





Let dim(H)= N x N

define random H = U Ho U',
with U = random € U(N), by Haar measure

Ho has 1 “gutscale” eigenvalue,

case 1 N—1 “small” eigenvalues O(1)

What are generic features of
- random submatrix Hpp 7?



random projectors P+Q=1,
P2=P, Q*=Q, PQ=QP=0.

dimensions dim P+ dim Q=N

Random subsystem “P" (dim P)
has Hamiltonian Hpp = PHP

In the diagonal frame of Hpp we have
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random gut—Hamiltonian in random frame

typical Hij ~ 0 £+ O(Eqw/N), i #j
diagonals Hii ~ O(Egu/N)

Abs[Hj] shown;
Egut= 1 03

Three dimensional plot of random matrix elements |H;|. One
eigenvalue Eq4=103 remaining eigenvalues random (0,1)



Observation 1, case 1:

If H has 1 gutscale eigenvalue, ALMOST EVERY random
submatrix Hpp has P—1 small eigenvalues, plus 1 large one

exact evals= 0.586, 0.231, 0.219, 0.161, 0.119, 0.109, 999
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4x 4 evals = 0.300463, 0.183553, 0.118482, hierarchy !



Choose Any of an Infinity of Subspaces

If H has 1 gutscale eigenvalue, EVERY random submatrix Hpep
has P—1 small eigenvalues, plus 1 large one

3 3 evals = 0.155178, 0.286777(428.725 )

™

same hierarchy !
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hierarchy !

hew 4 x 4 evals = 0.366832, 0.194968, 0.142922(570.548
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there's almost always a hierarchy:
highly bimodal distributions on any dimension

small eigenvalue
distribution

Egut=1 03

0.0015

large eigenvalue
distribution

0.001

0).0005




Why /) O<eval<1

“entropy of the Hamiltonian”
Hr= H/ tr(H)
SH — “"tr( Hr log(Hr) ),

exp(SH ) = effective dimension of the eigenspace

(an invariant
geometrical
measure)



entropy Spp scales like entropy SH

exp(SH ) = effective dimension of the eigenspace

= . ' Hy=H/ tr(H)
30 | - § St = —tr( Hr log(Hr) )
- - Spp = —tr( Hep log(Hrep) )
L | : exp(Spp ) = effective dimension of the
ol - | | | | eigenSUBspace of dim N/2
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Brillouin—Wignher Perturbation Theory...
...Xhe alternative at strong coupling

1
E~E+) Van_E(O)

...implicit, transcendental equations for E...but nhot exact

Vi + O(V°)

det(E — H) = (—1)"E"det(E — Kp(E))det(E — Hgg)

1

on subspace P, { Ko(E) n E} has the same spectrum as
H on space PeQ



at
Crossings

J

color= estate

P




Stability of Procedure Under Hierarchy

By o
blackbarﬁ re exact eugenva%ues :
evals Kp(E) singularities are poles of Haa
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the perception of dynhamical instability is deceptive.

without any tuning, random
subsystems generically show
“universal decoupling”



Grand Anarchy

: X
Give . N oS
there 's al Nab g hlerach na\\Z\Y\g O ceS)
mo ’Wa ..y) D\ag Subspa ' .
On 3 YS a hje dom dinge
"ando SUbspa rarchy Yan\e'\gh SCY\YOB \ na\S
ce RaY neo!y
\on it
Peﬁmbax;p’(\ve 'mS"ab‘\\ Y
dec

Kp(E) == pr + Hp
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qu

Kp(E) iy >= A(E)|t, >
with AMFE) — E



Grand Anarchy

geometry
Implies
decoupling

equivalant to cancellations
by symmetries?

Y 4 perhaps !

1
Kp(E) = Hyp + Hygm——Hop
a9

Kp(E) iy >= A(E)[g, >
with AMFE) — E







