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Outline

e what is a doorway ?

e examples in molecules, nuclel, billiards

e statistics of coupling coefficients, experimental and analytical
e prepared states in quantum information

e exact results on fidelity and survival probability

e realization with atomic interferometry in experiment

e unrelated: supersymmetry without supersymmetry
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What is a Doorway ?

... here comes Naftali Auerbach’s explanation:

— through the doorway you can reach other states
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Anticrossing Spectroscopy in Molecular Physics

doorway mechanism: singlet state |s) couples with matrix
elements V, to background of triplet states |tu)
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FLUORESCENCE LIGHT INTENSITY

shift triplets with magnetic field — resonance fluorescence yield

root mean square coupling V,; enters statistical observables

Pebay Peyroula, Jost, Lombardi, Dupré, CP 102 (1986) 417
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Electric Giant Dipole Resonance

seen in many nuclei, here for Gold (A = 197)
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Fultz, Bramblett, Caldwell, Kerr, PR 127 (1962) 1273
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Strength Function — Local Density of States

cross section contains huge number of individual states
(fragmentation) which cannot be resolved

strength function is related to this: consider state |GDR) with
resonance energy Eqpr and couple many states to it
— density around |GDR)

1 /2
F) = —
QGDR( ) ™ (E — EGDR)2 + F2/4

(Breit—Wigner)

under rather general conditions!

— strictly, one cannot conclude chaotic fluctuations,
but at these GDR energies one certainly expects them

Bohr, Mottelson, Nuclear Structure (1969); Zelevinsky, Annu Rev Nucl Part Sci 46 (1996) 237
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Superscars in a Pseudointegrable Barrier Billiard

ordinary scars “vanish” at high energies, superscars do not !

Bogomolny, Schmit, PRL 92 (2004) 244102
Bogomolny, Dietz, Friedrich, Miski—-Oglu, Richter, Schafer, Schmit, PRL 97 (2006) 254102
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Constructed Superscars

Integrable approximation in Periodic Orbit Channels

/ Inside POC:
T W)~ sin (7 ) sin (732
| // outside POC:
v/ an 2,7 = 0

z families Fe{BB,V,D, W}
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Local Density of States

sum over measured states v, average over m gquantum number

)= (S lonalhos (7 £ 7))

overlap  c¢pn(f,) = (W)
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Modeling the Doorway Mechanism

total Hamilonian H =Hg+Hp +V
one doorway Hgs|s) = E,|s), background Hp|b) = E4|b)
orthogonality  (s|b) =0

coupling  (s|V|s) = 0= (b|V|t)) and (s|V|b) = Vs
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Matrix Representation for Statistical Model

N background states, matrix Hpg, vector V

T
7 Es V
V' Hp

total Hamiltonian has N + 1 states, eventually N — oo

average over random Hpg (mean level spacing D)

1 V2
observables only depend on <V2> — NVTV A= <D )
L . . _ _ (V?) ,
Local Density iIs Breit—Wigner with width  I' = 2x — 927\ D
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Experimental Coefficient Statistics versus Numerics

distribution of squared maximum coefficient ¢? = max (c%w( 1))
distribution of all coefficients ¢, ,.(f,)
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chaotic background, extract the only parameter A = +/(V?2)/D

Aberg, Guhr, Miski—-Oglu, Richter, PRL 100 (2008) 204101
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Analytical Calculation for Coefficient Distribution

maximum modulus coefficient ¢, = max (|cg,|)

distribution  pua(c) = <5(c—cmax)>

Hp,V

for small coupling A, the overlap c,, between the unperturbed
doorway state |s) (at A = 0) and the evolved doorway state |0)
(at A > 0) should be largest

— approximately  puax(c) = po(c) = <5(c— ‘CSOD>HBV

using supersymmetry, we find complicated, but closed form
results

Kohler, Guhr, Sommers, NJP 12 (2010) 073026

Krakow, September 2010



Distribution: Regular and Chaotic Background

regular (Poisson) chaotic (GOE, GUE)

similar for regular and chaotic — safe extraction of A
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Prepared States in Quantum Information

wish to know how well a prepared state can be isolated and
how the unavoidable mixing with the surrounding behaves

maps one—to—one onto doorway mechanism:

prepared state = doorway (no eigenstates!)
surrounding = background, mixing = coupling (statistical)

Interesting objects here: averaged fidelity and survival probability
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Fidelity Amplitude and Local Density of States

fidelity amplitude f(¢) is overlap between time evolved states

(HS + Hp + V)t) ‘S>

exp (—%(HS + HB)t> s) and  exp (—%

for doorway energy E, = 0 we have with ' H = Hg + Hg +V

$16) = (slexp (=) 1) = Y lewexp (3 £t

v

Fourier transform is local density of states

p(E) = 3 JeaPO(E ~ E,)

v
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Fidelity and Survival Probabillity

2

fidelity equals survival probability  F(¢) = | f(¢)]

decomposition in diagonal and off-diagonal part

F(t) = Z ‘CSMP‘CSV‘Q eXp (%(Eu - E,,)t) = IPR + Fuc(t)
JTRY,

“inverse” participation ratio  IPR =) |c, |’

v

E,— F
fluctuations  Fy,.(t) = 2 i lPlea|? a “t
e(t) =23l oo (1)
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Approximations for Averaged Survival Probability

“Drude approximation” gives a Fermi’'s Golden Rule result

P(t) = (F(1)) = ([fOF) = [{(f (1) = exp(-T1)
correction (IPR) = b

I

further approximative correction due to correlations yields revival !

Gruver, Aliagla, Cerdeira, Mello, Proto, PRE 55 (1997) 6370
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Exact Survival Probability and Numerics

supersymmetry for complex (C), numerics for real (R) couplings

1
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type of coupling (R,C) more significant than type of chaos

Kohler, Sommers, Aberg, Guhr (2010); Kohler, Sommers, Aberg (2010)
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Experimental Realization of Quantum Kicked Rotor

atomic interferometry of matter waves in periodically pulsed
optical standing wave

number of kicks NV correponds to time ¢, perturbation strength ¢
to coupling A

Wu, Tonyushkin, Prentiss, PRL 103 (2009) 034101
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Distributions of Fidelity and Survival Probabillity

numerics for (5(z — F(t)))

18r iO:EO; fidelity [ |
16} |
S 12} IE
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GOE baCkgI‘OUﬂd Comparison
stable limit ¢ > 20 fidelity, IPR, ¢*

Kohler, Sommers, Aberg, Guhr (2010)
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Summary and Conclusions

e doorways are ubiguitous in physics

e experimental, numerical and analytical results for
coupling coefficients, fidelity and survival probability

e precise understanding of revival and saturation
e striking difference for real and complex couplings
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appendix:

Supersymmetry without Supersymmetry

Mario Kieburg and Thomas Guhr
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Random Matrix Kernels

kernels of Random Matrix correlation functions given by lowest
order averages of ratios of characteristic polynomials

79z, z,) — Z37(0,0)

Lg — Lp

729 (2, 1) ~ / exp (—gtr H2> (Sjﬁfﬁ :jq))y d[H)

p

~ /exp (—%Stl” 02> sdet 7N (¢ — 27 )d[o] with
Y

2x2(6=2),4x4(8=1,4) supermatrix o

K.i(\?)(quxp) ~ Im

Gronqvist, Guhr, Kohler (2004)

Borodin, Strahov (2006): arbitrary order, factorizing probability
density yields determinants/Pfaffians in terms of Zfﬁ)(a:p, T,)
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GUE Correlation Functions with Supersymmetry

2k x 2k supermatrix model, eigenvalue—angle coordinates

Ry(xy,...,xp) = /d[s]Bk/k(s) exp (—str (s — z)?) sdet (s —27)

.. . 1
Berezinian (Jacobian) By i(s) = det [ : ]
Spl = 152 1 p g=1,... k

.....

IS the reason for k£ x k determinant structure

Ry(xy,...,z) = det {K](\?)(a:p, xq)}

but: GOE and GSE remained unsolved in this way

Guhr (1991)
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Supersymmetry without Mapping onto Superspace

~

N
factorization P(F) = || P(E,), example: Hermitean matrices

zut) = [ P ] Sl

- / I1 ﬁ(En)l‘[Ef"b_’““p2 A% (E)d[E]

Vandermonde determinant

Av(E) = ][(B.— E) = det [E,7], )y

.....

n,l
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Berezinian (Jacobian) in Hermitean Superspace

k eigenvalues s,; In bosonic sector,
m elgenvalues s, In fermionic sector

s = diag (317 32) = diag (811, ceoy Skl S125 - - -y 5m2)

Berezinian is By, (s), for m > k we find

_ | -
A A,
Biym(s) = H(51) Am(52) = det L‘pl - quL—l ..... kqg=1,..m
Hp,q(spl o Sq2) [Sp_l]
i 92 lg=1,...m,p=1,...m—k |

this is a m x m determinant !
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Integrand Is Ratio of Berezinians

crucial identity

ﬂ ﬁ En — p | (E) Bi(k)  Brpran(k, E)
N —
ne1 p—1 En — Rp1 Bk/k(li) Bk/k(li)

makes integral elementary

ziw) = | 1_1115<En>3 k/gZZEZ’)E)AN(E)d[E]

1 Al n—1
— Bon() /EP(En)En Byjryn (K, B)d[E]
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Supersymmetry Implies Decomposition Formula

straightforward reordering of determinants gives

Zy(k) = ! det [Zl(l{pl’ l{qQ)]
Bk/k(ff) Rpt —Rq2 ] =1,k

e reminiscent of Wick theorem: 1 x k — k x 1
o 71(kp1, kq2) €Xplicitly known in terms of P(E,)
e specific form of P(E,) never used

e clear separation of algebraic and analytic features
e applicabllity is very general

Kieburg, Guhr, JPA 43 (2010) 07520; Kieburg, Guhr, JPA 43 (2010) 135204
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Some Matrix Ensembles Yielding Determinants

matrix ensemhble

Hermitian ensemble

probability density P
for the matrices

P (tr H™ m € N)

matrices i the
characteristic
polynomials

H

probahility density

=
)

gl

¥
Plx)dly)

[57, 31, 62,32, 34, 35 H = Ht
circular unitary ensemble Ptr U™ . m c N) [/ and L7 Ple¥id{r—1)
(umtary group) 0 = 1y

[37, 63, 14, 13, 38, 20, 64, 21

Hermitian chiral (complex
Laguerre) ensemble
[65, 66, 67, 7

PI:’.TI,.'L*F'IN.TH € )
A 15 a complex
N x M matnxwith N < M

Gaussian elliptical ensemble

(9. 10, 11, 36}; for v=1

complex Ginibre ensemble

exp iL_ L D o 1 |
(r—1) :
* BXp \‘-—I' 5 Re HHE]

H 15 a complex matnx; v >0

H and H

f b 2 i
exp | —7" (8" @ + 7 cos” )

Gaussian complex chiral

ensemble |12

EXP '_— br AT A — ErHiH:

C =24 +pB
D =AY + uB?

A and B are complex N x M

matrices with N < A

1 and DICT

K M-N - S G &
L.I“_

§ (1 — )
¥exp | ——=—rcosg
P\ s
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Some Matrix Ensembles Yielding Pfaffians

matnx ensemble

probability density F
for the matrices

matrices in the
charactenstic

polynomials

probability
densities g zy, )

and g{2y, za)

probability
density h(z]

real svinmetnc matri- Ptr H™ . m e N) H Piz ) Plza)x Pix)d(y)
ces |31, 24, 18| H=H"=H* 8y )840 (xn — 1)
circular orthogonal Pitr U™ m € M) [7 and U1 P} Ple¥?)x P{e)d(r—1)
ensemble [4 (7 = 1n and O(ry — 1)d{ra — 1) x
uT'=u XB (s — 1)
real symmetric chiral P (tr{ AAT)™ . m c W) AAT Pxq)Plza)x Px)a{y)cl—12
[real Laguerre) Amsareal N x M x{pyre) ¥y
ensemble matrix with ¥ (yy )0 yq)O(xq — 1q)
|21, 32, 33, 34] vr=M-NZ=0
“ - . - I.T | ] :I T T 5] s, .
Gaussian real elliptical | exp [— Tt HT H-! . H H EXp !L—TJ'}-'l b expl—7r )d(y)
= z i={1.2}
e . [T— 1) a GTE BT M
enzemble; for 7= 1 X exp | —-—; tr H xyf erfe(y/ 21 + 7)y;) x
real Ginibre ensemble H = H* * Ay )y )0 13 — o H
(10, 15, 35, 16, 36, 25 =0 F2ud (21 — 2318 )|
[37, 38, 23
exXp i— tr AT A — tr H."rlﬂ] ' H exp | —2n-z;| % " exp |[—2n_1] %

Gaussian real chiral
ensemble (9. 30|

C=A+uB
D= —AT 4 4B
Aand B are
real NV = M matrices

M—-NZ=0

with v

J={1,2]
gl s £ 2z )
* |8y )8 ya)B(za — T4 H
B2 (2 — za 160 )|

X Ky pa(2ner)dy)
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