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C,ou-fo'r mal  favarioant .
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QTR U IC S | be couse (gx")" hos wvonj Kenematic
term S"\av\ mivela W think this Sy clem Wi be unstaile.
but now we can omit X’ \;\3 w.w\a Constramts  Quol
30\&3&. fn(u\-\s Then & ak-— Lome ao.wxz C,Qar-tl\a') Colva -the
‘:Prclole.m og u.-\t-tu-j ot qUdntum (Q.\m( &u._ n &ak{-

~(ene  §owqe . Loveatz 93»—»‘*' is Net MQWfQ_St,)fEMQ:'I\c’A.J
So(O-1) qume.trj.

MOA-Q e“?ﬂﬂ. fion .

N z” m (1¢t¢)
L. - “
n+t °zh = d‘_h
0

)(M ("B~b")"' J; ’Z 9:_,“: a(n(‘t ) dn = :{-’:

for Dpex ﬁrum} M = an , Lefe ol visht mode one
e Indepondeat.  Conter of Mass Motiow of e
Q‘kn\\.a 5 giwea by the 2ero Mviﬂ—

Kt ofea L airx"(vzt)
Usta 2.0* 3k = Qexi (Gox ™ and 0%9% =30, x¢
To Gdve the mode 8f X7« V™. a; fnd A
For  closes STy



W= it Q' D ( Ly ol T Ly

méo N c-/

i Ol_zn blné = S J bl (-la-\leo( L\Qtd\;.j w;f\'oh)

n<o n¢0Q

for 0fen (-hmk} .
2utyT =V + Z o\w&h
fad no  [eve| mw\.ﬁ Con dition.
(kL9 xA
TM(«’N»\ < Mbe try Neether (uwrent Ja = 225 a X

= P = [P f i the Gomcerve  Current,Momentun
F?T DQQJAY(‘\‘MS \)M 24 ?/A

E*\:*_ ?3’ 3: A 01“"

.,?1—-.
D Miper = 2 T, tnad
Fe-r lered S‘(‘n‘\j e \)"" d}?
_ 2 4L+ 8
= Mpred = [ n S v i

Now, §unstize bé'. C| . X)Lt Canonital werld
cheat  Momentusn A ey vo M= ={¢ = ﬁ&, Ic X", wpese
Counonica QqUAtiotan Condftion
Ixiter), ¥itev ] 20 |, [T isr) , TS,
I X ) ME p]= (§556 =)



= (:,)(é)?')l:c"&ej’\ ~ .
Cotm, wl= [ol‘:’ J“il__,:mg,&v“

N \
Cheotion OTQK«'(":.\- S~ 01..‘: o
&'\h”\f (O«.ﬁt)n otn.ro:foy ' j_:« d‘!‘h
Sqect rum

N=* V a Ctiiq

J,ﬂlo,p; J.f, lo.%> =0 Cor all i,m.

M>\D X cited  statey
S W
bl"“"( d'“z ~: . J\~:-\‘ ol-;h -t \O;?)
Co?@«c{h‘uh Onl] d\:h)

Oscillntor nualer + doh ol = MN,, vo Suwmation
x \ -} N
MD?M = ?ﬂ MNW‘ t Qo

Lo is the Summoatdn 0f erg pomt ererqy of oscllaters,

it comes from [l Al 40, eheh Oscillotar Contrbuty
Jz:w)w\“ the M‘*e“c—:‘ La P\*&.SM‘(', , W =g SO -

ao = '(;T i_ t "):‘W\
Fer  cloedl Q-W'(v\a :



P=2 o
2 S —
Miod = 57 2 ;(h«/\) VAR
g Ln_-(‘-t K'ﬂ’“

/ 2 = 'Do \

0\0 = ol! < ves C-\ * 3
= |
aoe,wu\n ~Zeta la,awlt\'ht-zat\on g( D P

= &OP@.._ = —D{T:-o% ’ aclo&e. = -'t;::.ilL'

open S’*\‘Ws SpeeUrum

n 2 O 1
T,Tﬁ.cf\yo!\ oL P"O> , M =3¢ ol

¢ “ T _J_ D-l\
k,k\lec“v Botens = ol [O , P> , M= 3 ([~ v
In 4‘;&-(»-\{ ﬁ&u&g , Lovenz %Weﬂn T h?&&en' To
TeCover Tk, SO (D-1) Vects osons Sheuld be wmassless
D= 26
Other wise, the loteaz c‘a,.u-wj Wil be Lost in quantim leve/

N

H\gb\w ectarions . all  massive , W|’ck G?A(“\j 53 &
halilerts | o> Tt
c_(oseA Sﬂ?\t% Spectrum
& D
TM‘\\/on 3 (°»l’ >, M'=-; L(f
%‘ 1.26°D
G'\'&Vté"“@ 'D\\m*on@& e - Dle.q lo, P > M 6°ll

Aaum clotad fﬂ*.-u) Con onta Qive in Dy Likes 0pen (ﬂ-mj
Highor  Modes ove all Mmessive .



LON EMQRSJ E'FT . é
3 -1 2 -

Sii ~ [ AT € RV R Hxdban,
T instein Gvav?tj c My X G . Mo\(& oL 3: = [Qu §s
PBut this M“’"S s Non~-renormalizable, I, 9“""‘*3
'H\ew] L all Loop dla‘zm»s are fLinite,

> gLEE ~ -liféztk = 39: e_<§> $is mﬂolu'u"\-ame\'er
[

Ev*@/rn 'l}\ihj 1€ n rﬁom; S-QRH’.J alQ'('Qrm'v\ul!
Modult stabilization Problem

Swper ftring (world sheoe Susy, RN formaliew)

SS\XM- == 4—1\}1! JL5 ('a.axf\ DQX,\ + .‘\(-raaa’u’.)
one (ae-? UI\"('GTJ ) QS‘O "Qroju«i-n 2 Quanti2otion Withswt (X-M
"“3?{ TA: kf“" B)«v, J/ A’,\ ' Cf‘»‘ + ’G%M\‘\’V\s

Th: SRR ,X,Cw’ CWN’ + faehjons

RR Lorhs ond  their dQerency in A\D +ke»oh3 o
Very important  for  dssusien 0n D—brone

S('mﬂfl\ e—@ oPen St nk;‘ (ntefaction .
g; ~ 3:




D -branre

D i¢ for Darichles Bomdqrﬁ condition,
Br Dirrhles PC

3 end poirts a-\:‘ opem swr‘mg showld

/, on D-brans

5o (C(, ) X RY! Samm‘ts are bwken down b\a D -brare
s ) LR — RP 50T CLP x Socvoi-p)
Dp brases skl Lo  (easddered as Am-perterbahve
—l'S?‘*o’inG’ &Qfgq N S‘+\':‘~\3 theory.
Note .« X° Cannot have Dimichlet Rc. But fov
Bu clidean S?ace-(-\'w\(, W Can even l‘w\Poce
Dirtch e NC on Xo. wWe @bta)s DA byane

g’“‘"“} GG qleo enk on

P-brans  yith Js‘fezrert

Alrentions /

Open (.‘-'c‘(“w\‘k Sgctrum 9N Veo- brans .
}*’f(&,a) L =0,\ ...0 (N) Q&= f+,-~-,b-\(o)
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s befove : K* (== 2%+ 24’1>°11:+ Z%Q*tbosns
Foy -el)‘o_ Neicklet Le the most enefa\h¢$0’u1\\v\, 1%
X (6./ f) = XQ*’Zol'[Da'C-r XR("C-F)f X:‘-f"'d
Using the Bey X0, 0)=x%(m 1) = b
= X (s 1) = Lq+ > %e‘“"mw
The 9"“0 dif{erence between NV and D Re i§ that
P“=O , but the mass slell pondition Unchange .
QX (W €ation States are g«i\l:
R L FE S TCRE T DR pa ]
2] &wh H\?Aﬁ ATe parf\‘c.lzs in @+\)—dimen ponal. werld

Vo(uMQ O—U D-braazs . and eal{ Iaf o NYMSE'\‘\S' v‘F

('go*(l,p) % TP) » So(P-p~)
In -Q?gkt—oene 3&1«32 , o=+, —, C, the masslest

Ctotes ave
LS (o, p%> oy 19,P%
RQ,sPec—t €0 W ovld \/olw.z P\mc‘(m gN“?, t he
fﬁyrw\e_‘- 1% Vacter -@‘(Q(ok, the (otter s Scalar fickd
And  tuo end poms of Sering shou(d end s Same D~brane

i




d.o.f of Salr Res = transverse directions
'77(9'3 Can be a\y\far‘)n{'!o\ as -(:{ucfum.‘ens o'fl the D-brow
(n <masyerst drrpetipns Ccollective Ceuwoltr\an)

/ et 1 et
F X cfPﬂ(x",“.XP) F X
—>

/\__/\/\/
x°1‘0°“P. x°o"°"P.

L

P

A

L
rd

Curved P-brone means uen-tn'vial Sctalor el
Qrcitations, So At world polyme [evel.
'\avinﬂ " excitation modifies the Dinchlet R-c.
GO Dbrane Should be Consder rs A& Tandoamenrtal
Olojich XN th\‘\’ 'H\eorj, net Just OBS o rt\ﬁ‘i‘d R.c.
This Can Qlse he Seen 173 Gow energy BFT.
i Cﬁf_‘\ern—ﬂwv\s term shoMd be RMQJ)
Swzs — vad?*'x A\«-|Ga@+zzd’ E‘f\ , Gap= 9«:\7(“3‘; X Vg o
T EY G Tl (1 1RagFh 30008
P o (i £ e )

o 3% can be Wer preted s (@nter oR mags positimof
O-brene  yhem there t¢ ne fluctu ation . D—bioy has ll'-(:e.!




Tension o{} A D~ brane
moss oR o D-brane = Vacuum energy of
open Strikys Rivig on it
Mop = Tp Ve = Evacuum
S Va cuum a?:'o«gmm of open s#Trhys.
2 all 2-dim Swurfaces with at (east one
bouwndaries , but no ecternal oPQn Sf’f‘\‘a:

D @) -

Qn wlug

o

A’QTE: There s No  Vertex c?e‘t’o:for on the hv\.otaﬂ'%
Far  WeakK Ooafll‘ﬂg Je <<)

\
T = Loar(ayeon

Foluali
Which oan be dexiyed from type TA ﬁf)l'.l[@

NoTe :

f S / The Lea&.‘n-a an tera Ctiol) lpe'tweev\

t tW0 D—brone. AsSochate 10O
[‘ = / GTavitop and dilaton .

this Cy linder fef-fagy give s 3‘; o volon amd. T




(oves from D-brane Mags, So +he gravetotinal feree
between two PIranes ~ GuTo", wa said befort

G.«/""Jg& ,So this cﬂt‘ﬂ-ﬁmm tels ws @ the
proporetonal crefliclent is dextved |ﬂ‘9 ‘*’5“3 ﬁ“\\J duakey.
A—(termﬁvdj_ )’eu an also ConsNur the th‘\ohr' os an

O?Ql\ Sﬂ'(\t\j J\\‘\A\'O\M Grout
- =) Tree leve 1n clamwd SZru\.z
% 1-Rsp level [n oOpen Q'H'fnz
d ll. Gauf,ﬂe
Chanae{ Duoality- Nl
Remark:

QlWI"‘j modes Jescr?bv\na motjons V‘E D~branes appsT
05 mass (o5 medes ?

b Obrans break +he translotin pmhatry, 75q is
'Hlt Q‘,(d Sfone bgjeu; INI\‘IC—]\ ar M$$1Q§$ .

Mul&‘\?la Coincidental D-branes.
there Ove. 4 tyge open 9""’“’2 en&f-\aon D-brans

l=> , =1, 251 , 2-2

M have ™ dentcal exctorions



¢, TT> IT.J7=\,2 , so we get Q(ﬁ?&g 0»6
masslesy Spectrum. Bech ofen Strin g eccitatin

\ 1
beoomes o x> Matrk. 2q. ()T 5 @°)

Tt Qn be quera(ized imhediately to n branes
Cerda s showld  Mwkeract Ln j‘oi‘m\..a thelr ends.

L)a k
k< __r 31
J (= Ta TbJTe
T

C N K /\/
S\émmy Enharcement & VL0 > - xp) — UJCw)

On the (orld sheet V(W) 1S aoA(oLaI Symmetry, but in
spacetime, t's a gange s‘y\u«urj,KAa)l;\- mutt be

the Oorre_c’eor\b\ qama & bosons. And the (ow enerqy
BET ¢ Yﬂhs—-lt'\i”r Scalar ’”\,Uﬁjo

Seus = = F$88% Te{g R P L0u)* T4147)

Fup = dade— A~ [ AD L 3efts aud—iTAL #]

P-3
l - ‘o—- ~ 3 ' ~
Jou = % g, where G T8 anumeric Gefficet



Pecall €hat when we comsder occitation between two Rparetly
Dbrames , Ay ond $% will not be masles:

2
M~ 375 ~ 4T
d is the drseance between O-branes, Massless ¢o

massive modes mesns that 9ange Syntedry S. .
by Se,pawe?yj p— brases.

Detals Qbous  the Hios; mechonism of Separartivg D-~branes
we will onlﬂ cmsider Uy =2 ULoxU ) here, any
Lurther detalle can bt Pound N Zwileboch SHS or
Polekincki Vo, T § 3.

The effective low energy Tms lagrangian ¢

L= TV(-IQF&FF“—-J; D¢ 'D”?’)

where A= sEp Lt AL o:) Dug = 9pP— LA, 8]
Now Stwdy the spectrum M the Hijss Pkas~e where the

i ¢
Scal oy ¢ hos Q\(PQOfﬂ:\omo\JalMQ | ’/M’\ctlzulutad
¢° = ) ) V= 2R/ by 4 ria
\ O 9 " '{—k“ 3
S S Oue) (0" ¢) =L (@'y+@Y) . eory

Thiwy two of +he gawge gields have TeCelved mass v.
Then UW)  breaks down to V(1) XUI1).



D-brane in Super ring

SUST excldes €ackym from spctrum  and D-brane will
Covry R c,kar-so,s , 93«; -&ke:\ ore Stable Obje(f,
"l‘:ﬂe TA Ccy)« ; C(y.v( = : |

e TO L Cpy C g A
P\vforr« Can (‘,vu,flz With ?—&:.u Worlk Volune Wl""A
Can be Swept 511 Dp+  brones. So Dp brane
Can  Couple with C*® ank the gange yrmery
Y tells we DP branes Carry Conseved R~R ckarac
Add?f“mqlljl You  Can 89\%\:‘%2 Mo;zwe&‘\c ckarje n
EM to RR fields. Co eack ﬂ‘at‘e(ec_trimluckq'rs-e

COrTespmds +o +S Magneti ea] dual Magnetic chavqe.
dEO - xd (™

SQ C(") Can a’kgo Mavle'('\\ml\y (‘,9%?\{ W (th D3 b'mne

9 electric Magnetic
TA C;l DO D6 §o X will net be postdered
c f.;) D 2 Db - i;ﬂan-ton
) i P-l D
i Cc,f,, Dl Co-stig) OS x Tq
9 b3 D? Give rie to o deficit anle

wer S Seff dud 4 in the Seor«etry,



On these Stoble b\'m\es 5 STM {-heorj lives oMN
Por« calarly M=lb D=y S™M™ lives on DI brane

O~bwvanes as SpAcetime  §eome-tries
onsider 293. & chirged porticle S'tting at Tao of 4L
spacetime , «he Lw‘l'mny'q»,
L - &g, = FBwF"
tom. 'a,«’{:"” "' , Ry~ 3,.,,R 72 6y T
=g §CF) T T ol
Whery the Paﬁ.clz E,\qmy—-MoMo\mM “f'eMer I's T{nmﬂf)
o¢her Corponests are g

These formulas el you how @ charged particle
dQ:(‘Orv\as the 9?“’2'&\%0. back ground -
= A= 4,”. Ge. [ HFE=1) ds*a —adt Y A At reny
Wh&fﬁ , A= |- Q-M\élf 9_% ' Vt's Resssmer ~Morglstydm Sdution
Similarly, Tor Magneric okarjzd 'Parﬁc(e S').F J Dmrac
Guantization tels ws 3:3=222. The solution 3 Binstei

(—R(A Bq is BN Sof tion aﬂﬁm
Now, gemefali®e vom +h's DO Qﬁm,?\e to Dp braneS




€.9. D3 brawe intype I, but we Wil congider the

Do energy BFT — type Tl Supergewiy
(67 Gy = (20) 9. Q'
"'?.3}'0\2_ o‘Q Val?o(ih\\..
@ J x|. Auatum  (orrectdns for clocecical grviyy s Smal
@ erergy fale T < b Macsive medes Cn be ignred
@Cuwafure_ << &-L, , sme Con be appm:amd I’J p!bu'nc 'PQ'rfn‘c_le
L' o §.—>9

D} bmues Co-rt\J f)v&-h('s ﬁlectf}c and\ Mav\ef.c C[\mgec.
Self < w) _
9y dss = ¥ =4,
3_.}312212 = ﬂ}:ﬂ}:Z’X,Z/
For N D3-byowe <. 11=3; = ,)75/\/ and  the tenSion
of Dy s T
—2_

- N =

37 @ArI? (626,
masy — d““‘ﬂc equ ivalence , So Bl-byane Considered })ehe
15 RPs state , Which 11 Sw.\)e'\’s\awu'tr{c olaec't.

Colue the BoMs a: before:
dsia fov) (- a4+ ‘idx;‘) + hew) (dysr v JL;)
- ': D) \\ )

Sty  R¥ Sots)
{I’lere TS ON eVvent horizon &t Y =0




‘f
fn 2 hen) (k-) HD= (+ =¢ ‘_‘f ) e¥. N %G~T3 = 4tNg

Thig 3?“?—’(%?— is Assgh?—tw Flaten. As ¥>2R
£ ot OC’?) €his s 1"\3 Tmg & cou [om b ?Meu-hal
in (R As Y ~ B, deforuation o Spaetine metric from
01- bm&e,s be tme Gizr\ificawt Dl-branes are (ocated

Ot Y=0 , near this ofigin .
45" 5 P +R) 45 Greraal)
= L (- 4o %) + -E dr + R4t
Ad S¢ x
Therefre we have tuwo Lestriptions of V- branes
C(A) Brom Dint chlee R. ¢. 9@ OFQV\ 9&“’\19 Sourced ‘5 b2
(b) Gpecetime metric dst,  awd b Flux on S° 1a
this d,vsCr\?-ﬂcn We don't nheed 0‘\)9,\/\ 9*""\"2 On' closed
S&rm%c live on.

Mink,, These two destriptions ghauld

(& \ [ D/ be 2guvalent. Ta (497, Aaldacenn
oonsdered aspecd fimit of this ofuralent

. the. (ow Qrergy imie ond (<'s
v: 0 Fown Nowodeys as the AAS/CFT
‘Dw\i‘f)«.

Adg;xs‘



§~ Erergy scde
Low Er\efa\/ Limit - FX B ,teke d'—20 or yye versp

Whateser you thiyl the Fey Ts B! =0,
(A) open S‘\‘\'?hj > Nz SYTM D) gauge Q\r»nurj
Im = 4% Js $of brans
closed 9’«'2'3 > ﬂmv.‘un , dilatan, ---
At (ow energy, ofen stmings desuple frmm Cled String
even closed string thom selves ( grovitaty s syweak), S®
the e ctive -tkeo*J is N=t STM and Cree gravitons
(B) Tn Cuwed Sacet me | “eneryy " depandls On the Geordinak
“ime we pse . E in CA) Qained W t. £ e tiwe At
Y=p0 , AbS observer, At v- docal proper tike dt=H Tt
E-;:H%f Et

Tor v>»D>R :H~] ;oM only  free graviton remdin
P2

¥
[:qr V<< R @ HN%, E"w__)o ) Et-B ' =0
= T . —'J;,
=~ B Y (CP7\35/V) —0
Tk\s Wmeanys | €or Gy B, the (ow eherqy limit wmeans
r—=o . Which means for Small r ( dosed D2 Lmnes)
0wy energy scale (1 Mmasiive medes ) are allowadd
T CQI\L(\kSI‘bV\.' This (R) du(ﬁ‘)-ﬂo“ ot low e“e’fﬂ‘j

Umit = @ S‘P‘\VQ-&on $ Ok r=20 4+ full $47TIVg theo
tn ASSe xS at =0 (with flux)




TA"-SQ twe Sectors should be decoupled,, but becoma Coupled
&S E increases [N >>| ia S0GRA YRYten.

N=t STM with UW) = TR sring in Ads xS”

DpRn Stthg Gouge Vector bosn Spectrum (ve on the Di-kram
VQLN«Q- Cond Cf mude ¢ gcaar l(ve on the traaswerte S]N—eB
(O SM (ives on IR W‘\\(l\ 0s ﬂl so the la(u\aou] a-e AJS;-

A S / CET &ual‘\—tj

A&Saﬂs?ace time s R Solution o+ TEinctein equation with
neqoive CoSmology conctant, it hes Constont Curvature

36 = I i)+ B B B peggndd)
(R——"‘Q(ol'fl) R ) R—pvpk —“p'(jj'\rﬁv}\ ;»Aﬂv(:)

Pomark: wWe toke Low erergy limit Lefere to olocaple
Come d\o.f . Swch Qs gw&on . masiive modes.
But prece We claim the ARS/CET Lonfecture ,
these modes have been decoupled, 0 We don't
heed to keep (on energy bimit, i@, ¥ =9




@ut 0«»\& one °'€ Tthete two Coerdinates 0"5_‘1 coersS a
'pmt of A&S S'pacef‘\ M. TkQ %lobal A S 4. S[naefme
com l’f described ¢ & hj?o.rl»o('w In o -Flm-, Loren? Sraoe-
-time  of Sia,\a.we (2,4) »
A= =T = dhg+ A%, XY axkE-XT= pY
W PIMCre  Cosrdinates o
r= X+ X8 |, xX*= R+ mrre,ol;omﬁs-mv»o Pm-ch
The metric a_gms ba,-eare-
@) Global (oordinate
Ko RW (RST .X—|=R,§(7\’_‘Sfm v&lo,po)

Ko+ X3 =R* (rY) , )?z:g‘—r‘— T& (o0, +00)
ds* = cz}[~ (wrydt™ + 85 4 Y‘AJLZ_‘J

Take Y= «onp , P€ [0.2)
on"‘-:‘,f;—_? (— &+ Lp*t SMp &JL:'(-,)
AdS T (‘,OV\'@TMO\\ Qﬂ’uivtxleht +0 Oa(ff\ob.'r,
Bourdary o MSg is
R X% Tn g(obal Covedinate

T_c =Z P R4 ta ok cave’
é‘hw'\&wt\ Rxs Coordinate

9

\
|
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ngweft‘r\% of AdS, .

‘(ceometrﬂ . SD(L,o() ,tra.v\sla-tior\ s (glrolf.en
Actua{l}), +hys 1S D= (A +1 Cornfornl $Y Pty Comiidlor
te realization in Poincare” (owdinate .

o Trans{atdn: xh — oMt
o Rotation . XM = A, Y
Saaling - - AP 2 =\2
o B K A ')(”-(-LMA

. SQec‘:a\ tran sfor patisa S T+3bx 47

% ﬁm , Where by, Scconst | A 1= X
Strng theory in AGSex ST
AdSs xS 1S 0 homeganeous SpaGetine which has posicion
independent Curveture R. There Owe Only Hwo dkmenssin
~less  Parereter ia Sﬂiv\a tkeo'q-, {:: 5 9s . or qlmwmdj
(1264 =027 3 QY = g, ~82
. C(&S&\'Ca\ va}l-j (inazt 4, —0 | —;R'L—,,_'—)o = SUVUGRA
o Classiol string Limit + 2o fxed, g0
S is Ompalt , so it ls (onvemient To CKfud (2
Jﬂ\%s{onw\ ‘GN‘&} ta 42 Y Bfe l\ormomc_s N 95—

e, 2, L) = Y 442 Nl

X

el M)A&}:




Gravi + Y is esteacially on D ASs , do divensionol Teduction o4
§‘ the ?mviton Domede On S° 14 Velume of S°, V.
— [af = v e
lbcus“ X &8 4G, R =,7§'_2;~j‘1r" —6s Ry

== effective £4 Nwzw Cwmstolt
= 2N
83— = Vs- T ORAR

N =4 St theovy wej,,l ferming s
Road Ceutent : An ,‘fz (i=1,--.6) , )(: (A=), ~~4)

£=-35 (4R P+ 5049 Lo, ¢1) + fermios

UW) = Suv) X0CD , As phmtsn deconpling formalac
in QFT, (L) part D\lwa‘js oLO-C‘N\?l-QS 'n U(N) , $©
We Oy need to focus DA SU(A) port .

The wmect inpor tant proprty of =% STM s s
G ~functén vanish ,which Coms from Jyn, i
dimensionless.  Thes properfy tells us NG Srm 15
N CET ' The ponformal Jrmp 8 eyactly
So(diny , it olio have SOUH) Symmetry for Fotating
<é:3’ indices, 'lhc(w&lv\a SusY, S0(d,2) = So(6) boseni
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Duali-ry Tool box

IR[UV Connection,
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TS @ Su‘oﬂ("ov.? *" D"?ff qrwp  Which s a (ocal Symerny
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Motching of the Spectrum.

T bndory B :
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1 the hulk Spacetine.

Rewmark: Tn Poverdy funct ylew & > £ +(#wO0) equals
the pavtition uwetem pous defends on ¢
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BN o dm(AFFYOwE) - W= 0

X2 (w*2) L for the +ranslatlon Surwerrles 1 xM
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h tern~s o€ O Conplete Set 0'(1 M& Mode s
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€ ac¢d , oy 2D +the leading tern, Ms more amd

more inpartant in bulk theory . co it {s velevant oprator.
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ac: ‘{\f’ibk - for 1-pt function

= ¢CE= G Sy - om0

. i’ Mo -
S,\Efb] %\\UQs Y"(A the Y)~Pt (!w\c'(‘ions.}}w\f V\/éewc);v\

uce F‘oanm &b\aﬂm\,; +o Shv\f)l\‘{ij the. Calts (ot Jov
Reall ™ fat paetime $-theary. wo treat Ag? as
ferturbative teth, and  contribute o V-Verfy , and the
{Lree -(-Lo.orﬂ wll Oon’cﬁbute o {\m.a_ be?‘\j&'éﬂrg

& >\

A )
In -(5\0& RAcletine, becawse the trandodi o 43'\”1«3
w<e a(w ajs WGe *er_ \:eavmo« Yulh in haotmentum STQCQ.
NOw we need 40 wie the Fo\,m\m Yulp (n (rovdinate



v, Y.
oL 4,

<1\(‘\) R ir\('}j;\)> = S o

Now bock to ALS ,one hacjo Ifeene V¢ that tha
Q{Jur(gs <15(\£) Ne n+ the popndar oy
%\ X Ky Xy There are tiee J,),(l‘:g.q,\t WP"’
Kk K k k. \{3 ‘memjakorc in AdS
LulK“to—Lu“C G
G\ LOW\&M]- fo-bul\cl bullie—to— Lw,‘&qy’ k

e Bu (I’:Tv*bu( k ‘propajatot

(02 m2) G@,x ;2. x) = 5(% 26" -y

which 15 the Coumterpart O'F sfm\d;,wo( 'ﬂat space Pho‘)
And G shadd alo caticfy the R.C.:
G(%/\( 2',X") ~2Z2% at 2—=9
é‘t (%/X)—ilz“) ~ ?’A ast Z' >0
G (2x,2"'.x" NYeg\A\M bt 2.2 — o
0 Eu(k"""’bouw&wj (or bulk-to— boumdary ) propagstor ;




(O-wm*) KEX:x)=0
ndd  the B.C.
K(z, % X') N’Z&"‘SS(“)Cx-x') bs 2z-0
becawse then
T (x,e =[adt KUBXXD $ i) T2 2496
will have Tight B¢ The Ceqnman vule ic we Qaliulate
the pulk covrelotign Pundion but all the Sources on
+he Goundory . And we need o distinquish K and G
L OXN) - DY = B, () -~ F B
BS F@j Ahan d?ﬁﬁmg ’ olc.k“auj We (an Ca?’mre ].V\fovmxh'oy\
\oL‘IOW\A Gem) ~ C(M(i(al sadd(e Pot t):j |\o{) d'mﬂmhc.‘
B, §1- e8]
2. = 73 SRl essl".{«l éef-%f
CET ibA&S""‘f expav\e!q;rowd Sad?les-?oin\' /I
tree—"oya| \nop—Level

Tow maybe See v other T nman dingrong
Like thig:

the Lowdory hac S +opolegy, not (&Y
2e couse one can show in EALS

Z72> oorre_qmds to o Siv\jle bouno\-
-ary Pent , {2=03U%z= 0} ~ Q"



$9 , 0ctnally . n BANS[CET , CET on +he bow\o{aﬂs
ts defned on S* not R
1\9. explmt ~form U'P k and G -QOT e ssive SML‘«' Lol d
G(%;X;?’,X‘)ZVCA’IAE 7_:&;_\3 s+, q'»)
y\,_ _ 24 31;;(\(’\(‘) , Ce= "2 (»)

(u—o\)r*h Tls-<h)
ondk You (Gn '(""\& e“fwgi\“& v‘% ke ia l\e_‘o-’ch/‘]gw 38

I\ = T(‘) Zo
Ko (2a X ) = x“’%—%)( 224 \ x>

there 4 o Y elation Letween K O.Ao( G+

éwéug(-? x2, x") =S5 K(@,x 3%

Tﬁis velation will also (',Qu';e

LDtk < Da iy =dim TT TTGnz™)

{2; t=0 v=!
XL @) Pp@n, Xa
This 'G""""IL(O- doesn't sw'?ﬁc& s 1o murch ) b{,Cau.se s
netwral +o expect:
<§(m i(xab‘&hm - o Lim CBRALXY - - Bk

2,50 2,0
all sour (‘,es on the houno\m“i all Sources ‘nm the bulk.

Lets Colculote Some prlid‘t conples.




Ac{-uall we Qo Conside %a mere general @2 theory:
= 3 (4™ I3 L2 @ay+wral) + 133, 3,

The ‘;:o,awm vules n ‘H\e_ bulk (i.e. Witten d)agmns)
Coma from the 'Pef’mfba’nvq solution of F.:

¢.(2x) = 1760@ @ + e
LAVR)

WHhich maans - integral in+the buli
[. i“ +%'(“‘ on +he &Qundqr i/

3
£ .20 _j&x Ka; )(3"»7()‘(? ) +Lj&x'o!z d-4 =

A G, ')*j‘* ok SEaD K, (R mqﬁ () .00
® ;. ¢ the bulk £odd 04d @ Vs s Lou-\&o.rﬂ foald,
Then YOu can put this perturbative expantion into
SL3] ,mnd take fractioal derivative, what you qet
ore feyrman rules of these witten J‘afsmhf

<Ol (X\) 0(7(1) O}(X‘Q>¢.=Q "bSd X&Z/rﬂ -[T kA (Z X: X)

Until now , e@verythng goes well , but in fact for kK
mides rom g Compatification  We have hqndreds




ot Feﬂnmm Tules to use and too many Witten diogroms
to add. The entive covvelation function |5 very hard to
colculate , guen for tree-level. We il onl_-j be satisfied
With this gingle +oy model.
S\w‘\\ar\\j ;Yo G alco (onetruct Teymman vules for

Qowge € \‘0(5‘9-

Sk = j& Y9 |~ E T B ﬂij‘“’( A (p~1AR) ¢

2w (o0 CSaed in bulk)

Tor  example -
(%) <Outx) Ta &) TAMYD = A,

- (22w dwe 3
=-t «L‘C\){%.q 979 {kdw.’(i)'a%; K (v, X‘)J Ka (%)

Where k}\“ Solves the bulk Moxivel] eg_uo-+“on Is —+hg
bu(k—--ko— 'awuolmj ?N?‘*ﬁ“’fv\’ ’f:& +the gouvge bo son -
K, ) = cblﬁ:‘mg,@ (w-x)

" Ta 0 = § 2 BAL = U5
Xat=x= 59 T s +he Jacohian for the inverSion
Tyaus for mation , More (‘)DM(:»I\‘CM.Q Xamples Can be
€onnd Ta ke?—-d\/%o({org. SULYD Gauge anomaly was
aralyzed In this Paper, ton,




We use the o!Q:FMMov\ P (%) -
AS b= AIB - ASR
SE\ppia Over the {~e,ckn,ca( detals, the anower (¢ -

{05 DE <) Thix)

@~y rdy T

}4
= Xy %
S (\(U L, x)!) <R T (e %) (%)
M M
2 J Xu Xy \
<Y K, K :;—m-(——a — = d
vy, ") XI‘L 2 XE}, X:}) 7\!317(;&

Under UC0 '(ran;-forp.‘a‘hon
600 = 1AD , 640 =-ind Ga8 = (2,3 A
Then wWe have Word —Takahochi €4uaton
0= $A<00"= 6, [ ¢ €°0.,x002 * o) |
2 ~ L ([LR0pT*oAt) ) DatXy) OF ()
+ < A0 D) D¥ay) + {00 IR ED)

= 5%(05(5(.) Lo TH) D = L(6) = §0)) < () < 4“‘0@(@)

Usi«s %) , We qet
-d
L0000 = 1577 Tty 7

We Can wie Conformal Symm-etry < o bfain (O@*>~—.)—(:§ , gy
Adg [k, we (alubse the Coefificient eracty.



WI'SW\ L°°P o (Minima| surface)

i QO'\ Loops : (in Poriare Patch of AdS, net EAels)
V\),QtC] S exP[Lé;c A,,\o%(“ CA=ASTS

T;\-Q Pkﬂ S“C(Al MQa.m‘Aj is ()I\O»SP "Sa.d‘«or Ssdciated

W\ﬂ'\ ’trav\spﬂ”w\J an Q&(—erl\o\l Par-hCal N A Q-ﬂe
a(ov\3 ¢ (C(A-B p,f-(:‘eot We will work i fundamental Kep,

< T>>L
E_r E-= ~V/ (L)
TY A Lx WD ~ @ = (ERmVO)
E‘T . 1“, VY Can bhe lﬂ'('&l"P"e'(‘Qd L ¥3 Pd'eh*'m.\ betwaen
. ar externoel particle and arti—particle

Now we will Show how ¢ Calculate KW Ce)> in
N=t stm wustng AdS/cFT comespondens. But el 'l'hl‘njs
in N=¢ STM oare (\\/mj ™" -l-ka adj. TP, SQ how 4o
wtrodule -Guq&uhevd-al rep. 2 And we olco need +he
gravity description of Sueh an external particle .

Fer\' the irst Quection, Q\LP?"’-P- we have pJt\ stacsig
», bwv\es j:@ W se[m.m-(e one %f them &lmﬁ one
()e\'pqv\&\w\ar direction -(l-w- discan g (T -

7, = 1L




T‘\Q_ 30%0_ er\m&rg Will break Srom SUIN+Y ~o SUWIRUG)
Cons der o 9":\‘\"\5 With vwo end Pou‘»-(s [ocate o0 the
separated Db brane and the resc A ones recpactively , This
Siring  covrespends o o fluctuotion {eld [ivigg on +those
Y branes n SUCN) fundarental repracantation . T+'s
mass 1s M= —2‘;—0‘{, £ fOT g}j"‘““”"j Lmak:‘ns,

NOw (onsder (ow energy linit o'—o, B0 but
m?ka ‘f{‘: finke | T +the veculted q Moty tde ,One
Lmds on\y one DI brane in hdsexs® Luhtch |scnted
at ond thx other N D bvons cl'\smﬁoarep\ ot
v=0, Toke Y—200 (iR to+the loow&&g) Lim vt
Tn this cace +he extornal Par'r\‘c[e in fundorents
repre eutations with Mo, ThiS particle i V=Y
SYM Can be fntepreted w bulk ac o ™ exring” hamug
-(rovv\ thQ A&S vax&Otrj +90 o(e,ep Wteyrlpr And +he

V\auaw«g povt s the lecation of the parnede .
paceicla in SUIAY fuadarental Rep.
2=0 M= oo

R geeimy in AdSE ¢ e“d\\ﬁ on the Liuno&om-'ﬁ



So ‘pra\“alle\ Aronspovt o€ Quch an partiele in SYTM
% §Qh‘g&k§vxe‘3 W fpullinj open Strig in AdS . But
SYM also has Cealar fhelds co +he Wilsen Loop
should be coorrected

wio= T ver o 14, 5 r £ )

h s & unit vecter on S This formale idicates
the cring enA~‘n3 on @ Dibrane Nith ellective (novolinate
3, % it Must be Coupled with Salar frads. In AdS
picture  the wilsen losp on the bourdary C godd
be the bwmala.rﬂ of 9‘“‘\\\3'; werldeheet - C <22
We. will expect Hhis ‘GY'QM Ads [ cF1 cmj-chre:

<V\)CC)> = Zs'k'ru\».\} [: 9‘): = C:(

Con sider  Jc—0, =0 Libit . Thew RHS 1S tractable
b y saddle ~pait  approximate
<W )Y ~ expl iSqG3=c)l
Ex (MMQ\QG 3
1. o static Po»fﬁc(e-




On the qomge  sde - W = Q—|MT

o0 the qravity side @ X Ct,v)= Ot ¥ =0

mark = T any Gond ition , +he c{Mh'Co-l gy (ution 0.€
-(‘erh\'Qn 14 a\WaAJs 2D |,

U%j m?arame*ﬁ-?a’r?ow ‘ﬁ‘ena’o'n on the world shezt

One Can ohoose the Ovordinate on Worldsheet % tn)

then 34-)(*‘ 1 X = | X =0

i = 2 . 2 .
ASy = hogds®des® X2 _ddey <Tds

> GG = = gy [l AR = ey (B [Tdy =g
Where A 3s the cutoff of v, veal/ /\/\f—%ﬁﬁﬁ'
which Rqrees A&S/CFT Cﬂﬂ?/&[hﬂoten ce. Interms 2
'-Z;:——g = M= QLA,%':-% , ATt Hefe (,“,‘)]1‘43.
Th‘S OOTW'G\DW\}C o S@(‘f aeryy in S"f‘fbb\a ODUTIfnj of CFT
on the ‘X)Mn‘?(“""ﬂ .
p 'fe,o‘fansu\ow (oop T>L
The be'ﬁ'““l of this cection we caleulate this 'n gawgt
side perturbatively . But 0¢ N2 we don't krew how

To Colcwlate . We on calealste te by Ads/cFT.




v

r X
Z
\\/ Ugl‘\j N.Pamwi%a*l‘on) choose -c-.--t)gzx'

) T>> L, translation SYm_in 1IMR  reguires
Koo =mnst, 20z 20, 2ed)=0
Bsoe = B (des (v2hae) |
D Swe< — é,Tii,%‘; e =_i&;‘r5°?.agzmz
Now we nead +to ortremi® it 4o find Z(7) worth
b-C 2(t5)=0 . E~L egquation:

d a& 3L _ . 24222+ 22"
H?Té?d" 5z =0 =
|

A

-

2% (it zﬁ?"b =
—— | _—
_ii‘a? 2 et © = 2% |,|.%:.— Const
We expect parcty SAMeﬂy 2(8)= 2Ls) = 2(0)=%0
2/()=0 = Z*= gﬁg‘\ ,1t's qlse Wery hevd to
wlve ,l)\M‘ we Can olst ain %Ca)'; invers el ~fun ¢+ o
I ~_ 27
5- -‘(‘ZQ 20 d?. I'_.z';gy
the Sdutin Por 650 (g Wy Hen &g °
i _$
i Lzaj%o N
US'\ﬁ the fact 2(3):D . we con solve Fo

\ > 1}_
L Y L—0 M5 3)
= = Zo|ll dy=——on ¥ RBo7
2 j:ﬂ, 3,\\—.\‘\0 ° L

=

|

- LETE
Zo= L 37w




For Caltulate SNq, We doa't need the EXP(icft Sdution
o-(‘ Z(5) L
Sn6 = _ZTEZL'—'TL; 21!;1 Vg = - J Jﬁz“‘
- — °.___v——-8 =
= %T‘J‘O i?— ‘—.3# KEOJ ?‘l'_sv-
This m’cesml &lmamf but we Can intvoduce (utoff:

_ _aAx ! y
Svo /1=~ 23 g
e'lng . e-:lET ~ é-‘t(\j:ZM)T the A\ U.€ Par+ icle Gad
Onki porcice are both ?i?‘,

&y X
= Vm‘igﬂzﬂﬂv =

= %(S;/io_—i\:gv —57/8 y> I)

= 25 ( k() - Bw)
K E s the C,pr]etn elh‘r’t\c— m’tesﬁ\ of +he —(~\\r$-§_ and

setond kiwd Ye TL(") =FL) - ?gl(_:
e ‘{—w;\ 1

Ac we have Seen , the calcdation o€ wilson (Qo]) 1S

trasgloted €0 @ minimal (world sheet) Surfate problem in
bulk view.




Finite T on le = Black Brane

Finlte +eh?em+v«re Weral?g-aHOn
Thermal gag in AKS
It Can be described by Bucliderq AdS metric
d¢” = —%(ol't"f A5t AX ) |, T~ T+p
Bosns ave ?eﬁ%l\‘('— in T, ferh-,‘oy\s‘ ore m\‘h‘—f’cr(vol\\t
Bv\'t this metrnic hos S\Mﬁular.‘—ey ot fzw,ano(
theve s instability Gmes from StTng y caleulation
¢ thermel gas in AdS Can mot cotrespmd +o
termal states In SYM . Rlack Hele waybe o
voionable choica. But now we work in AR mat
TALS | the ‘(‘Q[b(ogg D'F (oow\dar\j is HZ&, RA have
Heri2Zn  withe S‘l ‘(‘o?akj\g . SO We nead +to (onsoley

At = E (~f@) 3" £ ++m&% ) , T=) =\~3‘§
W th ‘\‘e.h«\)e\'z'(' ure and T
T=Tzz, H m‘}, Ay "—SJ‘L*‘A’("AX}
defive +he entropy dencty ab
S S e (53
This 14 the ﬂwwt‘qmre on  the lwwwlmg, s thie




entropy CQWQ.Sr?cmo\s to  entropy off STM 0 A= oo
As N9, the calcalotion £ entropy paral(e(s t~
Ca\\cq(k('mv\ -f‘-or 'Pre/% bq!.zmn/&r‘mmm‘- massless qas.
each bocome Juo.f mn-('nbu‘fes T’* and Sgp=3%Ss.
-(.cf ferhionic. o(.o.“f CTou ue_q,o! 1;9 Consult c-tat;c al
Phyttes  book about Rlack /godj Rodioation) In STM
there are one Ap with two pessible helicity andl
S (]5‘ Wrth Qr?;‘n—o . Trl\P:j aleo hove N"«I Col oY
A.of£. So there ave totally (N™) bosnic 0.
(A SYM . Fernyonic A- 0 1S the SamQ GS hosone

A9.5 for oueX.
o = (F4+ 7)) * TP WIS T oM T?
- M\=vo ..__3_
=0 4

Mmony  examples of GFT duals ave Enyun in d=#
which have
§&’ﬂ_ = '}-l\

Sw%k

T}\‘\s aﬂ\'&hent can be OllSO consld ered as qc,I\QCk
O’f {\&S/CFT Con jecture .

Bt g
, 5 <h €199



.« . d
Finite T on & = RH+ TAdS
Now, concider CET gn the sphere . (suchas EAD S/¢ET )
Fin+e terparature <FT on e sphere s vary differnt
A d .
£rom the Case on IR” - BY CFT oa r?, Tis the
only Sale Scaling Mvariance prevides +hys H\e""j

MoLCPQ,V\&Qn‘tS oNn ‘fQMFQf‘a‘ture ,But '(30\' CFT on S‘?
rodius v the sphere is also & Scale, which
implies  this fheory depends on RT

For fh?ﬁﬁ ON +the §?here , termo| Sfotes
shoyl4 cofrespond €0 Rlock Hole With metric -
ds- = —fdt+ ;c—('gdr’w r2d Ay,
Where .

’E‘(.‘r‘) = |+ TY{» T = , Misa onmst. related to RH mass
notice s Slution discribe RH in Ads , hot MikK
AS -0 > the {o{uﬁw\ o(e,ﬂ.onera-\-e 10 o(—elimm'ouo.]
Schwarz schild BH . The horizen is |ocated At v=v .
where fix)=0 . The temperpture 7< ghen by :
S 4R o RTR

_ P= T ~ dor d—R*

Further mere | fhermgl State: on the spheve  Can
also corrMPomoQ to theymal 4o in AdS Reause




ev o bwv\alm'j topology, e peed 4o deccrib?
bulk MS l global caovdinates,

< () et A2 e,
Tl\QV\ We can pwick oitate t o -iT to obtain
ther mal qas A" A-o(_% . T}\'ﬁ Wil ntvo duce gmsu’qf:hj
™ Poincaré patch ,fut we Can Safely require a

PQY‘V&'C"’H ,'tfv'c-i-[i in a(obal Pafch Arf-tev clomj

’H\Gt the (ocal Pro v «3e of T—Circle 1o
Arele g =Ff
Unlike in powcard Peteh, where the lowal proper
3L Df'C"O?“O(E— goes o © whey 22— 0. Here,
A /m_g as the -Eemrefa-lwe TS pot very )‘33}’* (Ve .
B ien't very small), thermal 30.5 is perfectly
oQQ»Fon\ S9 Hhermal S-{-M Can be Iuaﬂuzol
(%Y ‘l’MYMalﬂa»} (at least at [ow ’ceu,ﬁrm;—\’*
Lets tolk more abowt the BH C(nAdS) Here

% % Bmex 1o AH n A&S

0”:] when T 2 Tua , there
exist o BH colution

'
! © QI”’FTM,',\, Lt qives Yo two
st 2o > L oQ\‘-FfQ ent RH  Solwtions




As We (n see  there are three possible thermal oljects
in AdS , thermal gas, SBH and RBH. W;\enT<TM,1,.J
OnY +thermal gas survive Tt implies thormal states
on the &undarj have % phases, W shoulol fimol

the pne W ith (owest ‘f)\',‘ﬁ__..\_il"'"”'r

— = S
e aZar = Cgrav = Joze 2EEly o A
= T = -7 Se L&

50, we should fud the solution with largect Sz _This
s R concluSion from the bundary ¢le and (4 cowm alse
be 0\“0‘5920\ on grovity sidR

Bgav =R |y, QSEJSRH *e%'lrzerl
Wheve C/(Qar\j the colutihn with (araszs-(- St olom nees
Ofe  Can show that:

Se (rAds) = o-a* 4+ O N®)

Se(heH) > S(SBHD ~ (N
SV Ser will never domingte . 1a fort , there exist
a critical tempernture Te. When Tew <T<Te, S (2AA)
<O, 30 TAds dwmnates M thi m_jl'on; one the other




hand, , in T=Te Yeqion, SS(RAH) >0 , AH dominatec
Here \Zs +he Pho.se a@{aﬁmme.

[
:r‘;-- _ BaH_ There is & phase trontition ot
o TS T=Te , and it's & first order

L0
TAd s Pkaé‘e 'emnf"'f\'on, BQ_GQIA(Q -(-‘\Q Pm

energy jumps from OCV°) to OAD, which means +he
denvative of F is ast continuous, This Phase thangtion
is Called Hawking -Paje tronsioy |
”ZOH ts +the p goos te iwfurty limit of Sdﬂ‘ - We
Said inite temperatare CET on sphere is Parume1rn‘udbj
Q'[ :
Roswo T fixed ETEY n fixed , T —0

\ %
—(:iv\ﬂe fuwfemme T 1’“\31\ ‘\‘QM\BQro.mm CtT
On R4 nooe

N

o thYs +ells Wkﬂ terma| States on Ilf'“—l on'\1
(Arresponds to BH | move precisaly Rlace Byare.



Finite p = charged BH
N=b STM has $9(4) S[obal Snlmhe‘('r’\j Which means
't ha% W)ﬁr\j C}\O\f‘ﬁeS Tor anay«\‘)lz we Can CAooSQ
one of the () 5\'(53(0\&[) and ture A Chowm ical
9o+e1\'t‘\a\ ‘POV +hat UIL1) . 'T}\e 3‘0.\4 Canonica| quh“h'bw
Lometion s o!g-e:\at:\ Tms( e (‘i‘a)
Where & s +the ConServed c}\qfaa fLor U ), In
—Gw,(o\ -(—keorj on the bwvxaarj this correslpom{; t0
deforuing the ac;tl\m ’aj
= [dhepnJe

On gravity Sde , We should tum on the non-normals
—<able medes for the SWATQ freld Ap dwal +o J‘ wh th
the bom&ow} Condition below

v AcRx) =, ;,_,OA *ix)=0
The bulk 3@0»»9*'@ With fnite chemical potential
Coxn +her\ be -(lowno{ bj Ce(v.wg Eiv\s’fem-—/\'\otXwell ey-
With the boundary (endition above . /\/a'twallg, Yyou will
Qupeck Tke_iqluﬁ_sn_T_L(iaLsg& RH in AdS ,e-3. d=4
ds* = --SOHL-% Tgf*"(zolﬂ?;_

= |-WOM ep
= -5 ,&Jé;




Holographic Entonglemet Entropy
Entingle ment entropy
Consider A gystem (onsisted of two Sub Sy s A
ond B with Hilbert space.

H=HadHe .

T State (). AB ape en'('a»\Jle e 0D onnek
be written @s a Simple product. Bntenglement entropy
POVILS O medsure £o UARKTY enbangloment between
Aand B. The defination is-:

Sa = "TrA FA»@MPA . fa = ’[},§11[><]L”I
Sh=0 WL ) describes a pure State i.o \E> o
Le_ wY itten 0¢ Q S‘,»\Q\e. ?\‘“‘M’(, there (¢ No evr\'awjle—
~ment between A ond P

|_Fo‘f Any puie State \YD  Sp = Sg .

Suﬂ)ooe_ A.B.C are -+three Parts of the Cy Stey W ithewt

Any  (wtercection between Guy two of thew, we hav.

Subadditivity >

[SCA)—s | £SCAVR) € SCA)+S UB)

g‘*“’"‘ﬁ subadditivivy:

S(AUCY t$ (RLL) ZS(AVRUC) 4SCC)
SCAUC) +S(RVY) > SCH) + SW)




Mam\i deﬂ Am -Fie/(& F\A,Q'f&W\S can a.,(&o be -farhq“s-ecl

laa Hawmil4onjon , '('he‘j alio have quomtuy, - SO We Can <alk
about Entongle pent QAtTOPY i these tystems to0

/QZ@: V Whpe =D 1 VU De

We are interesed in qround  states 'D‘F AUR .

1f there s no reteraction petween Aand B, j.e the
totall Hamiltonion ¢ Hapg= HatHg . Then the
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