Page 1

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?

X81J0A 9 /2y Joja.d :wa|qoid

AT ER R r,

1.«. u-.

STa>=
%\,.J\LSouw«o any

_ AL

(8861) Z¥1G'8E g¥d ‘NI pue Jeljoy
Cwm_\v ‘Wwwod ajels pljos .cow._mbc< pue no/ .cm.zwv_wmm

deb uids pue 0g-p pajoipald Alosy) pialy uesy
:898S9292NS Ajle]
"uolledna20 ||gnop Ou JO JUIel}SUod

92.10Jud 0] ,g”J="0 SUOSOQ PUB SUOIWL.IB} BINPOJIUI :|opOW [-]

101B|NSul 110\ &
Buidop jo wajqoad aya sI AlARONpuodsadns 2] YybiH

R

i "2011e| quiooAauoy ul pinbij uids jepou pue
‘@o1)1e| Jeinbuely ul adeuns 1wlay uoulds g|qissod
_ :A1oay) abneb (L)N e se |spow pieqqnH
1997 YIS-BUNS YlM HJOM JudIDY

&) st pinbij uids yoiym os §|
L cAlleuawiiadxs usas usaq pinbij uids seH ‘¢

i

|

m ‘pinbij uids _jepou, Aq pajjosjuod si aseyd debopnasd ¢
n ‘pinbij 1lwiay pue deb-opnasd 0} JOAO-SS0ID
m, :9]e)s pajeledas abieyd uids se |ejaw abuensg |

S —

wﬁx«& T~
\\wcs;\w




Page 2

(997-]Iyuss) JuswauUIJU0I-ap
Jo aunjeubis 9|qIssod

(997-usm) "pinbij uids  [epoN,, "€
‘paJajaid x9110A 8 /2y
"A]3S02 X8MOA 97 /oY

Cr 1y,
A.%q _ JJV . wQ
{
- 1
(B21) h%,,.is:% and
J8ysi4-|iyiuss ‘Auosyy abneb g7 2

"deb ||nJ sey DS pue Jied S9|0H
<= dNYASYoeS  ‘uawiq "L

—

11 11

—

:pinbi| uids oy suonsabbns Jualalyiq

"JB3[oun HS 03 UOI1DBUU0Y)
'soduils Jo BuuapJio
obJeyo se yons soa1el1s
91elpawiaiul s|gissod Auep
:yoeoudde 10a.1Q

ALy

ISP pmbyy

/ uids

3

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?

"1 Mo| 0} sjsiIstad | Jeaul| spul DD
"'spjal abneb 10} uonewixoidde onels-isenb : 897 "4 pue 887 "Q ‘Wi "g

1~%0 38« 1o} ‘JenemoH (wajqoud ynowip) : ebneb + uosog
‘pinbij uids pue JHDAH 40} [NJBSN "¢y l~0 ¢ ¢z1="D : obneb + uolwia4
(zbX +bjm 1)/1 :10)ebBedoid abneb asioasuel ]

" | MOJ Je (Juswauluod) UolBUIqUIODBI

0} 9|geisun i1nqg ‘| ybiy e (Aloay) ebneb pauyuodsp) uoneledas
abieyo-uidg "spjel abneb ()N 01 pajdnod SUOSOg pue SuolIa

€0 Td e 1o Aysuiwey

Buidop sjoy
0€0 0¢0 oLo 000

(0661~) lejow abuens

T T T
lojonpuooladns

() aunyesadwa ]

AgNnag - S$soT— )

"wia|qo.d XoHOA
9/3y 3y} sax|y
uonenwioy (Z)NS




Page 3

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?

"‘pinbij uids pauluos-ap Jo ajdwexa ue aq

Aew |epow BiaquasiaH =N Jeu) s}sebbns peessy Aq JOM Juad9y

.
\

.

Nl IV

ISP pmbr

4/ udg

"SUOIWJB) 98J) UBSW JOU SB0P JUSWSUIIU0ISP Jey] 810N

( 1ewW-puod ‘|e 18 ajewisH ‘|N)
"N ybnous abie| 1o} a|qissod s| aseyd pauluod-ag

SuoIW.lIay orJIg 19uodwod N Yim gD Ul ‘1oAeMOoH

*JapJo 4\ 0} 8)N0J INo SI 81e)S XN|4
"9SBDd N0 Ul JopJo [98N

0] saje|suel; yoiym Bunyealq AnswwAs |eliyo,
0] Spe9g| JUsWaULUO0D DD Ul wajqoid Jeljiwe

sp|al} abneb 10edwod + uolwls) dellq =
uonenjony abneb + aseyd xn|4

:Buniy-yey

‘pinbij uids paulyuoo-ap jo ajdwexs ue aq

Aew japow BiaquasiaH =N 1By} sisebbns peessy AQ YIom Juadoy

"SUOILLIB) 881} UBSW 10U SB0P JUSWaUIJU0IaP JeY] 810N

( 1ew-puod ‘|e 1o ajpwiaH ‘)

"N ybnoua abue| 1o} a|qissod sI aseyd pauiuod-aQg
suolwa) oeliq 1puodwod N YIM £g30 Ul ‘J9AOMOH
‘pIal 8bneb ()N yym pajdnod suoiwiay

oeli[ JO [9pow ABJaua mo| 8AI08Y8 0} spe9) SIyL
“(1)N 03 umop (Z)NS syeaiq Aloady) pipjey ueaw

ui aseyd pinbi| xnj} patabbe)s ‘jepow (Z)NS U|

-A1oay) abneb (g)z Apson

(""" IYIUSS-YDIUNJION‘ UBAN ‘ASEI|) S|opowWw a|gnjos Ajjoexa |elonss

:suoneloxs Ablaus moj

se abiawa suoulds pue spjaly abneb ‘sjppow uids yum ueis

'saladoud juabiawa se suolwid) pue pjaly abneqg)




Page 4

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?

[[IM 129}J9 SIY3 ‘X91I0A WI0) 03 dwil Yum pasedwod Buoj sI 9jeds awinl

se
Buoj sy "xnj} abneb ~ ~ 10 + usamiaq SuUOIIeN1IN|} SSNED ||IM SUOLUB]SU|

‘AiedligJe si ubis s3| "buu Jauul ul seadde 03
Buipuim xn|J |e2ISAyd ~ 104 9|qeloAey) Ajjeonabiaus aq Aew j

1 291 Mo|3q |00)

(umouq) "uoibali 91e31s
|lewJou deb-opnasd ul paddedy sI xnj} abneb —
1ng sadeoass pjaily onaubew ‘Yyidsp uoneslsuad

yum pasedwod uiyl st Buu §| : 1 mojeq |00)

"‘Buul Jsuul Jo ¢°| < Buu yano jo 1

XN} ebneb paaiasuo)
108)8p uay} pue adnpoud 1sJij 0} Bapl SIY} 8sN

xnj} abneb jo wnjuenb xn|} ~— sdel) XxalOA 8Z/2y

0/ Yew-puod ‘887 pue |IYjusS ¢} 109)8p 0} MOH
"SuUOjUBISUI JO douasqe al ‘xn|) abneb Jo
UOIJBAIBSUOD S| JUsWaUILU0I-ap JO ainjeubis




Page 5

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?

8G°0

- 09°0
P o ﬁ. | 89'0
2% 8°0

- :
L\ 4. W% 89°0
R - "

69
99
8’9
89
(A

oS
oS
oS
oS
oS

Jojejnsuil 3o

g
O°H “(ND)BVY
E(NDINI(ND)ND

¢(SON)nD
1g[*(NO)NInD

LA

N

aje}s punoug

-X

loje[nsul

XA(1LA)-

NOJA UI 991338 Je[nsueLr) uo surdg

'lepow abueyoxa Buu snid -1 ul uoouny aanem pajdalosd (Yoiunajop

pinbi| uids 1o} 82UapIAS |BJlIBWINU (epew|

Jusuodwoo [Jesul sey '/l ‘(0=1)X oJezuou :uonisued)
HO\ jo apis Bunejnsul ayy uo pinbij uids “THd ‘epoue




Page 6

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?

uoljexejal snoauabowoyuj

) L .
: } '
0L ol ) 0 100 R LR L4 L
T——r T aaan T FOOO T T 100
L i 3 G} ]
[ Aeoep me| Jamod ] * BT N
- : H I3 uubu 1,02
. / 3 " yweee § . muuumul_‘cm
- . 31000 HUSYZ 3 T Y
| ID[4(NDINIeND zl~ | w9y w
| M% 1 TR PR | PR L il L r.—.
P10 AV ] g, a Lo %100
m ¢ 1= 31002 C
o \nm_. 29 ’ 3 g =
o o 1 {Hr 9 E E !
I ZHN v6 ] I 2953, 1re s
g & oﬁug% 1 SBEL 1 wwwmm 3
: | i . i
AW.\ mAZOvNBU L0 _v_m_hw_n a P T ,@w.ﬁ_.
N o51 ] Aeoap jenuauodxa ajbuig
] ML0<l
IR A Livagss s lussss o [ TTE RS m F

v/11 (S661) G2 THd

'629L(E661)1LL Tdd “1euIs|T "N
‘/leped)

([

y 0SZ = [ |opow BiaquasioH™

aome| Jeinbuel |

"0149) Yeam Bunjueo

GL0=Yd
1I2[E(ND)ININD- |




Page 7

Jo1onpuodiadng

b1 1waad)
|elolN

(pinbiq widsg)

J03e|nsu| uonisued) pinbi| iwie4 — pinbij uldg -
onsubeweled ainssald onejsoipAy Japun

‘sainjeladwa)
MO| 1B Juswow snoauabowoyul [jews pasnpul p|aly onaubeyp -

‘(pinbip widg) Yw zg 01 umop Japlo ondubew abuel-buo| op -

‘(M 062 ~ ) |opow BiequasioH 4y @ome| Jeinbuel | ~ Ajjigndeosng -

ainssaud jusiquy

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cupr ates?

(1eqy) aunssaid
8 FA 9 g 14 € [4

pinbi| lwia4 O/ jesuo

oD L

Jsuoo = 4 by it ;

00}
00e

0 =_LP/dP

%(N2)°n2%(13)
-3 Jo weabelp aseyd




Page 8

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?

o )
“ s @, o Ed 4 3
. 33 Wy~ { P B e o T
: £, .0 AR ¥ A ¥ © - - i
e W5 e § o Fh ey o < g i
L & ﬁw,'.
¢ o 3 Y o 1
e g g A, e A T i
A v L f.,m - - u,u hd WY ﬂom i %u ..... {
m w . e - \W.ma » B i . i e ¥ . h .
i L YW A PRV ¥ o f L%
" g L

‘plal abneb ()N 1oedwoos
0} pajdnoo suoiwis) pue Jojou si uelbueibe] ABisus moT
"sab1oac5) pue sualo|{ Jo Aioay) pjal ueaw ay} s juiod s|ppes

"wue) buiddoy ay) ajdnooap pue wsijew.o} [esbajul yyed 0} ob app

b:

gre? - LN - tﬁéu H

b:

tor? S M (=l ﬁgﬁﬁﬂw =
_a9f =

-

L K=

Jurensuo)

‘obieyo = 7 wnuawow Jejnbue :10jol wnjueny
"UOIIB|NWLIOY 10J0J BABIS ‘40 gYd ‘S8bJ0ac) pue sualo|4

(997 YIS-6UNS yum)
‘Aloay} abneb ()N 10edwoo e se [ppow pleqgnH




Page 9

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?

JAVAVAV,
VAN
NN

20BLNS IWie4 uouldg
4V Yylm Jojejnsu (E

n
0L 6 8 L 9 S ¢+ €T 10

0
/ 120

¥0

190

80

"z ><>< N

(Build yleH ‘eome Jeinbuen | )
slajaweled JopliO p|aid-ues|y

el ~ 1/%  AIAINONPUOD |ewiay |
ezl ~"O

:101paid am ‘paulyuodap SI i Jj
‘plaly 8bneb ()N + uoiwisy

0} seonpaJ Aloay] "Joje|nsul ul paddeb si Jojos :Aiosy) abneg)

‘a|ge)s S| S4 uoulds :Aloay) pjal uesiy

‘Buiysau ou ‘S 4 Jenouio AjJeau :ao1e| Jeinbuel) paj|i

"80111e| Jejnbuel] uo [ppow pieqqny :uonesiddy




Page 10

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?

(Jowiq)
uouidg pedden
ylim Jole|nsuj [e1aN

N
3 $T g ¢l I 50 0

/ 10
4 €0

VA

(54

x_x

% <1
_

- 7

0=}

(Buiip4 yleH ‘eoe] quooAsuoH)
sia)aweled JapiO p|ali4-ues|)

JJawip 1suiebe a|qels aq a1els siy) uen

‘pIdY abneb ()N 01 pajdnod sapou deliq Z Jo ajdwex]

‘paJinbal Jou AA\QS SOPOU JeJIg WJ0) Suolwid) :Aloay] pial Uesy

4V Se awes r/L- ¢/l quwodAauoy
rol/c- v/l alenbg
rg/c- Z/) wip |

puoq/ABJaus Jawip  puog/ Jawip

[/1- =puoq 4V Jad ABisus o\
r/e- =Jswip Jod ABisue Jewiq

-JOWIP SA 4y

aol1)1e| quooAauoy ul japow pJeqqniH




Page 11

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?

pinb
vn uidsg

19pIo pug

\
A
\
\
Y

v
\

[elIoIN m\: _ _
T 0 ) 'pinbi7
aseyd dv _o.:_n_..,.w_ leloN
paziawiqg :
EEoﬂF Vil
a2111e| QUIOOASUOH aome| Jeinbueu| .

(Bullii4 jienH)
welbeiq aseyd onewsyos

uouidg [epoN

IM loje|nsu

lawiq [e19IN LM doeInSU

e
T awig | | [e1eN
J
¥n ) yn
€ ¢T 4 <l I <0 0 € v'C (4 Sl [ S0 0

' ' / o
" C"() S0

1 I
oF ¢l e ¢l

Wo=.1 Wo-=.1

(Buiii4 yleH ‘eome] quooAsuoH)
sia)}aweled JapiO p|al4-ues|)




Page 12

"Juaiayod aseyd aie
S9|0y uaym jonpuoalsadng "s}a|buis
wuo} suldg :uosiapuy Jo eapl (gAY)
puoq aous|eA Buljeuosal sy} sI SIyJ,

000

(1-wo.g5) ° 0

| y<<deb ABisug

°| enoqge deb sees S3dMY

(M) eanmesadwa )

008 00. 009 005 OOF OOE 002 004
i L L 1 i 1 1

. 3
gt

red

¢

e

191buls uids Jo uonewlsoy ayj si deb-opnasd

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?




Page 13

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?

¢uiod paxiy sjgeisun ue Aq psjjosuoo debopnasd sy S|

¢|ejow |epoN ¢uonisuel} 9S-es (9
"9|eas ABiaus mo -slied ajoy 1o
so|oy Jo s|eisAio Jaubipy ‘saduys :sa)els ajeinsuswiwooul (g
"4V 0] uonisuel) JapJo 1sli (e
Jliw| ues|o ay} ul suaddey Jeypp

MOl ~ soi1sAyd ABisua mo| |04u0D
-Joplosip Aq pajeulwop 4O0 sse|b uidg

¥ uonenuasuol) juedo(g

£0 0 10 00 10 0 m.ﬁ

/

<

ZRTIE 7 B
+ 4001

1o

JewIoN 100¢

() amerodwa],

"ono’15 e fony'en pNn ]00€

‘JoJej Jop uea :uolnjejal Buijeos 2dIseq JO UOIB|OIA f

‘dO0 Aldwi Ajuessasaou jou saop bBuljeas | /o
"swio)sAs uolwlay ssajdeb ul uowwod SI Me| Jamod "¢

‘[ JopJo Jo a|eos
aJnjesadwa) S|04U0D UOIISURI) SIY]) JAYlayM SI anssi ay | "yono)
S8J00 X8LOA Uaym Juswabuelieal 8oeuNS WS4 & paloipaid am

108} U] "p|al onaubew ybiy ul uonyisuel) Jsuiebe Buiyiou aaey ap\ 2

¢ Alewoue jeay oioads si aiaym ‘ssejo Ajljestaaiun buis| sl |
&1 SI OUM Mouy am ssajun 1dasuod [njasn AJaA B Jou SI 40D
'9|eas yjbus| BuibiaAlp ON “8lels paJaplo pauuspiun |

‘so1sAyd dwa | ybiy sy} Buneuiwop se 400 i1sulebe sjuswnbiy




Page 14

Patrick Lee, MIT (KITP Quantum Phase Transitions 1-19-05) Who and whereisthe QCP in cuprates?

¢[ejoW |epoN ¢uonisuel} 9S-[es (9
"9|eas ABlaus mo -slied ajoy 1o
so|oy Jo s|eisAio Jaubipy ‘saduys :sajels ajeinsuswiwooul (g
"4V 0} uonisuely JepJo suy (e
Jliw| ues|o ay} ul suaddey Jeypp

MOl ~ soi1sAyd ABisua mo| |043u0d
-Joplosip Aq pajeulwop 4O0 sse|b uidg

¥ :o&n.::uuzou medo(g
£0 0 1'0 ™% 00 10 (4] £0

4 0

%
e)
<,
%
P
o

AV AV
T 1001

IB1eN

PULION,, 100z

() amerodwa],

‘onD1s ey ‘onynpN (008




