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What is a state?

Y Densitymatrix
✓

pure state
D Ko , tr (O) -I

rk f-I

leg 1121157 , D= zz*
us mixed state

-
2) D density ⇒ D= Guizar "2Nd

Wr 30
, Gulp.si

3) Da : - eaea' vertex state



y

31 2×2 density matrices :

2×2 Hermitian
,
transl: Hs ( Igt:b; a ) a. b. CER

a

debut) = if- od- b'- c2

Then It to ⇒ a'abide 1
.

IN
Paone States map to points on unlit sphere in 1123
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Measurement : M, . . ..Md iMiko, @Mrs±

outcome r with prob .
20
,
Mrs

standard basis event s prob CD, ere:3 ←Our

we can represent the outcome of a

measurement of D using M, .
-→Mk by a

diagonal matrix:

⇐ <D.Mr > ever
'
= DOI

This is a density matrix
.
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Channels Let Un denote Matn. . Cell . A

quantum channel is a linear map ④ :Mn →Md,
which maps density matrices to density matrices

So § is
-

can trace preserving

⑥ completely positive
11¥
""

Theorem If ④ is a channel from Un →Md , there

are dxn matrices A. . . .. .Are such that

④ CO) = § AIDA:* (? A#A; -I)
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Examples :

ca, O → how
'
'

,
U unitary

(b) D → § CD,Mr> ere!

(c) convex combinations of channels

(d) any linear map Y : M
→ Md has an

adjoint 4*: Md →Mn .

tf. V is a channel a VICI)--I
,

then y
#
is a channel

,
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Orbits

density 0

Oct is HADUft)

Us EUCD :?eR3 Sud CE)

{DCD : toRl is an orbit of Al.

Pst : O, in orbit of O,

psst , if in closure of orbit of O,

⑦
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DCD = E e'
'

ter -9) EOE,
r
,
s

Ek DG)Ee = either
Oe )
EnDq

- D & Oct) real

⇒ @
it(Or -Os) real

⇒ sin tear-od-O

- C-no Ee = # EkoEe



Mlth
,
"
for Pm
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Recurrence

Tf s E Uch) : ke 23 - sequence of pts in

a compact space

Two cases ,

Ca , U, finite, walk is periodic

Cb, U, infinite , sequence has a limit point. Msay .

Kuehl -Nettles ..e
"

HUH-h) - Illa
almost periodic



Y.

If D is a density and U is unitary , the

sequence
Ubon" is either periodic, or

has a limit point, M say .

So there exist h
,
l with HOCH MH

,
HOH ) -Mke

⇒ HOCH -OUNCE ⇒ HOCK-b) -ONCE

almost

periodic
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Averages

QLD) : - Fig &Deadt average state

=¥ing ¥!§ e'
'torts)

Er of, dt

= [ En O En
r

(Discrete : IVCD)-↳im. I :&
.

U
"

ou
"
sfFnDfi )

Averages are projections



Average states for kn

E
,
= 's J

,
E
,
' b - K

.
J

E
, eae

'

a
6
,
= in J

Ez eaeii-i.CI -t 5) eae: CI-LJ)

= eaea
'
- 's zeta - heat +his

-74-teaea ) = eaea
'
t Ok)-



Y"

- D
,
e O
,
in same orb:b ⇒ 4%0

,
) =µ

- D2 in closure of D,
-orbit ⇒ VICO, ) - yea,

• VICD ) is a density matrix
.

n

. Y is a quantum channel .

. If D is rational
,
so is UI (D)
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Eigenvalues of XCoa )

- Da = eaea'

Ulloa ) = § Eeaea
'En

. dreariest = Eeaeasfieaeaf.
-

(E)
a. a

⇒ a
.

Greene: E is idempotent

(Erba is eigenvalue of Ulloa)

spectral decamp: Ulloa ) - f as

"

aefeaea.fr
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corollaries

ca, a e b cospectral ⇒ 410a) RUDD are cospectral

lb, a e b strongly cospectral⇐ Ulloa ) = 4CDs)
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Projections
. O
,
A Iv cop is linear

- maps
Hermitian matrices onto com

.
mutant of Ag

- self- adjoint
(O
. , Y(Oz) ) s tr (O, EERO,Er) = ? bro,Groza

- I tfEro,Er Q)
r

= C. VIO.), OD
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D= VCD) ⇒ OLD=D to ⇐ ON AO

Das - YID) = UCH CO -X Utp

⇒ 11063-4014 = 110-40111



*
Mixing matrix

At Cts is U(b)a UCT, = Uctlolltb)

= [either
-as ,

E.nots
r
,
S

NCH is doubly stochastic

Metta
,
b
- I ⇒ ab -pst

Nlt) = Is ⇒ uniform mixing
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average mixing

in :=¥z Masao

= E Groen
r

Kd : E
,
s f-J

,
Ez = I - dbs

Gas '

das EY- fi - III tats

%kd=I-2qIt%]
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If n is odd, the average mixing
matrix of Cn is

f-I t nn J

Theorem Th is rational
.





⎛

⎝

⎜⎜⎜⎜⎜⎜⎜⎜

0.355121
0.139699
0.106773
0.162288
0.117103
0.119016

0.139699
0.197285
0.204627
0.178789
0.160203
0.119397

0.106773
0.204627
0.313482
0.131082
0.123480
0.120557

0.162288
0.178789
0.131082
0.210383
0.159043
0.158414

0.117103
0.160203
0.123480
0.159043
0.258548
0.181622

0.119016
0.119397
0.120557
0.158414
0.181622
0.300994

⎞

⎠

⎟⎟⎟⎟⎟⎟⎟⎟
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Theorem I 4 Mlt ) he 2N -I

Naas 's ⇒ MH)
a.a
>oft

Proofing
, , q era + §

,

(either
-Os '

+ Either -Os )) froEs

Mitt = Mr * 2 §, costar
-Od fro Es

I = in + z E fro Es
re s

⇒ I- MCD to, ItMlt) 4215
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vertex state On - einen

(y cons, You)) = (Qu . Was

= Etr knew' trees. Er )
r -

= Eleni
=L? Gofer)u,
I NTU.ir



Traces X"

4- (1^4) = § to Cfpa

tv ( fr) = I (G)
a.a
= Mr

a GV

brlfrofr.) e E (Ghia
atv

2

brCGoE ) > 7ns

fr (Mn ) 3 mi > 1

tighter X is walk regular
• tray ) , I ⇒ walk regular, all eigenvalues mph

⇒ X ska
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Suppose He (th) - 1
.

Then 1^4 - xx" and

as 1^41=1
,
we have rain't e- I .

Thus a = # 1- and hence WHY S2 .
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Entriesof Ty :

if (Da )un 's VCDal , euei)

= ( y
'
(Dal , einen)

= LIU Coal, HIRD

= Mi
9,4

2
Is there a graph on more than two vertices

,
such that 19 has a constant row?



yr
.

2 Are there infinitely many graphs X such that

• rk Cii 3--2 ?



The EndG)


