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Born: 16 May 1821 in Okatovo, Russia
Died: 8 Dec 1894 in St Petersburg, Russia

“To 1solate mathematics
from the practical demands of
the sciences Is

to invite the sterility of a cow
shut away from the bulls.”
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__—®— Nano Quantum Systems

IS a fertile field where cows meet bulls
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FIG. 1. Imagimary part of the diclecinie function of
nanocrystalling/amarphous mixed-phase Si with (L, .L}= (7} {5, 6}
(i) {7.8) (i) 10,020, (ferd {8,128, and (o) (7,10} inside the nano-
crystalline region, Zero points of the v axis are shifted, as shown by
the horzomal lines. The peaks discussed in the text are denoted by
the armows,

S.Nomura et al. PRB56, R4348 (1997)
S.Nomura et al. PRB59, 10309 (1999)
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FIG. 2. L, dependence of peak positions in e, of
nanocrystalline/amorphous mixed-phase Si inside the nanocrystal-
line region for models with L-Le fixed to a, (@) L fixed to 12a,.
(Ch: {L,. . L}={7.9} (+): {7.10} (A); and {79}R (EH). A best-fitted
curve following an empirical scaling law of L"ﬁ'“t is shown by a
dashed curve for models with fixed L. The size dependence of peak
positions in £+ of hydrogenated Si nanocrystallites is also shown

(£ ) with a best-fitted curve following L 'Y,
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Algorithm for Linear Response Functions at Finite Temperatures: Application to ESR
Spectrumof s = %Antifermmagnet Cu Benzoate

Toshiaki Titaka® and Toshikazu Ebisuzaki
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FIG. 1: ESKH spectra of normal polarization, {7({w], calculated
with 3 = 2 ~ 16, H. = 10, N.gpin = 16, n = 0.01 and
Niandg = 6. 5 and B stand Tor spinen excitalion aned Tirsi
breather excitation, respectively.
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Ke[V15A5:0,,(H,0)] or V15

Bull3:

. . Sakon et al. (2003),

Ajiro et al. (2003).

L_ine width, Line shpae, Intensity
and DM/DD interaction.

. :Machida et al.
(cond-mat/0501439)
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X 5, (@) = CZv: {<VBC><CAV> <V‘A C><CBV>}
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6B(t) =2Im(®|G(E, — H)e ™

Ble™0(H - E,)A0(E, - H)|®)

1o (@+in) = <<_T[ dt e*i(“’+i’7)t5B(t)>>

T.litaka et al., Phys. Rev. E56, 1222 (199/)
T.litaka et al., Phys. Rev. E61, R3314 (2000)
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Alw)=A Exp[-iHt]JA ©(Ef-H)|® ﬂB(w)
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T.litaka et al., Phys. Rev. E56, 1222 (1997)
T.litaka et al., Phys. Rev. E61, R3314 (2000)
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T.litaka et al., Phys. Rev. E56, 1222 (1997)
T.litaka et al., Phys. Rev. E61, R3314 (2000)
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& Definition with basis set

@)= lnel

% Statistics of random coeffluents

()= im-L3 e = s, (£:.)) = (e.) -0

% Trace e
([ @lo) )=3 (o) S tn){s:c.-o.,)

N
= Z <n ‘A‘ n> =1Tr [A] Detailed error analysis:
n=1 A.Hams and H.de Raedt, PRE62, 4365 (2066)
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PE,) = 0(Ey — H)|D).
I(I)Ef> — Z |E*ﬂ->CTL!

E'n EEJ.

Q)
Q) for X>0
Q) 0 for X<0
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6B(1) = 2 Im(®g, e Be "' 9(H — Ef)A|®E,).

&

T
XBA(w + 1) = << f dt e+""’(“"””“‘55’(t)>>,
0

T.litaka et al., Phys. Rev. E56, 1222 (1997)
T.litaka et al., Phys. Rev. E61, R3314 (2000)
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1 Ny
f(x)= EclTo (x) + ZCkal (x)

Cr :izk:f(xz)Tk—l(xz)

N, =
“_ 0 N
' ZTi(xk)Tj(xk):<m/2 i=j#0
k=1 L
m i=j=0

\

Where x,are the k-th zero of T (x) and i,j < m
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1 Ny
f(H) EEQTO(H)+ ZCkal(H)

2
Cr :FZf(xl)Tk—l(xl)

H, [-1,+1]
To(H)=1
T.(H)=H
T,(H)=2H* -1

Tw(H)=2HT,(H)-T _(H) (n21)



Exp -/3H

%
e = 1,(B)+ zgfn ()T, (1)
%
Z=Trle "]
%

(A)=Tr|Ae |1

R.Kosloff and H.Tal-ezer, Chem.Phys.Lett. 127,223 (1986).
R.N.Silver and H.Roeder, Internatnl. J. Mod. Phys.C 5,735(1994%4



Exp -IHt

e = Jy(0)+ 23 (), (O, (1)

ity +0) = 1y) = Ty (O] uto) + 22 (-, OT, (ED)] 1)

H.Tal-ezer and R.Kosloff, J.Chem.Phys. 81,3967 (1984).
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&
H=A4+B
‘¢,t+At> _ e—iHAt‘¢’t> _ e—iAAt/Ze—iBAte—iAAtIZ‘¢’t>+O(AtB)
For higher order scheme: M.Suzuki, Phys. Lett. A146, 319 (1990)
) B!
El: "

@, 1+ At)=—2iAt H|@,1)+| @, 1 — At)+ O(AL®)

For higher order scheme: T.litaka, Phys.Rev. E49, 4684 (1994)
Fortran Programs
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N.Silver and H.Roeder, Int. J. Mod. Phys. C5, 735(1994).

K.N.Silver et al., J.Comp.Phys.124,115(1996).
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10(8) — 5 lLlOgO + 22 /’lmngm (‘9)
m\Nl-¢ m>1

u, = | deT, () p(e) = 3T, () = Tr [T, (H)]
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FIG. 3. The spectra of the SiygHysy quantum dot. The oscil-
latory broadening is used for both the DOS and OAS, N =500
and &, =20. It takes 3 Cray-YMP CPU hours. (a) Total densi-
ty of states (only one portion of it is shown; the higher end of
this DOS reaches 80 e¥V). The short vertical bars are the posi-
tions of band-edge states calculated in Refs. 3 and 15, The vac-
uum level is at 0 eV. Thus, the DOS above 0 ¢V has contribu-
tions for vacuum and should depend on the total volume of vac-
uum used in the calculation. (b) 4 E), the imaginary part of the
dielectric constant. MNote that €1 E] does not depend on the to-
tal volume of vacuum used in the calculation.

L.W.Wang,PRB49,10154(1994)
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Random Phase Vector

Z Definition with basis set

W)=Y [)E? D =exp(ig?), 4 e [-7,x]
% Statistics of random coefficients

&6=t ((66)= Lim— Lyeoranos,
% Trace o

([ @lfo) })=3-tobn)+ S (ei.-0..)

N
— ;<n ‘ A\ n> =Tr[A4]  T.litakaetal, PRE 69, 057701 (2004). .



e =

Error of Random Vector

# Fluctuation of the trace
K=Y T8 5 W

()=t ) -UZhral+ s |
< Fluctuation is minimum when
<<\<§n\4>> =1, eg. &, =explig,)
Random phase vector

T.litaka et al., PRE 69, 057701 (2004). 50



D
Real Random Vector

& Statistics of real random coefficients

(eh)=0  ({e.e))=a.

& Statistical Error
(o)) =4t )) -1 Shl + 2 el |

nl#n?2
becomes minimal when
E =+1

Random sign vector

T.litaka et al., PRE 69, 057701 (2004).
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Time-evolution Method

< Density of State

pe) = Y oeE,)

= 1Trlm 1

T e—in-H
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g (0. 1) = e—ﬂfr,‘(l)ﬁf)
0¥ 1) = e O(H — Ep) A5, )

o

53



e =

Matrix Function on Vector

Nk
Matrix function: f(H)¢)= %Cl‘ T,(H)¢)+ ch\ T,.(H)¢)

2
Cr :FZf(xl)Tkl(xl)

k [=1

Vector Chebyshev Polynomial:

‘TO(H)¢>:‘¢>
‘Tl(H)¢>:H‘¢>

Tva(H)$)=2H|T,(H)$)~|T,,(H)g) (n21) -
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# Fermi Function

e—ﬂ(H—u)
f(H) - 1_|_e—ﬂ(H—ﬂ)

Ny
= chTk(H)
k=1

Fermi Funtion
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S.Gedecker and L.Colombo,PRL73,122(1994).
S.Gedecker and M.Teter,PRB51,9455(1995).
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ESR Spectrum

‘h"r:?pi-n.
H = ) [Jsi-8j41—gpusH:s7 + (-1 guphs?](1)
==l

HEW it
) = TR (= 0,0) 2
: _ —Buw : S —i(w—in)t
Xpplg,w)=(1—e"" }Imnl_l}]iilﬂ ) die @ =) gt (t)

(3)
gi(t) = Tr [e_ﬁHqueHHtﬂvﬁfge_th] /Tr [e=PH] (4)

{( <(I)BGEtE|MEq€+£Ht|-£14—_|;-fqle_th|<1)BGr{t5> )}I,E)]
(( (q)Boitz I(I)Boit,?.:} )} '

gq(t) =
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