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Microscopic Theory
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Hermitean Random Matrices

Off-diagonal elements:
I -1
) + 7 Random(0, —)

A = Random(0, — | ——

V1i<j<k<N

Diagonal elements:

A,; = Random(0, —)

— —
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Gaussian distributed



Eigenvalue spectrum of random
matrices
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Eigenvalue Spectrum of random
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Wigner’'s Semi-Circle Law

Limiting distribution of eigenvalues
of random matrices

f@) = £vVI—a?

If X is standard semicircular distributed:

<X2n—|—1> — 0
(X2 = 731 (%) = Cn

Lit: E P Wigner, Ann. Math. 62 (1955)
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Freeness
In the limit of large random matrices:

_my /TN 1 /7 My /g s
<(=t- — (™) (" = y") e (W =y ;)> =0

\ £\ YD y e y 2 \
E. g.: (ryry) = {:‘::‘2; ()~ + 5:1?}2{;_1;2; — {x) {ny

(For free probability theory see, e.g., Voiculescu, Speicher) "




Qubit in random environment

Hamiltonian of the coupled system:

s4+x Ay
Ay T

h =

X, Y. Hermitean random
environment operators
A. coupling constant
€. gap between ground and excited state
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The Initial condition

Qubit decoupled from environment:

Po =

M1

| P21

M2

22

< - — 2
p11 = 0, p11 + pe =1, pay =Pz, and ‘ﬁlQ‘ < L1122

Equivalently:

Po =

1
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Bloch vector
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Time evolution

U(t) = et
@ Numerically carry out for sample H.
@ Apply to p(0)
@ Environment at infinite temperature: 1p.n
@ Trace out the environment.

_( ,1(0) p12(0) )
P0) = ( p21(0)  p22(0) ) SRUEL
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Reduced dynamics of the qubit

<T1 (pou(t)T TE(ZL)T)>

In the interaction picture:

te (Te(po US( UM TU) Ug(t)) ) =: Trp(t) 7
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Realizations of reduced density

matrix
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Long time limit
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Dyson expansion

h = hg+ Ap
For an observable a of the total system:
ug (t) u(t) au' (t) uo(t)

t
—a + (i)) /dsl [Pt_sy,a] + -+

0
t 81 Sn—1
v ﬁ ﬁ | | .
+ (M) /d-ﬁ:l / dsy- - / dSy, Pi—oys [Por—sas e« [Pory—sns @]+ 1
Jo Jo 0

Freeness: o o
exor(ionyy = L [ e ST e _ J1(25)
| > \exp(zsx)) = — _.jf Cva—("e” = .

ETI— 5 20

-



Reduced density matrix

(1 =0%)/2)

t N T27e

: ) Ccosl=x)J4(2x)

1— 2)&'—/ dae (t — o) <2 -L 1)
0 £

P22

i—L t t i N ) F N
™ §A4 / dxy / dxo (t —x1) (t — x2) {C'.D:-_a(f[;lfl — x2))
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Dyson versus exact

P12 6t order




Asymptotic values
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Ongoing studies

Analytical solution
Extended models
Physical applications

Lit: I. Akhalwaya, M. Fannes, F. P. (almost
submitted)
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Thank you!
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