D'lS*('lbwl'iov\ o{» Qu\ah-tum C ovre lﬂ-‘-{cms
Tw Heigenberg Spin Systems

V. SUBRAHMANYAM
TIT KahPhV

Colla.laora,‘lfm‘- Axitra Kundu (‘.LCTS)
A. Lol{shm) na¥ajah (LIT,M)

T PQTI-] L Bhuboneshway



Plan

: ' OVey Vallous 1' ' wve Stale
x Dl.S‘lYlb\,fﬁons : o us poxls ina pur A

P“"Y Corvrelctions over a SFaca o,j S‘bﬂ?’s

X @u&ﬂtb{m CO YT@]Q{:]OY\S': Pary-Wise 6h+o~njlemenf,
P D SCOV"(, Condihoval fh-‘-rojb‘;

X HBiSCV\BGrj S]D'm S\j_gf'emgg SU(L) Spin-k
T sotropic [ Anisotropic Spatially Dniform

Gvound State S'-D,“.;! \S‘t]:o,--g
XK Hesults



M&V\j ~ SFin .Sfaff?s : Qubit af €very site ZN-Diw\ev\Sional

Fiyxed Number o{

%
/‘Y 'T AL -T /g:ll J/. /’\ Sites, up spins, dloun Spins
Dishnct labeled Spahal part
e <52 (M) (St
[&C e - S\, . L)

Megentizotion Diagonal  Off-Diagonal

[';‘_ ~ + _A_, +B e—% m¥ 0o —D'mjm-ﬂ LRO
J YJJP Ao Lonj-ranjcd CO"(I&TJM\r

&UUQSFOY]S, Which Shales exhibit more EV\"'“V‘J,QMM?
How Quatuw. Correlations ave Distvibuled ?
Behaviov Near Cvikeal point ?



Spin Stafes :  |@wp= Z P55 |5555> S-Dimensim

S'S;'"S” ks many Nuwbavs

Afameva.ﬂ .30-1“633 5{:q.'l—e_‘, szoz f)_l%
30-bit &—d»-f = A B':ltion 1_'63 PCV\AYWCS!

wt. betwesw (L) ot
f. ' Zn‘l’amg‘{Lwo,,J' ﬁ Eut. bt (13)3 Res
(

¢ : . Eh‘l' JD ‘I" noL &)
between i & Rest: J shes .
Z‘fu% f‘n{'awj’emeu'" ina Mixed stale

S'wn'th\YL, ]oc.Jk Contains 3—F&"E’ Eh‘)l'wjlame.i
- N
N (1-pa) + N, (2-pery) + -+ T2 Nurbers

How Quantum Corretions Dishbded Over Vavions Pmr'i's 7



5‘,’& s ANE (N Olb{’\'n’ul/( Hr "L T S{DMS . Cmstvvafum
- - Seleciiav\
Ef, S%j - D :7 [€B|ock’ SB,“‘:]_O lees

Sty udire 04 Re dueed Dehﬁtj M abiy

SONNNTY ) §D) WD WY &= DRasic stakes

0

o 0 . W o0 o

e;, = ( . b) fij' 0 w X o <( S-Q)( )>
0 px" w0 | ()RS
<l_5}-1>7-\ >/obd 0o Yd—

i (5?537 0Lt - D MQL
M&av\r\'\—):f:tlov\ \ Coﬁ\rdgmfh

— | %
T'M\Q Rt\lo_\/sd ano\war\c@ " X=X



HDN {w a\},lo_,k IS & S,Fiv\ S"I'GIQ/)
e wiedness | (D)= L 5 1 <h €7 BT

G‘l .L&\ £h+¢“3k”“t ‘\' A E wt. sham‘vg

T‘«)o 'PQY? gh'PMJ,eMQj: Z'JQ,«\/'J'“\CS" 06 f‘\’(ﬂ;z
(' - HM(O 3 ',”_ . A‘Iz) = ?_M&x(o) Ix | - W )

5:1—4*&" 'CJ

of ! JH;*GY— v -

off -Diogond Cowveldims Dominde Afov CijFo

Ferro OV‘AQ.Y (PODY .SufevfoSH-ion) = DLRO
Dvoes not Suﬂw& gh'l'g“ jehl«-l'



6S Femomepets S=% shlbom [N w710

L NCw L
_ [, M(N-W) o _ zmw-w(_ : -.w..._.g)
g L" ('\"L C'-J - C&UQ' NN=-)) J MW\(N-M)
)
M2t &~ -:{'—' Cove® l;; M- %J =] Cave= W0

OV\6~M0-JV\OV\ State ; sS% %" \\V7: ; Ch ‘/J}?

LoCO.‘HM '! 'leii"‘

Plowne Wave Stale -
aZ ve Shle Rondowm G OE|GUE | Cackd TR
e = - 4‘\'\'*“1:—““[“g C*ﬂ :'_::' .':'ﬂ—_ No TR

Bveo..l(:vj‘rime Rcuofj‘al —0 Bitter Ev\‘l' Sl\arinj
AL VS (2003)



Concurrence Dishibuhon b Lamp
t4en =

L2 1 = & bo
y 08=0.0 O ne - Magnow
C=08 N=lo|
P(c)
(=0 TR GOE

P(C)‘: —“'.." Ko(-cis

ple) = ¢ ko(c)
GLE

H=),

&~ 2(0 C,+1+Hc) +gcos(27-rj/N)cc 2 S2mtl T— n)l
J=

n——oo

IKicked- Havfev Moalel




&S AnTi-wiomoﬂhe‘l . S=o0o .SPaf\'o&."7 Uy\'.{‘ay,v\
[$3$*) = <5i'57) = (35  {SE=0 Timbevess!

Ejoj} ;45?5'3-75 lr;i nu=wW= _L. r}j Ir" \<L'

M, = Jlogv Ci;‘: O E'7° ';°|<-‘
(| ~

’ - 6(| I“-ﬂl

NQO‘\VQS{'—NdzL‘ooV CIL: é(llrj]__l_
)L

N

D> Ci,= 0398 CiuTe 53] B

= |

-0-'6 C;J“—‘— ® ]? j

‘Scl/“«\(c T./;-.jJ«leajaMe
\S (rooy)




Cn_: 0-1¢ analeuivaJw‘f

L' CIL}: 0-37 bonJS
Cep= 033 GCij Frofer
o hey BondS

' (S Two+told Dej-

’ A CIL’=O-SS' A”‘EVV\Q’Z Ronds
3. Ci3= 0SS on Boundary

In the i\nf]hife la—H{(e Q,H d’DQ‘lY Conanvrences S(VO



Mubad Information.  Quantum Correlations
Joint Distbudion : b(X;Y)7 P(X), P(\j)/q/x (\/)

@;— @_,,_ O — Q _'_DI—{M}):ZPM H(%,)

Conditannl Prd- P (x,9)= |->()() @x(\;)

T = RO+HD)- W) | = Hiv)- Ririx)= I

Quaﬁlum Joint Stale Fﬂﬁ €AE_‘9 ff\lg% C(FAIB)

NQQO( ‘l’o Do f\/\eaS\A\r QMQV\{.— Cond EanYoh DQPQN\AS o BmS;S



jolnj\" Stode : (Jp‘&s ﬁ.\ ’GB ) f(&ll’ﬁ

( hoose BaSiS. |yzcCesl |+ Sing ¢? IJ/>
| o) , ‘l> ‘J‘(N R Measuve Otx’v:l'or

?F‘\B: PO(JMBO—I- F; GAIB, t’a'-'TY Io7§o|{’,q,5
— S (0 ‘
(‘94)((0&[33 = Po S (ﬁ—\lBD’HD; ( A IB)

D(ABR): M'; Co (fa.g%«i(fg) S

Pure fag” Fug= 1904) S [D(a,B)= S(Pg)= D (A




/'\V\iSO*fOPiC HQ.IIS'ethFj M(M(Ll

Total  S* TR

X _x PR, z_ 1
’)—(3 Z Sl. Sl.+l+ Si. S}«H-’.A S: Si-[-) G‘\ooA&NMv\LQY

A<o Fevvo  Ado Anli{eyramagm('c

A:I TOTGA S

D=1 l<05‘|'eVI} ,-z :"'\O“Jiff a Trans ik“" Conopd Qnadiamm Nwwbey

Ladhe AV\SA'\'}_ S dvable 'y = @

ﬁs-‘( ko, \J

['-OH'__. kR P L LT <7

k=2 ,b: | Pos.rl'ivitl 6‘ r.J

Optimizadion of Cg g1  Tndepeudet 4 ¢ U0) Sym

CG:D (QLISJ): H({-}ZFY)
Courr (fips;) = HIEHRT)

D(5:,5)= Mn{G, )+ S(py) = SIfy)




I

ot

%%

]-D}Aj

, 1Y

30

10

Ratio: O{-f-Dia_q/ Diaj- Covr. fn.

| o

— r=1
—— r=3 -
—_—
\"'Q';i=~~-~"
1 6 i il 2. Y, ¥
* 2
” ZS‘ Y 4 ,. ;ﬂ + AS Srl-l

N= 22 .SF'W\S
Peviodic Chain

Fovr all Y, A <A
Ralio > 2

S Basis Pve.jfevved.
“ov Min S (P5,|Su-v)

Fov A>\, Ratio<2
S2Rasis Predevred



Schemohe Behaviov O_f D(Su,5|+y\

Comﬂe[j Dderih&d B\j Diajmd Cow. -fn.
FY = Q—YIE Near Crihead pomt

—————

K Yo Slow Decny

Long- romjed v 2 Lonj-Yaneal Discord

At D=l DIS S) exhibils Grikcal Rehovioy

Y= DiS@Yd DQPMS o SPCC:‘%C He«z‘ Snaujaﬁl's

DISSe) = 1+ 3055 Ln(L+10) + (§-30) In (£ -36) + H(E +277)

L\.((uV\th,\/S J Pys A (1013)




Schemalic Behavioy of :be(oYo(

| Sinsdtriﬁ Rclal'ed
1o Sp-Heat" Expoment

0.8

-.D.t ( SI,SH-V\
Dt;, (Sl,gn—vx

] Singularity Related t3
L Covrelabon Length Expount

0.4

0.0

0 1 2

t

Crithicol Behavior as t >4
LT Cam eI



Paiwv Discovd Vs Distance

0.3p\
\'.

D(Sl,SHY\

N= 220 .S|>iV\S
Peviodic Chain

A<o Fewomognelic
Slow Dewuj

0.1f

0.0




Discord \s AV\'\So{:Vory JAN

N= 221 S‘J'\V\S
A(—l’ D=0
Sov all paivs

03 i'._\\

D ( S' ) Sl+ ) ) \\\\\

Kink &k A=
Koskevlit; Thouless
Quoviliam Pl\ale—rYN\(i‘Hon

0.1

oo | L e

A= Z Sixsi:.""sfy‘rir, + A Sizsiil



P(C)

Ple)= L (4 §(C- Cogllisd )

Nearest- Nejghbor Conditianak Entvopy N=12 Spins
| Coarse- grained
A0 Bin Size §C=0-v05
—A=1.0
—— A=0
ol _ A1
Peak ot Iowcv \Ia.lue

SIiJLHy Less Proboble
lWhich Detevmives

M\\% ijwﬂ/ Quantam Discovd
Lmrje(-‘( D]Sl’vi b u«hon

0s c T shifh 1 vight Slishtly

)'l ZS;! u-n Sv 4 + Aszsﬂ-l

] lﬂ



MOM&V\T_( O-f Conal'fv\‘lvoh Distvibubion

N=122 SF'IV\S
(Y= LC(fsy5,,))

over all PoS‘JiA‘C
Measurement Dases

2L
A=l o =0

P((\ : 8- {uncTn'on




Conclusions



Diskibwlions of QAuantum C ovre lati ong

Concuvrence Pair Concnrrenes Avom

all POSS}LIQ
C\,\i-d (( LOP\JTGAI )

C’P # b \ / Much—Wt‘L’ 5"’01-05

‘

i1 v C
/ Discord/ Condikimal Enkvo\o7
Ina Mulli-aubit Long-vanged P (c) Cut-oH
Pure State Crim \ I\H
— —

Y

Pa'r Cmd.fn{wﬂrics j/m fLJ /
AsS & distbuban



T hank You

\/ Fov
ouy Attention



