The Abdus Salam e

Educational, Scientific and -

Cultural Organization *
International Centre for Theoretical Physics ( Q@\% '
g\

. 1AEA

nal Atomic Energy Agency

2024-6

Spring School on Superstring Theory and Related Topics

23 -31 March 2009

Holographic Superconductors and Superfluids

Lecture 2

C.P. Herzog

Princeton University
U.S.A.

Strada Costiera | |, 34014 Trieste, Italy - Tel. +39 040 2240 | | I; Fax +39 040 224 163 - sci_info@ictp.it, www.ictp.it



i C:I T{’TEOGX —T‘E-C.{'In\ b’»&b

£w Tobiacking Sysben
(Tfh“l\stba + C'De,“‘:'“g [ ﬁﬂ*ﬂ;)
lhe AdS/CFT cesults

iY\ wl’)]ct\ w @ con whsa

5€4’ o~p o~ ‘ﬁra\mﬁwo(‘\‘

40 “Hne f_)t‘eﬁe_ﬂd’; fa] weo\k ex‘(*eino\(

. cons(éer ’Hr\e. response o“f o~ 5754em
RN

’Yie_(cis GZ?S,{K\E C'OLLPIQJ '!é P .se:L a‘g dfi‘&fa:&afs

SH = - § 2% gs;(;é,ﬂé"‘(k,ﬂ
<s'lf¢_w‘(>‘mj “C‘OM 54“{"'“‘6;4"”3&! ‘s czn'x “o s(now
j 475 G':: (7\,?(') ¢’j(7‘~') + O(#"'B

P .
s waorf hwhile exercise

%/\é'(x\> =

SRTONR p A <18, T 7

Foud’"e’" *(mns'gt'.(mei \Jef&;b'{\

g & (k) =

* 'Hr\v\k o.,‘oo\,.'{' Oln,m's LAW ;@ ‘H&is um‘géza (—C” o\bpm_lr;&“:/' d( .)
L-0) [Om-—»mw\ s Al
. = T(m) é’."i(wla‘)‘As(UJ\

\ﬂomaaemaus cu(ran‘%)

Ve . .
- 3_‘( w) = O'!J(WXES(W>

,A,Q:O'/ Ex:'é;eA*
—wh

"Lum/ A;(_ ~oe

’EOV\ri&r' :ier,ompobv

. C,*/'\OO&Q o~ 3a~u»36.

’ W\o\\(e O

£, = fu)A,Q
3 oN(w) = G;5<w£)\ o celouted o (357

(W



A O[«'\m's LAW

T 3"“" L”Ee’:" canc{u&c.{"tv;'ty

!'mPosta.i %Geus

no Jynam»zs - ne lo‘r\o“gn/ no 3ro~v§

emp"sms'nze'. wea\(i ex'!'erna{i/v

ton

‘,%.Aw ~cjo e 3&4‘ k’\io\'l‘ cogimcl?v;%}/?

PesPon.sg o'c o~ 5\/5-{»@ ““o o~ “H\e-f“ma‘ jra«l‘say\'{‘ -B,T
{ T"o?'
T oin Euc,l('c!@_an éiﬁno» wre O £ T < :'F:' y ’ 300 = - _?:.—1—2—5;
Tl 2. T
, = 2 — —t o~ oL !
B1 300 ) Tz T o~ -

in ‘C‘-r\ijf’e.sim&_( c.oorc!‘ewo‘.‘;‘e.. +r0~f\é“€&rma,;§*}an

N T T

. c_anéic(er on
é.‘{‘, B"(ﬁoo"' %%OQ\:O
T

%6M\f
= EY }.:": Tw T

be‘(’ E;:O = ‘5,‘300“* 23‘,)0 EG

%C‘S = B', g'a B w1

G—Ro"’o 2T
W e T

’ @D; - ‘v'{‘
li&n“‘“i'c./ K’J - "‘}@;’“—F w/ o~ ‘ﬂem‘l’ c.onAmc“ﬂ Y
C.Lam(aa.l Fo“"ml H — H */J'_N

[ 4% AL 70

'mé

4L like o <hemical pot



s more i\enarm(\y

=\ s =T E
3 ) Sy v S ED

voos oV v Y Hf\&, l’\cza.“ ¢u~rre_n'{'
Q T /,\—5 s

oy ‘}'L\&rmoe{ec'{“ri; Loe‘c'f-iaian\{'

'.{’;me, revafsa\ \

& aea }

Onso\ser Fe_ia»"‘%lnwb.‘ < = 0t <5yme‘L{‘y omc]er

. ‘H’\era ore F&t&\é'ﬁi Zu\a'\‘{‘;‘l’?es ‘H}o\% con Le c{&f‘evﬂii “grom &, 2, 2

= v/ when 61 =0
' Nefﬂs‘f‘ eg‘pe.c,‘if E a fesponss %a vT g

g--8&"2
. CAV\OﬂILc»‘ L\EOJQ‘ COF\JLA.(‘;@I"/!T"}/ Q rn F@.&PD”SQ» te
> 2 B-T 27°&

Ona e,'k- a.\, (ﬂc»ve. meo‘s.}rs_:( an Aﬂamo»{()u«.siy iara& Nﬁ“"f'% ej&ge;ﬁ "

‘H\L ‘mjl«\ TL prto;{‘e_ 5mloeh¢onc{¢r.“‘or5

.w& 6 Sov\cj; jmer canc ation
. exPec‘{‘ QX)’ to be very 5m°’“ due 1 e elld

hot

L. - T8

" varTice e.x*n_s'(* & &
|‘(: ‘HA¢ Pf‘;ﬂc;p[& Q{Qafde5 o'ﬂ ‘gre_aclwn ara 4 5, N "C‘gﬁ‘é

‘)& mm&"l. {&Pse,r

o n



L‘°+ ) co[c!

A
. Vor"&x cote s ‘fw~VGL &n-{-mﬁy \,_,Ln‘c,iv CanSE ‘“«em "l“b move In f‘ﬁsporasi

‘\La o 'Hl&fmo.‘ j«‘»«i?ex\‘%

movlnﬂ F.x.s"’ 'H\& l?‘ne){ C punbes o~ wame 55&5, c‘€ 2=

“ \/o(‘"‘ax

inJucas ~ VoH‘mﬁe_ Bﬂ‘fé + Aﬁ\

- Plnxst; sl'llop“i\"'

£ we are ivijre,re.s‘{‘aqi w &, d, le w e ,51,)aw[¢1 cmicmsm‘£'€ <3—_S_>/

T3y, KTT? |
w{“ p!‘ov}c{e o mef”:oqf +o ds so

1o .. dhe Form o Hhese
-\C?e;u ‘Hleof), coﬂ.sf'cfaracihmg

. AdS/CcFT

H
“er_re ore Some aoﬁs'h‘o»:n

(d-"l‘ofs "'{—LA:L “¢o(!r>w' "{-;v“c}m
- \/\/arci QJen“Ll’hes

corfe

C’~(On &

2+ 73 cJ?m.s/ 'lﬂ‘(‘roiuu_ins o, = Ty * fa-xx

i‘gg*_f-w = (l%;/uw}o—i-{)

'-;:Ki T w - (% _‘;’/m)c&.ﬁ_g—w “67“"" mE&

{3 QL\O\Y‘SQ Jins."'i;*y

S Qn"r’rof;/ m!é‘nsf"‘y

, 5
=) knawlnﬁ a- meons we Lﬂt)w A, K, QJ a~nc! K e.



Ward identitics |
! F ! or nelidean 'Lim& s rdere.
s ostact W/ qen Mt.nj oot d Euclid dered

<o rre(aCLors

Wilq, Al 3 -5 Lﬂ,ﬂ,A}
= Z[ﬁ,A] - 5 DSZS e

e
9 me:tr{r,/ S [ wn ve clor ‘C|&ic1 are ex‘(%am;@f dmi ”“ﬂ‘4ynom?<m{

S W

, oW
- e[e‘ﬁ'me_ <TM<>A> = BAF(;\ ) <TM‘P> = 2 gﬁﬁ\,(xﬁ P &"‘C.

ro;”xep ‘Hsa_n 4.‘&4;;

cjenbi-Lies

\A/[:ﬂ,A] .;v\vo\r]axn“‘l‘ u;ncfe_n
J;‘C‘CEo

A SS5ume

x* - x~ v &7

A# — A 3,;@

3 exu«iQ

= >

N Cj@r Cf;“{'\'{:@.o .
( RS- (S)/W T ode EAM“ 3v>§ i T Qaes T
Av g\:f’“ ! A’“"' 3

s (4 A), )

+ %Am

o

S me
sA, = (L AL

§ d4x <§>3N(x3 (\L 3)/“’
(s, 4Ty v T LT

5\ﬂor+ exercise =
- £, <a‘”(x\> = 0
In 'p[a:!' Spoce — B/N<T_‘w-(x‘)> = FV/AV.«TA‘(;‘) >

5 3 {TTEYY =0

(nVariance

Sim:larly 3,&&3&



Cthe 2 ph Ward idendilies are whet werre ofder
0 - -k G+ FETE e KT -k, (ST
0 =k, (GIFr Y vy KTy BTHR) < (TR
s, P CCT) 4 i KT - /iw G’::P,M(k‘)

° ‘lﬂ 3@4‘ these ;J.sj we U~.$@.J +the "{‘\a\«;“* Ahad gR(kB s the
o\na‘y‘(‘?c con‘L;‘ﬂch‘t?on é“‘f {5‘5 (ﬁi)

b, Jbdain the reloations L@‘Lweem o x,ami K

set kﬁz(wla) /j—w: (22§> SM:(P,aA}
080



