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Preliminaries

@ Mean Density Function: {z} Eigenvalues of A
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Quantum Chaotic Scattering

Preliminaries

@ Mean Density Function: {z} Eigenvalues of A
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@ Singular Values:
@ N x N Complex Matrix A= Uy/GV
o /G = diag(,/Tr, . - -, /n) > 0 Eigenvalues of vAAT
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Introductions A Question by H. Weyl

Quantum Chaotic Scattering

Weyl's Question

@ Weyl (1949) and Horn (1954)
Complex Matrix A with Prescribed Singular Values {,/Gi},
Eigenvalues of A?
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Quantum Chaotic Scattering

Numerical Simulations

Figure: 100 samples of matrices with Figure: Density Function in 3D
VG = diag(1,2,3,4,5)
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Quantum Chaotic Scattering

Histogram
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Figure: 5 x 5 matrices A with singular value /G = diag(1,2,3,4,5)
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Introductions A Question by H. Weyl

Quantum Chaotic Scattering

@ A System rep. by Chaotic Map embedded in Outer World
Chaotic Region with M Open Channels

@ A=UV1-77, 71 Nx M, M <N, 7j = 7
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Methodology

o A=UVGV
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My Work Examples

Methodology

o A=UVGV
@ Starting Formula, Y. Fyodorov and H-J. Sommers, 97

. < () ) >
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@ Gaussian Integral over Graded-Vectors
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SUSY Colour-Flavour Transformation

@ Gaussian Integral over Graded-Vectors
@ Supersymmetric Colour-Flavour Transformation

[auespi [dias + A | = [DQQ exwi [71Qu} + 03hQu)
2 x 2 graded matrices Q, Alll|Alll

_ {9 m = [ O o1
Q_<772 Qf>’ Q_<02 —Qf>

o € U(1,1)/U(1) x U(1) = H? and ¢ € U(2)/U(1) x U(1) = S?
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SUSY Colour-Flavour Transformation

@ Gaussian Integral over Graded-Vectors
@ Supersymmetric Colour-Flavour Transformation

[auespi [dias + A | = [DQQ exwi [71Qu} + 03hQu)
2 x 2 graded matrices Q, Alll|Alll
_( % ™ S G o1
Q_<772 Of >’ Q_<02 —Qf>
o € U(1,1)/U(1) x U(1) = H? and ¢ € U(2)/U(1) x U(1) = S?

@ Analytic Continutation
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Examples

A Statistical Answer

@ Averaged Eigenvalue Density Function |
4> <o <@ <o

N
p(1Z)=14 ; FA(G) O < <Gk <|Z* <01 < < On
i—k+1
0 O <G <on<|Z?
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Definition of Notation

Fa(gi) a Symmetric Function of G\ g

N—1
1 _ _ 1
Fa®) = (@~ B2y [l (N - 1 jz?]

11 (- ) =
J:

_ (G — )™ 7 Nt L 9

=7 /0 (1+t)N+2 det( 1+ |Z|ZG[I] N—-t+ |Z|2(Nt—1)
11 (G —9)
]:
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Degeneracies

@ When G Has Degeneracies

G:("'7[gk17"'7gk1+i1]7“‘7[gks7“‘7gks+is]7"')

2\N—2  N-1 —2(141)
— |z z
kf1g N| 2 Sk, k+n]| |C'
N—1

(9—g) ="

j=1 j=k+ti+1

lg+ (N—1-1)z?

i n i—n
[kii] def (—) d [ ]
Fuo (Gk+n)
; ( )‘ dgk+n o
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Check Special Cases

@ Truncated Unitary Matrix: A=U+/G, G = diag(Oly, In_wm)
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Check Special Cases

@ Truncated Unitary Matrix: A=U+/G, G = diag(Oly, In_wm)

d \M1—|zN
2 o2\M-1
i) (1- 22" (55 ) T

K. Zyczkowski and H-J Sommers 2000
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@ Truncated Unitary Matrix: A=U+/G, G = diag(Oly, In_wm)
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K. Zyczkowski and H-J Sommers 2000

@ Rank-1 Deviation from Unitary: A=U/G, G=diag(g;,gIn_1)
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Check Special Cases

@ Truncated Unitary Matrix: A=U+/G, G = diag(Oly, In_wm)

d \M1—|zN
2 o2\M-1
i) (1- 22" (55 ) T

K. Zyczkowski and H-J Sommers 2000

@ Rank-1 Deviation from Unitary: A=U/G, G=diag(g;,gIn_1)

2 \N=2
p(j2P) = H =9 QN—me+w*m>

(9—g)N-|zN
N—2
+ ) UIN=2-Kg+kai] g¥|z2*N1- k>>
k=0

Y. Fyodorov 2001
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Compare with Numerics
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Figure: 5 x 5 matrices A with singular value /G = diag(1,2,3,4,5)
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Summary and Outlook

@ Reference, YW and Y. Fyodorov, JPA 08.
@ Large N limit?
@ Phase Transition?

@ U €COE, Mean Density Function of U+y/G?
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Thank You for Your Attention!
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