Page 1

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

sao vy [ Swreyn wols <«—
Cpommhis Jrons sy £ hmpydmen 113,.* ! 4+J.¢+snw = 9

sz s <~

oa.s:n?so Fremdrem) dmg g waypni ! q_«.w = S.uo.«w + 5359 _aaouo—m

2.--.._\ no_..d ! \u.{rrv\T wSaJn?S)w\ PHSOYWYRS = (3) JF@ ™

o=v A>v

N v =
Seop ™ T =™ *Hw* T = @WH
<

Womot| vy Moo v Wim ﬂs__n_w N \V.,o <So+w\zm.

NowLINIZaT — SYY NIdS

(mov+0'vivs) na 'uaq ‘amp peding

aﬂd:ouﬂﬂ n—.o &(.3 !‘T.—.u!‘
AMu|san| wo xtnx;u:s
_dﬂo.:.mﬁ asﬁ._

SWILSAST ATOR~-ANYW 9N LIVYaLN|
AINOUWLS NI AINIUITINVINT

101




Page 2

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

(T 777 7 7 77  Riddoy

da&%nwu%u_o.a HL» \\ \ \ \ \ \ “\\ _‘S.wnwv—\u Wo— J.!:Cf -
S PFAFASFS o8 B

S /S S S S S ST n2IMYT0 MO PIRAMI -

n_uw ooI._.@l_ o

SWof WM Wamyag mogspyes  fayra Gip-wds 21d-vaxg

./b ﬁ.w\w AmodJ\u o JSul)ﬂ:adu
)\..\ SI¥I™ 924S W MINIA
\O_c) Wowianpy ssso e AP
Sips s (s -arap® < 3*h
Jﬂdaba =LA \ nJ:Iocﬂz.s_
® R.
num J.au{.m:eﬂ. .

@R woyed

-~

" VoI oe_..ku&@

Holme wrpims 30 5..-4«@ o?s:efau N ./fla
§ Yromyon S..a—wl &

MOIITVI.
4

SNOYYSI99 Y,




Page 3

Amxda ..SJL A.lv S| ?ozo_o “
w!o._u .1_3141._5 5334u0. n.)o“w._.sg \..lu.jo \ve&asso_%njlvl H m.vdmtsoxw

o =T[4 ™H]

iAMWMe) ISy

T K4

9 o a
WX @ hXil = — . = Ty
Tuw *v ?ww v
20 z z = P
5@ Ew H

9Ysv

(3PP =
H®% 7 =1(3)H r—— T

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

- s ! e B s..._.aoiP ?df+;m .
s9M ™o Pr6 .‘O.JWQ:J —v:PJd§> .
SWp) 3 Sre wds oy +S~0y~ ﬂ._o._ .

snoyyroy ddy ¥ wepaafjiand)) : SRS 4&-& -

q.-lg 2 (s9m) S.T.-a.e_mlr {*%33 ! Lol angnl ﬂsmm_ .

oS
“ M4 Samiowis A *o g

m\&ﬁéc&d/ﬂi&.wg:_%qs‘_ “pagmmn r/a«I. o -
3 SPYRRS sy \a.?awdﬁ M weY) -

@1«35&@ M SXiv4e 11&4‘9_3 n.wo nuL\{_. 1M "c_ol.wosg




Page 4

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

AR A
o, N> TS WJ._-
woevd 1990 T _o ..a.ahv -
s 1 LN Nty . .
wdusdo 3o xmpom m.louc.ﬂ-c ” . o "p = Bl
z_% . . .ﬂ-v o
<BLL = <s] 2 .W imw = Kol (3N
S- (LS ! "
Tock 1 w6 wds o apis
J?&SNLM e d.—..oﬂ .oudc—L <s| 2 = Aw— fuzJ.eS
AR T
MO ou¥s’.lly

st X s s sy < ,._zrw = < ()b

_H Z seuG prrels T (sl s s
voes D2y 1 st 0m) = K1
noearye x Shops pozppd - wds o) = )]
NG

D48 Jagmt WO voyoy/

[-d
»™b .%m . @%
3

a0
2 =3)n W™ 1L = 3n

9e I ?.vn_c -

iMOYWONg .mi,_.}s




Page 5

.urodowo\e_o—|+{ss_u P4 MRl appy ey

(woez) mss.roT_LJx«s.r o
(noor) 20550 ok V¥, | Aeew 7P Sumwipg sy wap wop
(992) 145390 19 v a2y~ shwy ‘GBH psrm mmy

ﬁg..vgw Sza.rzr.ssu—ﬂ.d*so Rte) ﬂ.soao: eaé‘ua.v_o "9q Invj .

i A K AL 1ayq
] 9 iar—.Jg&q_‘.—.&w =/

f

2_1._—\ =Y N Ar: = A_I_-_ ?ux

; nxasbsru u&.a):%ﬂ«» xT*ud @s P2pasap 99 S,SW\YC« °
.Tuvi.w .%m.,:o_u._.w y.ov $24MAs Jsc.Lo Poyro-0 mp W9 25| o

| SRR W—\cxu& . «.-F.o\m > n_e% P SYpPgus —..JOQWW

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

3 oapndo) framReapo vy vvo ' sopoys
Q.J.—xY ssvpo I} oo Wsw I WD Iy wsang)

¥
<sl w.ﬁvL.rno Rt = W]

Ar—.._ d.—..u.#ﬂ JL#&W 1#«.—@33

Aoum:*u M\

MoISIe? awm
W -/
4 4 H
” .-_%

wp A kb B

Jcr_.nn_s@




Page 6

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

( So07) 100mPs Tmw3rnap x__.\n ...*5338.:&
9402090/ k4710 240 WP s sy mannay

swlmng 9343.8 Y cs‘.é_vowﬁ 05_.1..:01__ = ﬂa._o i L
x_ﬂao.*n AT Acax..ui.‘XoLLc l.v-.nlfs.sozw B onNNovo\e_Ll,_.(ss_u .—.o.—.o w31$<

t fMoo.Nu Yud ‘P +° hthdaes lad 7|
“ uow.oﬂ ...ﬁ—n b ST e

wonaYroyy -y g +3§u,ﬂ$6*sm : A S907) 705081 'Sp Y, 1V 42 0 ..w?su:su

[ Ml 1990] P SIS wohub yy 2S00t} Saho7L 'S, 1YY Ve 42 Puyuy
ymetope pred-gpmm o sgair]  :(hoot) sonost' 7 W 12 49 MNC
g ey Goovaciay - 59 o wagmaspienyy < (noor) wEns0' by Vg T4 o

$220M05H a?#&.r« se Saquys wdwag ¢ (Sooz) TUETTO "I9VYe W2 Jropwasswoy

: SHys J....La o} Ty WYon 79k (o) Jo Iwmog

(1002) 98 T, '1949 Jopmassway,
niwdvmor ¢s$+$¢:r W.o3coso

1
24045 Jaisn|D Q2 2po2 ydoug
RN A7
I |
A S
24045 ZH9

./ \ 2J0)s ||og
A\ —

: sa1dwoxgy




Page 7

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

SBY woq S‘va:_%o J—.ﬂ.so.._ +¢J¢su_m|¢so+so 3 4_.45_ voNIPIAe)

AHJ!S.JJS 3.L¢p+ swaas 'S« Eyx

= (Fa)f pue xerg = 3 00 = N A O mdg [ DII wi.w‘s._.lh‘ .-w M _ < X
79215 %20|q
08 0£ 09 0S Or OE OZ OL O R o @
S A AR R ;,:.;E,.;J.D . —ch_ 5 T = -|—I
g g i X~
g=x |7
lo W._v
8 ©
At A o C
iFl
(al 2L
|| ®ounisip g .u:".r ﬂsanJﬂ..os :wo
000l 008 009 OOF 00Z O D_m ..V
0013 oG v .vo s PrwpIL Mo

REU A PITEN

Wo.a_.vse WO MOA DM 0

’

0 <X 9
la-v\x~ qv
fwer = c..é:mo =0
0<X ! 1a-v]
X=—
L] L] [

"mﬂ_‘_kss .uv wvapmdye wwepsp 1&33.& 1M Mevo Wip .y @

sur_l 5% nO‘L(S)Qb«\v ._.u.GU%W 4.6 &obl— °

@ 1wy, .wo pword & - Y| : Sm..__jﬁw A_L.sﬂ M 3wy I | »

33_\_0. Jownarsieo @E 9rY A._..u.oh_ 95 q_-% nwuu_o xm_:o_ 9_. xosm-




Page 8

e:aanJaQ!ko T MG .3.:* 43:&.‘9 .
[ otk
e e bty Q.«wg «) wJLaL- A“..JVOZ vo Jadﬁ%@ h .

rtraga oo Rowy Bepapn weagm Govn by, g

.m&:.qcé Yo S unyinrtfR <ux._d.33\ ..“.o
Conpon sy By n‘x}s;‘? ~ T

R 7—3.-!3:2; g .3»& mﬁ__l ‘v
”crz\.LpL m)__...a:i
L MM opye 3%-2\? m:.tso* (M0 © o sYM
T4as |ojewen 3 v ﬁmuzu i o JLcLo 1#4&33 @

0522090 [ -pronb ! gy ‘apuLisiop ang ‘omerg, 'K puy

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

Sﬂdowe\{—‘ﬁ!&:e ' SR .u+w¢+n3>.>unn ‘omd snpvy -
. s...!..i%.u oM do Giogs pownls apvpmadly
af  awg [opgon v e SYM sares yInd popBam  am M -

- € 2 7S

e ! ey e YR NS e
saag Sum ( 90£anoprm-ymm 23) "yrepry ) speyTm ponordw| o

A#iu—{so .7 Jrmenb yapmog ¢suisasv o«_a‘,—us...hw wyns Wy 12_&.0 dm
7 " Solpis g X w0 3599 ' syeno papps pe QIWGE o

gl S

Yorg » o pl A Ty ok~ paea\Smapig izlm.ﬁn .

(900T) £0EL60 ‘PG “MeT “amy SAq ‘[alanig r¢'zepP W v\l(_o% 20 W) SwepTuils k’u_n.l:.m

[="H pue umisuama] | U I WewaeE ] NG AL




Page 9

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

(S (V)0 ™ Py 2w VY

D o\ [=0F7

T - T =
a=2

—2 o) ¢ | J = s !
?_EL,_VTNN_T%im " & [T o= 7=
N J,z?—

e s Eyma -7
wpajge st (1=m) S9M 2Bwis sep.
J.ov ! SV SWHS YRV R ﬂﬁéc Yy SO

q=>n

Awkéuasue > 0) oL N + 9°y Hw =y T s3EArSOR 9707

. S*.szs.&m (:M0 = mMlenN)T rove + Y (-n)ry

- smadine Bymo — .
A:_.:_u_,‘_a_wdw p e ?H._ 1 osom%SLJLsm .

L

NT 2| (=] NE  sepeord (721
wéo il Vi ta |
ﬁﬂ‘f}.-.‘y H‘ Z*OU> *b*-jdc’ S ® S
vajyomfrye x3dway ameanlpe sairg |970|
ﬁ‘m_ m...u_.TTmH\m.r_hn_‘\.lL w pw X A..,u._..,..,ﬁ%._ t n—\vw _dSaz.uu.ts.\—

*




Page 10

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

[So1dey Susn
posodiadns jo

ogz2e90| e_n_ = ,...s..__o

Suisy (01 (q) (9 = w ‘seseyd poziyy v AJ_CV
- §O),¢] Suisn poje[noed) g pray Feur jo wonoung se KM w ﬂ — ﬂm uw Z- = I
potod yim (10015) 9011w (2 ¥ X ¥ I9) "7 (v)

Z = N UYua ureo Sursy 10j
1peiaop aaneyy (8) (€

o 2181S punois
fuo 10[e)) T DI

w saje}s pasodiadns jo Jlaquinu

Herem Gus)

g pisy

0l 3 L0

2 )i 9 S v € z ! )
e . ' "suids pxp ‘Qe 60-21
— T _ [ —— suds g ‘'dL 1| e
E T — . o_lm_ lgp-21 80°l
-~ §l=8
— ] 2 i L0-eL
1 - 160-21 T
—- 328 TP 1 90-01
- = §0=8 m
3 - wo-eL =S i G0-°l
57=9 m
L g - o 1 vo-el
T . SL=8 €0-2l /4 M. ]
—— F J 11000
Li=g /
el k 100

03/(°3-3)

p1=n " (1)
o R e e L () B? Tl I P
\33_33 [ atackadclidey Aﬂaéis.‘d# sz .Wo«gu« 6*
«Sﬂrﬂs«i«yv\ dqowe.‘g?déx oy w%icv M\n v 14
(L= ‘o5 ppopes Dwpar )

vieyRfem sy ﬂ.._\v'}&.w om
¢

(410 tomayzany~y Ps- pays
(50m).0 = cmesponpw Brar-Smoy ' Whamz

Q=0

H v:azo_.\(So.\q ﬂ#o.\ss{rm, -

..3._40?39»._0 ‘Wc SPA Sﬁrvd.cbdo—km -

3—“‘\ N l_l Q.C.ﬁ\ N — .ﬂ.\

sdts (W) oy oywdodns ey o




Page 11

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

L8
s-Lg

[
<

<
[

ﬂ|7_ .T<7— HZ

Aﬂ FMrmiprg 14.—3!(.3v

J_J._uom nsa.zam "7 PMm ﬁﬂ.«.ﬂ!—

')
o ,l%.w uod.—?w ! ppawm anvds yYuoy

Pty e Ry -pracy | sevn 2w

: Japorn d&n\uvmm "o m‘(SLvdo f._-u.._.n?

(Wi

P noot,—.c A !5136@

(500T) Tosogy 'Sb W P> Crwsiy

3 wum K2l ] S

Wl-ﬂ "d(’ﬂ—‘ﬂ "

moproper Gt 90%),

o508 sumvl @

"SI0(E191 1soIeat I0f Hﬂwﬂmq orye[a110d juod
& # 1) Sutsn Aq p
. s ; r.;.um?k ?«m — m?.m;
ns) TN ToTjel

o —ra|)f = v qum
padsar ‘earppe| oo
0L = 0EX0E X086 = N

‘08 = N Y (anfq) ([T Ul [Ppou Suls] (*euluo 10[o)) g “Hg

QL x0L %0y qL

0T x9% ‘qTT
ot * Qi
.Ou._Q.TWﬁonS)O

u,iisir.w ﬂ_i. s

qs ‘qz‘ar W as_,w,

. . wip/g N 0
g RN E—— L % 3 80°0-
o
lsoo = {.00-
S00 M 200
U m {e0°0-
{510 3 lso0- W\:,J
7o = B
Q 1700- m
{szo © =
- 1e00- 2
|ﬂo muf m
lego S 1eo0-
lvo 3% lo00-
JLU )
* o+
: : : syo = 0




Page 12

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

) niid
v YS)Hp ”fu_j.a...ml.ija.jv n:uJL PUeisior |wws

+¥
_h_u.T ot P 8 fdlf.ahl...f ™o)) nﬂ-JL 1emougjer Jﬂ:_

[0 «3 t* 3for woyrwperd +¢.u¢sd_ﬂr&4sw

suids ¥6 suids g
¥ awn
"] g ]

= I 0

N o= T

OnAzue) puncq samoy

™

wr
LA T R T

{95}

s
.

00
%

{T5) -9 punoy sddn

nlo# cl...x..x—mc Y - 4’0.-

(590T) vosogr 'Sb W P+ nCrmasie Pro 2w - JoYS o

v \0=Z -7
lm._.Jso 0} Yvwog nmMo) _H:.....,:_J).‘:%Nﬁ._um + :A ,\Mu W %H_omo_l = (")
._..._/.ﬁ

ASGJL ot vy wnsse) 3 amapmaday amil

dﬂd-d av jJ-Squ

iV vmychogns \
%o -J:!S.-a>= My —\

etk gremaliaina W CKU9)S) « N o
-ou*dum!w

JL!P YRimo) ﬂ._s* Y *o
R R Y Ln.m s *d TP et




Page 13

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

(% ﬂ.._.—soov oy sapnred wmychs
MO So_+oé~oo5_ +.¢...s~_w.so+.\.w

ﬁ\” ﬂw.‘s.w L T kLA nvqo J—...?_ /)
SWoLS(|07 .S \..tu...dle_e“ﬂa .b M 4 o ®

m\l_..ss:s-} 0 .wa ii Lub muorri nvo o4
oﬁs:Lsao s ol “T “mams .18..50—0!6.1.6 Rwo woo) 1 IMInVeRn ([ @

L 1o ommpchs wpmanb vado Asiou g Bmapng \
Sdﬂ.mo?_o_(.vgsr ¢ LR ss<§+x.i

n

M -N \xsig\&éJ’ém
(%

.W-U .QSES‘,\&Q \&:\.\.\6535\11 06\&9?*5_\ W\%s,vw o

Su\eu sksseﬁ:oﬁ. 9 \Wo SEX@
%érlgm 1?2 9 nv\éo\ZL.t Slltbw e e




Page 14

Dr. Hans Briegel, University Innsbruck (KITP Quantum Comput 3-01-06) Entanglement in Strongly Interacting Many Body Systems

E.nd.uoT_o_t.-..ésr ! P4 ss¢§+2I

/
v

(O- SapRa)g + + O™ + [d'Wyyd. <3

woie} prigpne 4 4
/
v

s

<%
\

-+ saypms Jcs_._.\ W.?e.Lu M0

3922 = ga.x._os.t:_a@ + ™(IQ) + s@wv = vm tmoguld pysy
S wpapmba -+ 1xxald
ek Sneva- ro} ashwn CqN ol M =
+ 23
e VPR
v A ] ] S~ Sdonws moy

t ﬂn_ob_a)é May J..‘.u.(- u*a*n S..
' sano Jau..w O “s3r wmpd v to sqo_eJJL .“.o +So§.-o.._._u> :os—P
"3renvorp T ﬂ.—..%o1..1..:1?~e:w 29 (S ._.saesu_@si.sw

4

e i .\-Lj—. Jm.((_ o " a N n
wnosyes of amp -3 D wenq|mbs  powlapemnvt 33% Wwory ..dw ahc




Dr. Hans Briegel, University Innsbruck (KI1TP Quantum Comput 3-01-06) Entanglement in Strongly I nteracting Many Body Systems

Page 15

N

0.04
0.03
0.02
0.01

(a) N (b)

——— e

10 20 /’:XD 40 50 50 100 150 200
7/ T/

FIG. 2: (a) Negativity for 2-qubit system with XY Z-interaction and
magnetic field, H = _{/([)_7(75_1)(,‘('?) + ().3(5(,1)(752) +oMe® 4
().5(0&1) + {If))), as a function of the reset rate » at g = 107.
The noise 1s described by £,,isc of equation 1 with C' = B/2
and v = C'/10. The upper curve corresponds to zero temperature
(s = 0), the lower one to infinite temperature (s = 1/2) of the
bath. Curves for any finite temperature lie in between. (b) Average
negativity of (i) 5-qubits that have all pairwise interacted with each
other (dashed), (ii) the reduced density matrix for any two qubits in
a 5-qubit setting (dashed-dotted), and (iii) Poissonian mixture of re-
duced density matrices corresponding to fluctuating particle number,
see text, (solid) as a function of the reset rate r for Ising interaction
and dephasing, with g =
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