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SUPERCONDUCTIVITY FRoH DOPING

A SPIN LQuid ( oR ALSo A MAGUETIC )
INSULATOR : A SIMPLE 1D EXAMPLE

H.F. [ SISSA - TRIESTE:‘)
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© HoTIVATION
o THE HODEL
THE PHASE DIAGRAM

CONCLUSIONS



® MOTIYATIONS e

® TWo LE¢ LADDER CeMPoUND S ( S:r-cu.ZO3 , (Vo)& P D;)

I R

s

® SPIN LIQuiD INSULATORS AT HALF FILLING

& CONDUCTING BEHAVIOR UPoN DoPING ALTHovaH
THE sPIN GAP SEEMS To PERsnsT |

o SOPERCONDUCTIVITY UMDER PRESSURE

-—-ﬂ

P -

Jul

THE THEORETICAL ANALYSES SEEM To SUGGES THAT

THE EXISTENCE OF A SPIN GAP IN THE INSULATING
PHASE WHICH REMAINS FIMTE UPoN DoPING
FAVORS SUPERNDUCTIVITY IN SPITE OF

o REPULSIVE INTERACTION




e Z216-2A64 CcHAINS (Srfu,oz) AND SPIN-PEIERLS
INORGANIC CoHPOUNDS (Cu.qeo‘,,)

o 3
F—A—A—F 2,
By Ny T 447
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32. | | 32>3.;-
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300 (- J,=02+0247,  S~ood

© THE -3, |S THE SIMPLEST SINGLE CHAIN MoDEL
BEING A SPIN-LIQUID INSULAToR AT HALF FILLING
(For 3, % 02573, )

- DIMERIZED STATE (EXAcT AT J,= 9, /2) -
EDEDTD—
: o S:=0 - S=z0 $=0

o WHAT HAPPENS UPON DoPING ¢

e AND UNDER PRESSURE °




- [HE MoDEL ~

® I CONSIDER A SIMPLE ELECTRONIC MoODEL WHICH -
MAPs ONTo THE @-3‘2 SPIN MobEL AT HALF FILLING
AND FoR STRoNg¢ ON-sITE REPuLSION

[

Ry U
e

ot
IF USrt,t' THIs MODEL INDEED HAPS AT HALF FILLING

ONTo THE 3,-3, MoDEL WITH

gzﬁf
3, (¢

© THIS MoDEL CAN BE AVALYSED BY STANDARD
ONE -DIMENSIoNAL WEAK <¢oUPLING TECHMIQUES

, | ) -- ( é—OL_OG Y, -BoSoMIZAT:oN,....) |
T WiLL PRESENT THE PHASE DIAGRAM OF
‘“THIs- HoDEL TOR DENSITIES close
| To HALF FILLING



~ WEAK CouPLING ANALYSIS (U«t,t') -

® ENERGY DISPERSION RELATION : & = -2t cosK + 2t cos 2K

o t'¢t/y

m

rH -

- -~ 6

IT IS A SINGLE BAND MODEL, SIMILAR To THE STANDARD
HURBARD  MODEL

THERE FORE WE EXPECT THAT .

AF CoRRELATIONS )

| U . INSULATOR WITH
oo 7 /_\’ GAPLESS SPIN EXCITATIONS

(PowER LAW DECAYING

METAL WITH GAPLESS SPIN AND CHARGE EXCITATIONS:

COW AND sDw CoRRELATIONS DOMINATE

Wy



- WEAK COUPLING ANALYSIS -

!
o t »t/4
LINEARIZE THE
BANDS clLosg To
THE FERMI POINTS
1 CONSIDER ALL THE
<t 1oSSUBLE CouPLING S

e(k)

ConMPATIOLE WITH
SYHHETRIE S
fERFORN A PERTURBATION
EXPANSION + RG , To
CURE THE 10@G- SINGULARITIES

e®
\

N -n/2 0 n}z n

® DEPENDING ON THE DENSITY As WELLAs oN E/t' THE
CHEMICAL POTENTIAL AV cRoss Twice ( &) oR

- F
FouR TiMEs ( €f) THe BAND

o WHEN THE FERMI SURFACE 1S HADE BY Two PoINTS
THE STANDARD SINGLE BAND ANALYSES CAN BE FPERFORHMED

N\ /
N

» WHEN TFouR FERMI PoINTs ARE INVOLVED, AHORE CoMFPLICATED Two BAMD
MoDEL ANALYStS IS NEEDED

\-sz; | / : \'Kéi /
\ /K.q \ /“sz 6




- HALF FILLING £ >t/4~

o t,<ct'ct/y
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AT Low ENERGY Is LIKE A SINGLE BAUD HUBBARD MoDEL AT

 HALF-FILLING , LE. IT IS AN INSULATOR WNITH GAPLESS

SPIN EXCITATIONS .

| <5£(X) 56(0)> ~ 1 1 4 Gout- (i)
: 4mt x¢ X

W waTHERE#oRE A HAGNETIC INSULATOR FoR

0<¢ t' <ty
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-HALF FILLING ¢ > t/2 -

T

t )
| -KFZ. -KFi kl-‘i KFZ
e THE FERM| POINTS SATISFY THE RELATIoN
4 KFZ- 4 KFi = '271—

AS A ColSE QUENCE THERE Is Mo SIMPLE UMKLAPP.

P:@i—-f =>  P=-f+an
.\/\Cni‘ramsr AT THE

FERHI SURFACE

BUT THERE ARE HIGHER ogoe_;z'- UHKLAPP
kgt




® THE CONSERUENCE oOF THE PRESENCE OF ONLY HIGHER
- ORDER UHKLAPP fPROCESSES IS THAT

A CHARGE GAP, LE. ANV INSULATING BEHAVIOR,
OCCURS ONLY IF THE INTERACTION IS BIGGER
_THAM A cRITICAL VALVE

\

" A METAL-INSULATOR TRANSITION OccuRS AT
HALF-FILLING AS U INCREASES , WHEN t'vtiz

U

IF THE Z14-2Aq CHAINS ARE NOT FAR FROH

N

THIS PoINT, IT CouLD BE PossiBle To INDUCE |
THE INSULATOR-To- HETAL TRANSITIoN UMDER TRESSURE

WHAT ARE THE PRoPERTIES OF THE INSuLATING
ANG OF THE HETALUC PHASES T



- VKOPERTIES OF THE INSULATOR -

o DIMER ORDER PARAMETER :
—» - >
O,(x) = St Sxea) = S(x)-Sli-o)

AS A (oNSEQUENCE OF THE RELEVANT UHKLAPP

< OD(X) > = CoNsT. . (—i)x

TUE INSULATING BHASE FoR t'>E/2 CORRESPONDS
To A DIHMERIZED PHASE |

ED it it 1t I

WITH A GAP ALso IN THE SPIN EXCITATION SPECTRUIT

THE TRANSITION AT LARGE U FRoM THE HAGNETIC
To THE SPIN L!Qc)lb JUSOLATOR ©ccuRs WITHIN THIS
APPROACH AT t'= t/z LLE. AT

-5,1/3'1 = (l:'/l:)zz' 1/4 I

CLoSE To THE MUHERICAL RESULT !
(As WELL As To THE clAssical REsuLT !)

{0



- PROVERTIES oF THE METAL —

® BELow A cRITicAL U, , THE UMKLAPP IS IRRELEVANT
AND THE DIHER ORDER FPARAMETER

OD(X)= E(X)-'g(x-ro.) - -§[X)’_§[x-‘u.)

HAS NOMoRE A FIMITE AVERAGE o (-N* over THE
GROUND STATE. |

o HOWEVER THE DIMER-DIHER CoRRELATION FUNCTION
SHows AN ASYHFToTlc PoWER LAW DECAY

XD (x) = <OO<.)O(0)>

\\ ' . wb[ 2(K F2 Fi )Xl — oS 6TX)

o THE SPIN GAP IS STILL FINITE : THE ELECTRoNS ARE
PAIRED INTo sweusrs AS >cw SHOW'S

HOWBVER SINCE U Is NOT EXTREHELY LARGE,
 TWo DIHERS cAN OVERLAP |

$=0 $=0

THERETORE THE TIHERS CAW MoVE = NO CHARGE GAP

i



e PROPERTIES ©F THE METAL e

® THE SPIN GAP ALSO SUGGESTS THE EXISTEMCE OF
RELEVANT PAIRING FLUCTUATION S

- PAIRING ORDER PARAMETER
ALy =2, oY WY 0 - eT ¥ (0
l o e KO Keo -Ko
CoHPATIBLE WITH REPULSIVE INTERACTION

«f
X (x) = <A(x)A[o)> —;;‘72“3

-Ke Is A WTTINGER LIQUID PARAMETER PROPORTIONAL To
THE CHARGE COMPRESSIBILITY

( AF cRentEs A PAIR, WHILE O Is W soHE sewse
THE PAIR DENSITY 0PERATOR)

o IF Ke > i/z THE FAIRING CoRRELATION FUNCTiol
DECAYS SLOWER : SUPERCONDUCTIVITY TOMIMATES

o IF K¢<1/2 THE DIMER-DIHER coRRELATION
'DECAYS SLoWER : DENSITY WAVES DoH/MATE.

i7



e NOTICE THAT THE UMKLAPP TERH AT HALF FILLING
IS RELEVANT TJUST WHEN l<5< 1/2

® MoREoVER |<S 'LHCE THE CoMPRESSIBILITY IS
A DECREASING TUNCTIoN oF THE INTERACTION,
| AND FoR SHAUL T

Ke ~ 1+ (V)

o oV THE OTHER HAWD WE Khew THAT FOR oL
THE HobEL IS INSVLATING

- THEREFORE |
‘THIs MobEL AT HALF RLliNG HAS A DIRECT
TRANSITION FRoM A HETAL WITH Do HINAVT
SUPERCGNDUCT ING INSTABILITY To A SPIV LIQUID
INSULATOR |



~AWAY TFRoM HALF FllLiING —

® THE UHKLAPP SCATTERING IS NOT ANYHoRE RELEVANT

o IF

LE., IF THE TERM! SURFACE IS HADE BY Two PoINTS
THE SITUATIONV IS LIKE THAT oF THE HUBBARD HoDEL ;

A HETAL WATH GAPLESS CHARGE AND SPIM HOBES,
AND DoMINANT <OW AND SDW FLUCTUATIONS

I.LE. FoUR FERH! PoINTs ARE INVOLVED | THEM THE
METAL HAS THE SAME PRoPERTIES ©F THAT WE FOUND
AT HALF FILLUNG, THAT IS

A METAL wITH A SPIN GAP AND DoHINANT
DIHER-DIHER (LAR_C-:E U, oR spsCiFicALLY }§’< 1/2)
OR SUPERCONDUCTING FLUCTVATIONS

(SHALL ?f/ OR KS v 1/2 )

{fr.



® TWo BEHAV!ORS’ DEPENDING WHETHER AT HALF FlLLING
Tweo ©OR Tour TERHI FoINTS ARE IMVOLVED
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e i BT U B e

o THE t-t-U MoDE, HIGHT BE RELEVANT FOR THE
ZI&-ZAG CHAIN CoHPOUNDS

o ANYWAY T HAS QUTE INTERESTING TFEATURES
INCLUDING -

A SUPERCONDUCTOR-INSULATOR TRANSITION
AT HALF EILLING TFoR EStly As A FUNCTION
OF U

A SPIN GAP REGION WHICH APPEARS UPON DoPiNG
THE HAGNETIC SPIv GAPLESS) INSULATOR,

THIs REGloN HAY SHow EITHER DIMER WAVE

OR SUPER@MNDULCTING DOMINAMT CoRRELATIOMS

e FROM SR WEAK CooPLING ANALYSIS IT TURNS OUT THAT
THE - EXISTENCE ofF MoRe THAN Two FERHI Po/MTS
SEEMS To BE AN ESSENTIAL [VGREDIENT TorR THE
OCCURRENCE oF HETALLIc BEHAVIOR IV THE PRESENCE
OF SPIN GAPS (\mm OR WITHOUT DoM/NANT SWPERGNDUCTIVITY )
[THE <AME occuRs Fop THE TWo 186 LABPER]
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