Title: PHY S 733 - Quantum Many-Body Physics (W2016) - Roger Melko - Lecture 15
Date: Mar 01, 2016 10:00 AM

URL: http://pirsa.org/16030026
Abstract:

Pirsa: 16030026 Page 1/49



Dbl A
S § AL = 87] <5 ¢

— N\ N — — \Wl

P
\ S) S
O o

Pirsa: 16030026 Page 2/49




Pirsa: 16030026 Page 3/49




Pirsa: 16030026 Page 4/49




DL“T uo ‘FL) WQMJ,( i'\‘({f w“{ \\J'E.,("? ll'gi,«)*gw"b

/
I + > LL_? ] , ‘-”bh'}\
- lJJr"r

—_——
ST ——

Pirsa: 16030026 Page 5/49




Pi

: 16030026

| (pLry JD-U,-.I,I S
/\(b)(f‘.) (bu}> =

51 (¢J> ‘

™

5 4 {bawbim C5) )
=0
()

———

j_t“f v ‘ﬂ) (’_AY&QUL::.J;( i'\\({f W J‘_& '\\Jlt("’) ll'gb)*gw"b

/
. AV > :_ U ,1‘ » "‘b,,,J\
o fJfY

T

‘\iﬂtg_\uf‘&‘e”n:&

Page 6/49




irsa: 16030026 Page 7/49




)2 o ZZ,’L{ SP( Gl ¢ ey qﬁg(m)a
G ko) -

~ropl

irsa: 16030026 Page 8/49




| D (ry qbt/(f‘>>
oy /- .- Q(’)(p‘)(b(q‘)(}(r‘) 4) (r )> £ ouo
‘ Ly 4w o é [ 4 it

94)‘!- r n! r\}%;)\
LNEIYs =+ Al ¢




Pi Page 10/49




. =) ﬂﬂ“f’l“vz&’b *—.88

a

/U ﬂ 8%#7&”“"@-&@@

Pi Page 11/49




9‘(

+t—-—~.@
1—~88 +72 — 000
N =

+1'33«~Q_Q,
_Qg +5L63¢__8\ﬁ
+ 7







1

[

|

i a

o

i &

i 5
i

N |

|

|

|

| ;

}

|

|

1

1“

Pi Page 14/49




irsa: 16030026 Page 15/49




Qg,mm Q)(Pan l\\g ‘l’Rq Aﬂﬂm\\a{\W‘.

Qﬂ ﬁ% m gmla)\s Lamwﬂ.

A Jac (puem gmfozq C@q‘(ml\\s

Pi Page 16/49




QU

LI
LA VAL
-

g -

By Lo

J_ﬂ % 1 Ua(uumh (b!ﬂ _/_,,Er- -
-
A' Jac (puvn g'('&f[’\ Con'('u'.\rxs AN M-lcmc."'mf'l V@"'L'A/ W 0{0{5

Mot Connzet dy any. "odund " (o9 ff»(f‘md/“‘z*) e tex’

] re—

irsa: 16030026 Page 17/49




LA WY, - _J " '_“_
i [}

A Yac AU ga‘o{q Ccm-‘a.\‘ Gn K Aon Uﬂ"t'A/ W OL:(:S

Dﬁ Cone At ’Hmf% "rdendd " ( ?'9-4*‘“%4/""5) Wk{ }

A r———

(/iklul C(M@,kf‘: N -‘—KE’. m-kn) %' % % P/'Ih)f’mT\k& QKpansm\-\
(5@ ony. Low\&@z'tf‘m 'Q/mc'{'m\ /aﬂ 7 € Liann gﬂ”z&‘hﬁv
tand tp T 0L G N U

irsa: 16030026 Page 18/49




A ny - .
B I
\ L)

u

A \JeAC (4w 6('5‘0L| Corr(a?\; . ¢ c,"‘ﬂ'yl U'e.“‘lf/\/ W CLJ{S

o A MG (e b, i) vk

i re—

Linked cluskns i HRe o 55 of o e cpunen
(:G oY, wwffw'tmr\ Lunc‘{‘i‘ﬁh /a/% wmwﬁ VF‘L\s
cymufuto% oy sedym N U '

e, Ha oo b o codidbon fncton |
e <Cb((‘0 : Cb(_{\,\;“;l NS orda~ B Hhe Sum U(l A= —)(L(Mr_(f\f\;/

/&




A wr - __‘/““_
E \ ¢

A Jac uumn ga‘oL. Cfm—('a.\ " ¢ c‘#ﬂm U€J"L'A/ ""Qa)ﬂ OL:\’:S

_Dil‘_ ch\u)“ "I"[) any. T‘@Y“’ff&qﬂ y (?.g. (tJ(h), d/((‘ﬂ) v-e/\(-()(

] r——

L/;KLJ’J C[UL%‘{C": |\¢\ JFKQ ﬂt{ﬂ) % C{) ‘TV\JQ (PVF}UI'LM(T\\:-?_ -QK(}ansnp—\
5@ o0y, uxwd@«'tf‘m ch‘(‘”h /M 2 € gf'”k’t@

tonidd Uf?% oy ol 0N U

'.= ’”\M -“Rﬂ (477\{‘(\'\9[1 2l 'lV _\'Rﬂ. L‘)N’Q“J‘m\ QMC}M
S { - QISHER N s o Sum oy L ggophs Ll

\/ (L ffﬂf('\s

1o PR lm U/QLM\QJ&LQ LJDJVP\ /U ffw\‘




Pirsa: 16030026 Page 21/49




Pirsa: 16030026 Page 22/49




irsa: 16030026 Page 23/49




Pirsa: 16030026 Page 24/49




AL \JO)X@

(“ z]
>< -4 5; m@@ 06l 06

W

Pirsa: 16030026 Page 25/49




—

Pirsa: 16030026 Page 26/49




——

J/H&(ﬁf’&-M% 1 yw"wl’wm“’\ 9/“@

| \] (Back o our ﬁmv,oamjr c—r—> L pir) 4)Cf1)>::

e manw/\%,\m 5(3“@5 '@r Somy sz‘tmllbyl

i f,..m()l.ﬁg\ WQ Ubgmgqjmsv\ (e.g wtgnmo G)

D

irsa: 16030026 Page 27/49




.

_'L/]m(ﬁf“aM% n VVL&VW@M Sfa e

(Buck fo ow ﬁmqoamjr CJ—) <qf>£r,) 4/(f‘1)>:_—

i mamo.ﬁum W - ‘Qr S0my

rpctith
= Slmpiiﬁgﬁ lP‘Q C&QMQQ'HY\ (F;; ig“m\) 6>

D

< Cpocr,-g):@(c)ffxq)}o A0 by s

irsa: 16030026 Page 28/49




L/ Y ( - \ C -
1 1 " ‘) ". \ \ “’DT.} L - Ja .'__’,'l' '
s ! ¥ e
i

7

» oLalE Si Aé'rSCA)L*“g@(P)4’6P i

By
sy, Sére "'Wh (9""456(’*?)

J

Pirsa: 16030026 Page 29/49




(2) Sc 5

i |\‘\

)
) lp
a—#r\

. cﬁ(‘o)»cfch)

— S(; I

Ol Ecﬂ

b




Pirsa: 16030026 Page 31/49




irsa: 16030026 Page 32/49




i Gl S b bCopamam 5 2

(/DY\W’{W\ c@ MOMA‘LW\ Corme s 'Q‘\]\»./\ S(ﬁﬁ)__}):\ ﬁ:-p)\
Sir \w‘g, WL& Qﬁq ﬁ’“"‘ Dé ‘(& ﬁC‘llmr\ Can be wr.H(f\ 1N\

MOy f\'xl/\ W\ 5@“ @, : d
7 ot | gl d “IL: 5\ (4., 0( -
TR o

4t




t____‘___{\_‘_,

!
ay L |
Bcl‘lne&(i' =7 7; &7, ) }\

X

L:_ “{ﬁu mmmmLm w” [ag CIMWCI V(—{— "m‘{rﬁm&h (ih‘k’r»LJf-’l’*J \r (j":(‘ltf'ﬂ,-f\_ -
-—)5 8 Gte=~) 6, (- 6, ()

{ A\ \
‘-/ N—
1

L{l’

Pirsa: 16030026 Page 34/49




q

[ rom Hi mmum‘lbm u)\“ LMZM[ a‘(‘ \“%‘i ('h‘lh Jf“"\) W{MQ)

'Q"p, | Nl )5 ((rpy(rr\C(}\)
2 G\ Gl







ik/
(

TG,

i I~
)

“')

(nvo

%
‘ X-QFCS_Q

| .l> [CD
t)

)




- 0@ LC):«C?)(F{_G{> Oxercisg.
, HES i
= () g(”ﬂ*@[gowrﬂ

; 79 _H{\" ‘\:T 5‘{ G‘—Q& I mme\JUM ﬁoam I3 %t.\f{’/\ ’7%
‘ QY lv
() 3(49) ié{- 6@ \a56, (@%




Pirsa: 16030026 Page 39/49




1"3-
‘ J K,
SRRy -

%\U.(Q (E/_ m'ﬁmg mmm-tum—sroacg_ J‘“ﬁ‘m«s
; O a;s.gf momﬂn‘l‘a Jﬂ? a ﬂ’ﬂf"{'tuu.gew clifﬁc'iﬂi“'\ WQ’ MCL (/Me

&\) E/\Rme {M ﬂ’an‘Lm \\r\-Lp ‘\f\‘lﬁmi U&“'tus = ()

irsa: 16030026 Page 40/49




b bl 4 MayALA T AY

\r"-T §(7 51

f-r, L Y
oSN PLTIY mamn-(um- ad ala'a M

ﬁw% 3f :Lnoimjm b 4 ﬁfm'fmﬁjmc[.ic-hm Q’ eath @iv\@
En(nm okl m*wmlum e \\Jrﬁ*i wtebes = O

J) i \ﬁ’jf&f e P ‘“M”“ MM\A"V

Pirsa: 16030026 Page 41/49




Pirsa: 16030026

) assign moe fp

oL E/\pmq MMW» " \

|

3) Jr&gmi( s ﬂﬁ “\”“Jl'mm&

.

Page 42/49




f T /

| ;‘51'5('\ mor ("'ﬁ Wa Tt é.\/" A

) Edfine me L ids \\M Jvuxs 0
)) Jnkgmit o Ji( “&”"”Q mi)mﬂ“q

2 VU D e

.Lk ot (otabitron Say M

Pirsa: 16030026 Page 43/49




UL L SV LA JU o

. [poinit wordketion Juaciion
/
G)itk onl C@’\*((‘Ou{\m / Smﬂw p\’

9z

Pirsa: 16030026 Page 44/49




<1 6,606,096, 6,(a) S (949949,
i il
' 8_6_%" Goq)é\’) g{, CﬁLf%F@)

T
4

irsa: 16030026 Page 45/49




S RIS S,

“-'—gj GOCO)S\J/‘W&“/) J

DH 24 ”E‘{'Ew;aj‘ (anopy_ : /'M&PE{—IE 1

1P in B oBe

Pirsa: 16030026 o




irsa: 16030026

—_
-

[ T R
IR

==
Hilbod- 70 2 b

Pthen B TG ripetlh |
Fim i~ B o8¢

Page 47/49




irsa: 16030026 Page 48/49




FiM i~ (D e Bl e 2V




