foymd L}LWV\O,%OVM{/_\;Y\S <</o‘fuf.£/e/\ o g /ﬁ‘amw\,ﬁ’%‘ﬂﬂ@

M%{v\%
orld shatll  can be mapp ed

o%m ﬁu,@vxj>) The abyie
+o

0 )L |

Hoeo, AR The ey 1o woherne thhe woerld sheld
branches md W ’VL‘\KLVP{EA to o pond (dencled by o andd
x) o The ovigmed  woerld shedt. W L aF 1L paink

Had s vertex operatky  cavespanding ot eniGion
G T mewo  4tale D asevted ( e el see labtey whal
th CW(L@ MLAMA L anCule Tea wu). Nole that for spon
A‘Uu(%éy, s Lnseviiom talies jplace w\L.,a on Hag bcmuvxobuua
q The toevlsbecl, 2., opon /sbu/\/\_j ve vtex speraders ane
coobincled b s o X o) o XEe 4, 7).
A prewess N\ tla tdao{

Uwnder

”} < et wllosed)




v ondt allas ed  Awce ad Tl 4p t’hvxgj peink e oorldshed
U et fwo  Aimein Suaad mww({;ctd. et w  mawa -/3@\3«\.0
Tha CIV\/S'{’YLLQ_M J{i \/Qr‘l‘@.;& OPW{*@G VV\ Y avL cL,th/m,Q .

Cdv\:f,‘ef‘i\/l/ko\ﬁ UJL\'OLL(/\T\S ar ol Cm/\j—erw\aﬂ Priviaafy 24

A(ktUL g gy %\”A\AV\% ‘Mpa/m/w\&’tﬁzmbém} aa~d W%
M}orw\ab\o;\ﬂs, wWe oong Qﬁ,h(‘ e T @MJ}cymckL ‘h‘rr/\/vuj_

S\d{ Mt\f’kV\ ]

L o), T T

as Thoa 29 rmnagong g Ve o The woanhd shent f@\wvd. W e
e LxAth‘Mtﬂ.cj L/m E/IQM/) JthJL“ l/\D\\./\Q MNA Q2 Cgm’fD/V\/\f\i
Punnsformanlion prapeatica. A fHeld Pl e ) thad bumns -

}ﬁrwu.x 1755

Pt o) = 90*“ ) (”_) CPLcr,cr

u_> cva(Qg{ o cgv\jco{wwdl \ammaa\,vé )(I\Q\A d——t Conn, \/W\d
r,\u,(@(,\{" U,\, [,\) Fov Q)\a/vau o covariand 2d tewdor
uD\’H/\ f\p -t a\m\(i 0\, Ll MA CL/'LQ./_) CP

g = RN A G AN

¢+_t§r =) Q—M‘ )@ ) = C{)@“*)g) (ds— ) G
'\_’—‘,Q_J —_— .fT_—
oA e

Liwea ﬁ/\Q C‘V\L«D chjvwvvcha\.ﬁ U*ﬂ-—/“bqa;‘s(n e oy e 0»{‘ TUN



/’/ A\

(3e)

OU/J_P fiey f»»fL v Tl %—,*QLA X;Qq’ﬁ qf) 5 Con -{—o(wxch PRAWVNOSN 24 oo
boodt  n tonmnas O"k XM ol 1y deiigeliued . 2inw
;»x

X' oibtseld b o scalom o Tl orldshad, under oo
Cenn —g—orvv\o\i Jtrcwxo‘j:cYW\a% ,

Xy = XE 8T (clsally

Hewnee K b Q\,E\‘) 2(0,0) e treolod oo e clowd cad
Field, Herne o 3ot Jrelds  and  than »c(a,g,&iqp\ﬁ

Conn ‘f—!! v all oUW\oA/\S\\dVL\‘S :

, T px”” , T

M o ot e 9.7 X X ke X"
N ® o l s o Q S
N \ o o 2 o 2

we il sce belos that b e quantum Theony (hh)
W ah,ﬁe)z, .~mew T clodsicad ywluoeA &Q/fo re s, oe
stendd explain hao o canformal  tiamnsformedson s
W?LQM,QAM L tha a]vsa/mhm T(/\Q_ertj. Fovr t; WK
W cansidan an bafin e ineed Lﬂw{—ﬁw«d trm/w/)/l:o'\(w*ﬁ\t;\;um

o~ X . o~ _ _ -
AT S 2+(O‘+) , =g * o)
Thaen to (5t A ovrdan s Zt 5

beo D= (o, )OI+ )Fer) ~a9e
c o Ex-



aY?

{E&p: p-cp = ~(h o, 8T sT) ¢ -@9_2"{2’9;)4» o

Condy tha cane ok clevyed  and o fpean 3'trir/\§/_g AL POIUN ~
el . o ,

losed stritgr @ dn tts cane 2% avnd 270D ane
tndeip eandond vw, go  ont thag  cerves \mw\QU%% ven afony

e = - (W22 + £O ) S2
» NGy
32% ¢ = *QL—\ 8’+ ZT‘P 2T9+> CP =

Reu/\.avvx'aﬁf ot Al AL/vsu\ekJ‘L\'OLAvC.ﬁ— (5% g MfU wnnclen
Q.A’?'V\.AF[)YYV\CL.Q 't‘)\ovt/\/.)j'l-wwwv\b\ém S wanadted o the exzloe of
Lo conBerie A (J/\Mﬁ,(y_\ - Q?." g ng Lé&r(\"ﬁil N2
Aot those E"a & avd @) . e MO&‘H’/\@Y‘% Tl aver
olse B,y s thal dlwre consevuved d,\a.)w.@,e/) aeX o
OEA/W'\’GY) c? TL’\Q A%v‘/\ vin -Q:t‘rv .FW’V\-”.}'&O '*(")’V\d-xt A ,

~ o -1 Qe t Qe

P = & P e

(1~iQc~ ) d (1 x{Qc~—- ) = b = [Qe, P+

N

wlbone e woe Thae fret That 2 6 n finitesinek and Q.
i Lineas 1w 9 . Heve 5 codd Aad j?uv st o s,

/ . e
H ece I "YMC,{/\GL/Vl\CAJ‘—Q,AD) Tl v a lions oz_c,b Fomd
-

S, b e comyp wWled Lo



S-b= -i{Q . ]
Ser P = -iQ., ¥

@M\OM«I/\% o ot Tl C_UQ,S.'MLD dendvad ﬁV\P"MSSL;’”)UM
o\otau”h

1" : N - i - - -4
1Q,-- ¢]=(h 232 +2 3 )
| ) | ©
{[_étzw) ':P:}: ("\ 9—+ g A ZTQ-(-) (F

L

i

g

these @9 e G s adloro wa to v~ vatk NS wV\J[o\fW\o\L
wo./(.sl,\,t) c;:ﬁ Cp b\j eu\e\,"u\a\%'v\? Hoa co/n'\w\v\(?\t'ws on Ho
LLE& hacl siche .

R-&W/W\ \0.2\(‘ M 31@/ C_(E‘xe—d /D:tj\v";/V\%)

< _ 7 Z —E -Z?T?LL kZ—\— )/L
*
T o
- W
S’_)r _ Z 2:2 é‘ﬁ (ZT )/,Q

Wil Aimalae Qx\;wef’yslcmS Far Q. Thew

"
Q = 247 L
2 pk el - " @
_ 2R 5
R T
L




(o

Fav tlha muodes 2\:1 =t s Wm{lﬂvww) .Qi\u\od”@ﬁ
@ neduee o

@

W.RD ean be aeod sff  fom these quabions, muw?xx

o provchice. covmprding e commanlods on e Lot hand

Arde  candd be quata tedieuwon ( Lot coe ol g cant

%MM§ @ v ternu sf The opernalov "/)\/UOU«QI'IZV\\OWV\A‘MV)

wivica il comnidornbln Al iy the calentalions) .
Let wa  ex paad P (7 o:’) an o~ qu,ﬂ,\CD\a;qG? e tlrern

-

G‘* v G

Y )vv\Qc u)//(

P@ia) ) e

(e )y
<, @ D e .

;
= Z
QWQ nee d m/\L,,a one  of thiese ,u‘\mes o o~ UVW\Q>
Subibtuling va @ cd Qcim‘b;vv{@M coe Hieindy S Tty
ST L v bt Ardes o the eqrontions , coe ol

——

[L—k’ qb,,\:]: L\A(L\—[) ~"V\> CPLK-\TM- @

EE“&" C‘P”‘j U‘ CL\ —V\> ,$K+M

4
T

Thesrt ca be woed fo rood 5%6 e condormad O(‘IW\Q’VVSAU‘/V\S S f‘;@UZA



As aw applicabtion g;)t’rkuL Aﬁﬁw«(lé./ﬁ) ekt W coanyden
o freld @m Sy wnformol  weaglts h=1, h= 0. Thow
we 2hald Navse

[ L, &)= (em) &

e ane Tk Faoizd medes o P e
comdr  T__ (wiflh Ln as Paouwieon fYVLvSCLﬁ/)) wolarcha ot
toa  closicak Lol o h=2, Ihn=o. The amo&@jc,\a
o) the aboe 24 inonBoon W veowo tha Uirtassro ologelbre,

U——u_ R Ln] = (-w» ) LL&V\, + _J%_ 04'3_,'1&) N )0

talaicda c&\ﬂm Ao T 24 noion 7Lw C{BS“) i to tee
predenee oy tha comt rak chharge Favm. s T veon -
evo  centred  change vdicalls ol Too 0 nat v good
contornal \?PQW\M«& geld ol Tle qurantuin fovel . fnoften
N R Y P wolhidh ks h=slizo
e claniesd thoory , Bl o ek o c.w\jLovch prvaiLy
o e qua~tran M"‘O’



Openn S{rings ¢ Now we ebloun the formuloe Thed
ompute te vc_o'r\}ovw\osi dimensions of fieds tn open Abu'w%.
Theery.  Wae howe e lhod vndtr an tnfinites naad
confomnal  Dunmofeimalio, ,

et = 2T, o= s(@),
O primaney jﬁq‘ab\ @  Changen by

Sb=-(hasz’+hag+s5 +79)¢

b opon gbu’v\@ "tl/\u'rj 27 and ¢ oo met LV\oL_,onmw
a~d  are %A“mem o Lo s s} b sawe Faouner e des
Zi ) i 1)/ _ 271 ke-67) /0
" 2] PO 2 = z Zb\ e

L

N
4+
I\
F N
NO

On  than ollhhern \/\.Wmd/ SECP Ly also @4\;\@1/1 ba

SP = ._z[@_z , & ]

Lo leng. Qé ka Thhia ..3;24%910\60’ f Cam)(;efw\&ﬁ; bu«m.ajb,{w\c«(/_.\é/ﬁ
VYSIINC1ZY PN 2By '“/\Qonj N

by ]
Rez T Jde(Tee 27 To8 ) =T do Taw 27
o [0

_2r
=7 2 i Ly

| ZL 3. [LM ¢ = %KK 2,2 +has+ g, {9.> P



e
7

(a2

b
.

e wow tnblowsld o s Qétvw\M ok te bmnota;\,\?
% T opess AWV\% voorld et 1.2 ,fzv T=0O or @":Q/L
(é’ikc.q we )uljadl.d qﬁ as en vertex O}QQJLQJVQY wi
s M?U\Q_d abae  hadd Li< o Hw  oarldsheoet b eusn -
Ck&)\wa) The MW\%

£ *z.zr(u\ v zA \”‘u\(zio')/Q
J.&" = 2:: - Zu. €

ol o parivg tha weffrehemts f 2, on bolh scdes wre
g ek

, ”zzrfl/“--z,/i ' ‘_ ‘
E L k. 2 ijq_‘; e ( J k- %_ 92)@@,6'—;0)
woleng J = i/\‘t'_l:\. t;o FLONY CGfV\j(‘C{VV\&-ﬁ d\(wwyim 63'1 CP Lo

optn  HbVing Thoong . USTng Hag ex pamdlon

' = ’llt\l’WWZ,/
bfe70)= Zae

: cmiatly o e y
Z‘\,LL“L’ ¢, o2 = Z,: £ - <J’bg—-«1/\ ) 973”_/
e

=

[LK/ thj = (U'")k - m) CPWH’LJ @

This o thae ,p_a(w_ta;ﬂ ot cam be waed 4o datemine
H LQM{'GVMJ X Mquy\/\ J- 45'&. f}’\iw SN OP?/\/\ Oblli/g



