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CopepxxaHue

0 OueHka aHEPrMM OCHOBHOIO COCTOSIHUS CHU3Y
@ 4epes SHEPruto OCHOBHOIO COCTOSIHUS MOACUCTEM
@ Yyepes BapMALMOHHbLIA MeTOo4

© 6a3uc maTpuy naoTHoCTM
@ Vyer cummetpuii n cosgaHue basuca
@ VYMmHOxXeHune semeHToB basnca

© Vpashenne LLpeaunnrepa s suge Hp = Ep

e KBaApaTn4Hada napamMeTpusaymsa n nONCK MUHUMYMaA
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OueHKa 3HepruM 0CHOBHOIO COCTOSIHUSI CHU3Y

Cuctemsbl ¢ raiizeHOeproBCKiM B3aMMOAENCTBIEM

Tunuynblii NlamunsTOHMAH:

> (oio))

<ij>

< I,J > - COCEfHUNE YaTuLbl B PELLETKE

CkansipHoe npomsBeaeHue:

(0d103) =(0301) =07 ® 1, R0§ ®14® 15
CmelaHHOe npousBeseHue

(010304) =T x 0 @1, ® 03’8 ®o] ®1s
o, B,v €{x,y,z}
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OueHKa 3HepruM 0CHOBHOIO COCTOSIHUSI CHU3Y Yepes 3HEepPruio OCHOBHOrO COCTOSIHUSI MoACUCTEM

OLI,eHKa HEpPE3 SHEPTNO OCHOBHOIO COCTOAHUA NOACUNCTEM

H:ZH,- = Egs>ZEgsl_
1 1

} Jlns KBagpaTHOI peLIeTKM, KOTOPYHO
MOXEM 3aMOCTUTb O,quHaKOBblMVl KJ'IaCTepaMVI:
2
Egs/N > MEgSC
rae Egs/IN - sHeprusi OCHOBHOTO COCTOSIHUS PeLUETKU, NPUXOASLLAsCS Ha 1
CNWnH

M - 4ucno cesizeii B Knactepe
Egs. - 3HEPrMsi OCHOBHOrO COCTOSIHUS KnaTepa

[3 R. Tarrah, R. Valenti (1990)

Exact lover bounds to the ground state of spin systems: The two-dimensional
S = 1 antiferromagnetic Geisenberg model

Physical rewiew B, 1990.
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OueHKa 3HepruM 0CHOBHOIO COCTOSIHUSI CHU3Y 4Yepes BapuaLMOHHBbIA MeTopf

OueHka yepe3 BapuaLMOHHbI METO[,

[nsi kBagpaTHOli peLueTkn, KOTOpYHO
MOXXeM 3aMOCTUTb OAWHAKOBBIMMN KAacTepaMu:

} 2
Egs/N > o n;!:n tr Hepe

roe Egs/N - DHEprusi OCHOBHOIO COCTOSHUS

cucTeMBbI, nNpuxogawascs Ha 1 cnux

M - yuncno cesaseii B knacTepe
Hc, pc - raMuabTOHMaH U MaTpULa NJIOTHOCTU KnaTepa

[4 David A. Mazziotti
Advances in Chemical Physics, Reduced-Density-Matrix Mechanics: With
Application to Many-Electron Atoms and Molecules
Volume 134. Wiley-Interscience, 1 edition., 2007.

®ununn VYekos (Ckontex) Anrebpaunyeckne npeobpasosaHua o-mat 2 pekabpsa 2017 r. 5 /20



6asuc mMaTpuLl NnoTHOCTMN Vuer cummeTpuii n cospaHune 6asuca

VueT cummeTpunii 1 cospaHue basuca

T.K. raMuibTOHNaH obnagaetT BpaliaTeNbLHOW CUMMETpUe, To MaTpuua

NAOTHOCTWN TOXE AOO0JIXKHa 6bITb BpaWlaTEe/NbHO UHBAapPUAHTHA
a 3HAYUT JOJPKHA COCTOATb U3 CKaJISIPHbIX U CMELWaHHbIX
npon3ssBeaeHnii o-MaTtpuy,

T.K. raMuabTOHNaH obnagaeT cummeTtpueli obpauieHust No BpeMeHn

T[Hl=H,n Tlo] = —0o
TO MaTpuULA NJOTHOCTW AOJIKHA COCTOATb TOJMIbKO U3 CKaJSIPHbIX
npon3sBeaeHnii o-MaTtpuy,

1
p= o (1 + a,"J'(O','er) + b,',jyk,/(O','O'j)(O'kO'/) + )

Take MOXXHO BBECTN CKaNsipHOE NPOW3BEAEHME HA 3TOM basuce:
(A, B) = trAB, At = A, tr(a® b ® c) = (tra)(trb)(trc)
Toraa 6asnc MOXHO Ha3BaTb OPTOroHaNbHbIM (NOYTK)
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6asuc mMaTpuLl NnoTHOCTMN Vuer cummeTpuii n cospaHune 6asuca

JlnHelinas HE3aBNCUMOCTb 3/1eMEHTOB baswuca

(102)(0304) (0103)(0204) =3 — 2(0102) — 2(0103) + 2(0104) + 2(0203)—
—2(0204) + (0103)(0204) — 2(0304) + (0102)(0304)+

+i(o10203) — i(010204) + i(010304) — i(020304)

(0103)(0204)

(0104)(0203)

(0102)(0304) ((AA) (AB) (AC)) (

A=
B
C
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6asuc mMaTpuLl NnoTHOCTMN Vuer cummeTpuii n cospaHune 6asuca

JlnHelinas HE3aBNCUMOCTb 3/1eMEHTOB baswuca
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6asuc mMaTpuLl NnoTHOCTMN Vuer cummeTpuii n cospaHune 6asuca

JlnHelinas 3aBNCUMOCTb 3/1eMEHTOB basuca

0102) 030405
0103) (020405 8 6 -6 6 6 -6 6 0 0 0
7104)(020305 6 18 6 -6 6 0 0 -6 6 0
-6 6 18 6 0 6 0 -6 0 6
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6asuc mMaTpuLl NnoTHOCTMN VMHoXeHMne anemeHToB 6asuca

aJITOPUTM CUMB. YMHOXEHNA HEPE3 TOXKAECTBO ﬂaynm

peann3soBaH Ha wolfram mathematica n nikhef form
BXOAHbBIE N BbIXOAHbLIE AAHHBIE 3a4aI0TCA B BUE:

(U;O’j) = d(i,j) (cr,-crjcrk) = t(i,j, k)
(nogpasymeBaeTcsl, 4TO pa3Hble CMNHOBBLIE UHAEKCHI HE MOTYT BbiTh paBHbI)

Q d(i,j) = o(i,a)o(i,a)  t(i,j, k) = (o, B,7)o(i,@)a(j, B)o(k,)
© o-maTpuubl C pa3HbIMU CMUHOBLIMU WHOEKCAMU KOMMYTUPYIOT, Tak
4TO Mbl MOXEM UMX CTabuIbHO OTCOPTMPOBATL: HaNpUMep

(o(1, 1) (3, 1))(o(1,a)o(3, B)a(6,7)e(a, B, 7) =
= 0(17 K, 04)0’(3, s 6)0(67 ’7)5(047 B, '7)

Q o(i,o,B,7) =0f 0507 Tenepb MOXHO NpPUMEHMTb TOXAECTEO [Maynu:

oli,a, B,7,...) = da, B)a(i,,...) + ic(a, B, w)o (i, w7y, ...)

O Tenepb BCce 0-MaTPULLbI KOMMYTUPYIOT, MOXKHO YNpPOCTUTb § 1 €
cumeonbl u Bolgenuts d(i,j) n t(i, j, k)
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6asuc mMaTpuLl NnoTHOCTMN VMHoXeHMne anemeHToB 6asuca

dJIbTEPHATUBHbIE ©a30Bble COOTHOLLEHMS

KOTOpble MOXXHO NPUMEHbITb PEKYPCUBHO:

(6102)? = 3 —2(01037) (1)
(o102)(0203) = — i(010203) + (0103) (2)
(0102)(010203) = — (010203) —2i(0103) + 2i(0203) (3)
(010203)(0102) = — (010203) +2i(0103) — 2i(0203) (4)
(0102)(020304) = (010304) — i(0103)(0204) +i(0104)(0203)  (5)
(020304)(0102) = (010304) + i(0103)(0204) — i(0104)(0203)  (6)
(610203)° = 6 —2(0102) —2(0103) —2(0203) (7)

(010203)(010204) = +i(010304) + i(020304)
—(0103)(0204) — (0104)(0203) +2(0304)  (8)
(010203)(010405) = — i(0102)(030405) + i(0103)(0204075)

+ (0204)(0305) — (0205)(0304) 9)
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VpaBHeHue LLipeaurrepa B Buge Hp = Ep

VpasHenne LLpeantrepa 8 suge Hp = Ep [2]

PaccmoTtpum npumep u3 3 yactuu,
H = (o1,02) + (02,03)

lamunbToHMaH obnafaeT AONOAHWUTENBHOW cummeTpuei: 1 <> 3

p= (]_ + a((g-L 0'2) + (0’2, 0'3)) + b(o'la 03))

|

& Lychkovskiy, Oleg and Gamayun, Oleksandr and Cheianov, Vadim (2017)
Time Scale for Adiabaticity Breakdown in Driven Many-Body Systems and
Orthogonality Catastrophe
Phys. Rev. Lett. 119, 200401 (2017).
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VpaBHeHue LLipeaurrepa B Buge Hp = Ep

NpuMep C TpeMSA YacTuLamu

Hp = %((0'1, 03) + (02, 03))(1 + a((01, 02) + (002, 03)) + b(er1, 03)) =

= *(63%—(1—}-b—28)(0’1,0’2)+2a(0'1,0'3)+(1—|—b—23)(0’270'3)) =

1
= §(E + Ea(o1,02) + Ea(oz,03) + Eb(o1,03)) = Ep

noJly4aeTcs cuctema us Tpex

Pewetne:

KBaApaTHbIX YPABHEHUNA
6a—E=0 a _% a=>0 a:%
1—-2a+b—aE=0 b=3 b=-1 b=3
2a—bE=0 E=-4 E=0 E=2
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VpaBHeHue LLipeaurrepa B Buge Hp = Ep

[Mprmensiem anst knactepa

solveShredinger[d[1, 5] +d[2, 5] +d[3, 5] +d[4, 5],
(1+als(d[1, 5] +d[2, 5] +d[3, 5] +d[4, 5]) +a2% (d[1, 3] +d[2, 4]) + a2+ (d[1, 2] +d[2, 3] +d[3, 4] +d[4, 1]) +
blx(d[1, 3]%d[2, 4]) +bls (d[1, 2] #d[3, 4] +d[2, 3] +d[1, 4]) +
b3x (d[1, 5]%d[2, 4] +d[2, 5] xd[1, 3] +d[3, 5] +d[2, 4] +d[4, 5] #d[1, 3]) +
b3x(d[1, 5] %d[3, 4] +d[2, 5] xd[4, 1] +d[3, 5] #d[1, 2] +d[4, 5] *d[3, 2]) +
b3x(d[1, 5] %d[2, 3] +d[2, 5] xd[3, 4] +d[3, 5] +d[4, 1] +d[4, 5] #d[1, 2]))

. {al, a2, b1, b3}] // TableForm

5 ypasHesMi

12l - energ = 0
1-2al+3a2-alenerg=0
2al+10b3-aZenerg =0
4b3 -blenerg =0

a2 +bl-2b3-b3energ = 0

Out] 2
al -1 az 5t bl 2 p3s- energ —+ -6
2 2 o 1
1 5 1 Lot N 3 -
als-f  a2s-! bis-l 3ol energ s -4 1 5 3
also0 azﬁ-—i blﬁ-i B30 energ 50
alsi azs-1 b1s-1 h3ﬁ~—ﬁ energ s 2 4
a1t az ot bl 2 b3 L energ - 4
2 2 s s

Ege/N > —3
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VpaBHeHue LLipeaurrepa B Buge Hp = Ep

AnropuTm reHepaunu p

... C Y4ETOM CMMMETPUIi raMuUibTOHMAHa - Obln peann3oBaH Ha wolfram
mathematica

£ho8 = thoGen(8, (swapToPern ({12}, 8], swapToPerm[(2 3}, 8], swapToPern[{1+6, 257, 348, 45}, 81}] ]

(411, 2] +d[1, 3] +d[2, 3] +d[§, 7] +d[§, 8] +d(T, 8]) &y + (d[1, 4] +d(2,
(411, 4] ai2, 37475, & 1-ar1, 31di2, &) 4[5, 8] A6, 7] <d[1, 2]
, 21413, 41 ars, 8] +d[1, 4] d[2, 3]4d[5, 6] d[7, 8] +d[1, 3]
bs, be, by, b, bs, buo, bu, biz, bus, bus, €1,
&, dy, ds, de, G013

di3, 4] +d[S, €] +d[5, 7] +dl5, 8]) az+ +
8]4di6, 7] +d(1, 4] A[2, 3] 4[5, T] d[6,
~dai1, 21473, 4] s, 61407, 81) s,

=d[1, 3] d(2, 4] 4[5, 7] d[6, 8] +

. 21, 2s, a5, by, bz, bs, by, 1, Ca, S5, e, Co, G, Cs, Cio, Cu,

12, €13, Cia, Cis, Cie, Crr, i Gz,

lergeoutput | showless  showmore | showall  setsize fimit..

solveshredinger[d[1, 4] +d[2, 4] +d[3, 4] +d[4, 5] +d[5, 6] +d[5, 7] +d[5, 8]
, 1+rho8[[1]], rhos[[2]]] // TableForm

 Equations may not give solutions for all “Solve” variables, 3
B (1s (-1-27¢s (1+27 e
energ -+
energ -3
energ 5
energ 7

energs-1-2v2

d =0 energs-1-2

g =0 energ=s-3-243
energ s -3:243
energ+-3-215
energ s -3:24/15
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KBagpaTu4Hasi NnapameTpusayusi 1 NOUCK MUHUMYMa

KBazpaTnyHasa napameTpu3sauns

Ins noucka min, trHepc 4TobBI yaoBNETBOPUTL TpeboBaHUSM

pc >0, trpc=1, pi:pc

NCNONb3YETCA KBagpaTuU4dHada napaMeTpusauma

72

Pe = 12

& N.Ilin, E. Shpagina, F. Uskov, O. Lychkovskiy

Squaring parametrization of constrained and unconstrained sets of quantum states.
arXiv:1704.03861.
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KBagpaTu4Hasi NnapameTpusayusi 1 NOUCK MUHUMYMa

NpuMep Bap. MPWHLMMNA U KB. MapamMeTpu3auum

C YY4ETOM CUMMETPUIi peLueTKu

2
T=1+4+
1 s 3
ai((o1,05) + (02,05) + (03,05) + (04,05))+
a((01,03) + (02,04))+ 1

a3((01,02) + (02,03) + (03,04) + (04,01))+
bi((1,05)(02,03) + (01,05)(04,03) + (02,05)(03,04) + (02,05)(01,04)+
+(03,05)(04,01) + (03,05)(02,01) + (04,05)(01,02) + (04,05)(03,02))+
by((01,02)(03,04) + (02,03)(04,01))+
b3(o1,03)(02,04)+
bi((01,05)(02,04) + (02, 05)(01,03) + (03, 05)(02,04) + (04, 05)(01,03))
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KBagpaTu4Hasi NnapameTpusayusi 1 NOUCK MUHUMYMa

NpuMep Bap. MPWHLMMNA U KB. MapamMeTpu3auum

(24a; — 24a} 4 24a1a, + 48a1a3 + 48axby + 192a3b; — 192b7 + 192b; by +
48b1 b3 + 72arby + 48a3by — 96b1 by + 48by by + 72b3by — 72b£)

trHepe =
ePe = T 1027 + 623 + 1222 + 9667 + 24b2 + 12bybs + 9b2 + 48by by + 3617

a; — —0.5, a, — 0.333333,
NMinimize — { —6., a3 — 0.333333, =  Eg/N>-3
by — —0.1, by — 0.0666667,

bz — 0.0666667, bs — —0.1

Te xe pesynbTathbl bbIAM NoNyyeHbl Yepes ypasHenue LLpeaunrepa.
Mbl oxxngaem, 4TO 3TOT MeTOA npee3olifeT meToq 4Hepes VLLI.
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KBagpaTu4Hasi NnapameTpusayusi 1 NOUCK MUHUMYMa

JlntepaTtypa

(& N.Ilin, E. Shpagina, F. Uskov, O. Lychkovskiy
Squaring parametrization of constrained and unconstrained sets of quantum states.
arXiv:1704.03861.

@ Lychkovskiy, Oleg and Gamayun, Oleksandr and Cheianov, Vadim

Time Scale for Adiabaticity Breakdown in Driven Many-Body Systems and
Orthogonality Catastrophe

Phys. Rev. Lett. 119,200401 (2017).

[3 David A. Mazziotti

Advances in Chemical Physics, Reduced-Density-Matrix Mechanics: With
Application to Many-Electron Atoms and Molecules

Volume 134. Wiley-Interscience, 1 edition., 2007.

@ R. Tarrah and R. Valenti

Exact lower bounds to the ground-state energy of spin systems: The
two-dimensional S = % antiferromagnetic Heisenberg model

Physical review B, 1990.
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KBagpaTu4Hasi NnapameTpusayusi 1 NOUCK MUHUMYMa

Cnacunbo 3a BHUMaHMKe

®ununn VYekos (Ckontex) Anrebpaunyeckne npeobpasosaHua o-mat 2 pekabpsa 2017 r. 20 / 20



	    
	    
	  

	  
	    
	  

	    H=E
	    

