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Graph: & with vertices {x},c,
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Boo: Quantum Walk(er) @F wsrm
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i Quantum Walk(er) — j/f s
X=Ccba -
Graph: ¢ with vertices {x},c, b\/a \\/ P
-1 0 1 2 \\C \/a\
e.g. o s ° s s —) Z ) & ] /

Hilbert space: /b

O

¥y =14%) with ONB {el, & scal. pdt. (-1-)
s.t. P®@>5w=)we. w,eC, Y lyl <

xev xey

Quantissima/Oise 15-19/9/25



N

B Ciunsi Quantum Walk(er) V1 [f e
X=Cba -

Graph: € with vertices {x},, b\/a \\/ a

N A
e.g. — —i (3 i 2. > J a\ _ .//
Hilbert space: a/b/ C\/\a<

¥y =14%) with ONB {el, & scal. pdt. (-1-)
s.t. P®@>5w=)we. w,eC, Y lyl <

xev xey

Unitary operator: vV on #,=1%)

s.t. (elVe)=0 if | distgx,y)>D for ¢ infnite
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B Quantum Walk(er) i/ e

* N |y (n
Discrete dynamics:
time =0 p(0) =e, € X
te” w(t) = Vi (0) = ) y(De, ﬂ | |
...... 1WA
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B Quantum Walk(er)
Discrete dynamics:
time =0 w) =e, €X

ez w(t) = Vip(0) = ) ul0e,
Exples: =

On z, the shift S:§-6_,, j€Z

On ¢ finite, any V unitary

N

¢ INSTITUT
L fouier,

|y (n) |

|||||||||||||||||
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B Quantum Walk(er) — i[f-um

* NLZGl
Discrete dynamics:
time 7=0 W) = e, €&
tre J W(t) = VIV/(O) — Z Wx(t)ex ﬂ 0.1_- A A
Exples: = N\/\/\ .V

On z, the shift S:6,»6_,, j€Z N

On ¢ finite, any V unitary

e Approximate dynamics of quantum systems

Feynman'82, Chalker-Coddington'88, Meyer'96,..., Manouchehri-Wang'03

Quantissima/Oise 15-19/9/25



B Quantum Walk(er) — i[f-um

2

* 0.3_|’z//x(’/l |
Discrete dynamics:
time =0 p(0) =e, € X
t€Z w(t) = Vip(0) = )y (e, | | |

Exples: = I
_V /W\v

On z, the shift S:6,»6_,, j€Z N

On ¢ finite, any V unitary

e Approximate dynamics of quantum systems

Feynman'82, Chalker-Coddington'88, Meyer'96,..., Manouchehri-Wang'03

e Quanftum software for quantum computer

Aharonov et al'93, Grover'96, Childs et al'03,...
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E“c”r'e”ﬁi%fi "Thermalization” Problem  j/f i

2 Alpes

Problem:

On ¢ finite, any VvV unitary reservoir
bosons

sample

fermions

On z, shift S:6~6_,, jeZ

Hamza, J. '17, Raquéepas ‘20, Andreys, J., Raquepas '21
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!z':';:zﬂr: Fermionic QWSs M OURER

(X ]
& Alpes

Fermions: antisym. subsp.
~w F™N spanned by f{e, Ae A Ae e icicn

s.t. e Ae, A Ane =sign(oe, Ae,  A...Ae

X5(2) Xo(N)
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!z':z:zzr: Fermionic QWSs M OURIER

& Alpes

Fermions: antisym. subsp.
~w F™N spanned by f{e, Ae A Ae e icicn

s.t. e Ae, A Ane =sign(oe, Ae,  A...Ae

X5(2) Xo(N)

Fock space: dim # =d

F_ = @o<n<d TN s.t. v=Woy.w, ) With we T\
¥Y,eCQ, Q the vacuum
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!z':';:zﬂr: Fermionic QWSs M OURIER

& Alpes

Fermions: antisym. subsp.
~w F™N spanned by f{e, Ae A Ae e icicn

s.t. e Ae, A Ane =sign(oe, Ae,  A...Ae

X5(2) Xo(N)

Fock space: dim # =d

F_ = @o<n<d TN s.t. v=Woy.w, ) With we T\
¥Y,eCQ, Q the vacuum

Non interact. Dyn. on F_:
vonx w I (V) s.t. T-(M|gpw=VAVA--AV
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N

e Creation/annihilation op.  if i

& Alpes

Set a*(f): M — VD st @ (NQ=]  VffifySyEF

S ABA o AR =FA[AHA o Ay

and a(f): &N - "N st a(HQ=0 by a(f)=(@*(f)*
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N

e Creation/annihilation op.  if i

& Alpes

Set a*(f): M — VD st @ (NQ=]  VffifySyEF

S ABA o AR =FA[AHA o Ay

and a(f): &N - "N st a(HQ=0 by a(f)=(@*(f)*

CAR: {a(f),a*@)}) = (fI)l. {a"(f),a’(g)} =0 Vg E€X
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N

e Creation/annihilation op.  if i

& Alpes

Set a*(f): M — VD st @ (NQ=]  VffifySyEF

S ABA o AR =FA[AHA o Ay

and a(f): &N - "N st a(HQ=0 by a(f)=(@*(f)*

CAR: {a(f),a*@)}) = (fI)l. {a"(f),a’(g)} =0 Vg E€X

Rem: T_(ef)y=e - 4T (H)=) (e]|He)a*(e)ale) ONB {¢};
L,J
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!z-::z:zzr: Bosonic QWs [[f e

A FOURIER

Bosons: sym. subsp.
w %N  spanned by {e, ®;e, ®;...Q® €, } e i1<icn

s. t ¢, Qe B ... Qe =e. Qe B ...Qe .

o(1)
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S Bosonic QW T
Bosons: sym. subsp.
w %N  spanned by {e, ®;e, ®;...Q® €, } e i1<icn
s.t.  ¢,8,¢,Q,...Q,¢, =¢, e & .. Qe

€x (1) § xa(N)

Fock space:

— ®OSN %®SN S. 1-. Y = (WO? Vi, Y, ) Wi.l'h WN S %(X)S
¥Y,e CQ, Q the vacuum
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!z':z:zi;r; Bosonic QWs 1 f INSTITUT

Alpes FOURIER

Bosons: sym. subsp.
> %®SN SPanned bY {exl ®S ex2® ®s xN}XEV,ISiSN
s.t.  ¢,8,¢,Q,...Q,¢, =¢, e & .. Qe

€x o(1) § xa(N)

Fock space:

— ®OSN %®SN S. 1-. Y = (WO? Vi, Y, ) Wi.l'h WN S %(X)S
¥Y,e CQ, Q the vacuum

Non interact. Dyn. on &
son % w» I©® st T Sl,en=S05Q QS
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N

e Creation/annihilation op.  if i

& Alpes

Set b*(f): #E > 7@V st b(NQ=f  Vffifo. oSy EX

b*([) 1 ®; L ® ... @ Jp) =VN+ 1/ Q; [ ®; /o ;... ®; Jy

and b(f): &N - g®WN-D 8.t b(H)Q=0 by b(f)=b*(f))*
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N

e Creation/annihilation op.  if i

& Alpes

Set b*(f): #E > 7@V st b(NQ=f  Vffifo. oSy EX

b*([) 1 ®; L ® ... @ Jp) =VN+ 1/ Q; [ ®; /o ;... ®; Jy

and b(f): &N - g®WN-D 8.t b(H)Q=0 by b(f)=b*(f))*

CCR: [b(f),b*@1=(flg)l, (D" (1=0 Vg€ X
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N

o Creation/annihilation op. i [f

Set b*(f): #E > 7@V st b(NQ=f  Vffifo. oSy EX

b*([) 1 ®; L ® ... @ Jp) =VN+ 1/ Q; [ ®; /o ;... ®; Jy

and b(f): &N - g®WN-D 8.t b(H)Q=0 by b(f)=b*(f))*

CCR: [b(f),b*@1=(flg)l, (D" (1=0 Vg€ X

Weyl op.:  W(f) = e @DH*DIN2  re gz unitary

S.t. W(F)W(g) = W(f+ g)eIm{/1s)2
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P Quantum States [
State on F_ :

D={peIT(F_)stp>0trp=1]} density mat.
s.t. for X=X*e B(F) observable
0,(X) =tr(pX) € R QM expect. value
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E“a:z:zi;:: Quantum States Vi [f e

4 Alpes

State on F_ :

D={peIT(F_)stp>0trp=1]} density mat.
s.t. for X=X*e B(F) observable
0,(X) =tr(pX) € R QM expect. value

Gaussian State on Z.:
wx < symbol K € B(*(Z)), K=K*>1 s.t.
o (W(f) = exp( = (f|Kf)/4), [f€I(Z)
~ wr(A) € R the QM expect. val. of A e CRR(*(2))
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N

E“a:z:zi;:: Quantum States Vi [f e

4 Alpes

State on F_ :

D={peIT(F_)stp>0trp=1]} density mat.
s.t. for X=X*e B(F) observable
0,(X) =tr(pX) € R QM expect. value

Gaussian State on Z.:
wx < symbol K € B(*(Z)), K=K*>1 s.t.
o (W(f) = exp( = (f|Kf)/4), [f€I(Z)
~ wr(A) € R the QM expect. val. of A e CRR(*(2))

Exple: Thermal case

K = coth(B(Hy —ul)) for Hzy=H}>ul, f>0
Quantissima/Oise 15-19/9/25



UNIVERSITE O INSTITUT
1 |
Eﬁ:s:;;’be Model Vi [f e
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! UNIVERSITE o) INSTITUT
'« Grenoble l
@ Alpes f FOURIER

fermionic

sample

Finite Graph: ¥ w sample with dyn. T (V) on & _ (¥ )
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! UNIVERSITE O INSTITUT
' Grenoble l
2 Alpes f FOURIER

bosonic

fermionic

sample reservoir

Finite Graph: ¥ w sample with dyn. T (V) on & _ (¥ )

Infinite Graph: Z ~ reservoir with dyn. I'.(S) on & ,(%(2))
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! UNIVERSITE o) ~ INSTITUT
'« Grenoble l
@ Alpes f FOURIER

bosonic

fermionic

sample reservoir

Finite Graph: ¥ w sample with dyn. T (V) on & _ (¥ )

Infinite Graph: Z ~ reservoir with dyn. I'.(S) on & ,(%(2))

Total Hilbert space: F_(I*(%)) ® F_ (%))
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! UNIVERSITE o) ~ INSTITUT
'« Grenoble l
@ Alpes f FOURIER

bosonic

fermionic

sample reservoir

Finite Graph: ¥ w sample with dyn. T (V) on & _ (¥ )

Infinite Graph: Z ~ reservoir with dyn. I'.(S) on & ,(%(2))
Total Hilbert space: F_(I*(%)) ® F_ (%))

Unitary Coupling: 1, = e #T®at5N2, ) coupling strength

T=T+e B(F_), b=b"5)
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= O
E UGb:‘grigst;.lr; l INSTITUT

fermionic bosonic
sample Gaussian
reservoir
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UNIVERSITE o)
Ecrlenoble l INSTITUT

fermionic bosonic
sample Gaussian
reservoir

Unitary dynamics: U, = U, ([_(V)QT.(S))
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UNIVERSITE o)
E GNrIenot;le l INSTITUT

fermionic bosonic

sample Gaussian
reservoir

Unitary dynamics: U, = U, ([_(V)QT.(S))

State:  w, @ w(-) at time 1 =0

Quantissima/Oise 15-19/9/25



!umvensmé . Q. INSTITUT
'« Grenoble l
= Alpes f FOURIER

fermionic bosonic
sample Gaussian
reservoir
Unitary dynamics: U, = U, [T_(V) ®,(S))
Stater o, ®w(-) at time 1 =0
a)p®a)Ko%/1(.)f' %,1(')=U;’<°U,1 at time r €N
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! UNIVERSITE o) INSTITUT
'« Grenoble l
@ Alpes f FOURIER

fermionic bosonic
sample Gaussian
reservoir

Unitary dynamics: U, = U, ([_(V)QT.(S))

State:  w, @ w(-) at time 1 =0
W, @wg o U(-), U()=UsU, at time r € N

Effective dyn. on sample: T, BF_)—> BF_), teN

s.t. 0T X)=0,@wgUX®I) VXe B(F ),peED
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UNIVERSITE

Boo Effective dynamics  i[f-sm

Interaction: U. = e VT®GHIN2 — T=T+*€ B(F_), bi=>b*s,)

int
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Boo Effective dynamics  i[f-sm

Interaction: U. = e VT®GHIN2 — T=T+*€ B(F_), bi=>b*s,)

int

T= ) uB" e.~val. HER « BYeRB(F_) e.-proj.
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UNIVERSITE o) INSTITUT

gg{gggb'e Effective dynamics L[ Fourier

Interaction: U, =e #I®btN2  T=T*e€ B(F_), bi=>b"s)

T= ) uB" e.~val. HER « BYeRB(F_) e.-proj.
ueco(T)
= e—i/lT®(b0+b5’<)/\/§ — Z B* @ W(—Aud,) WQYI op.
ueo(T)

Quantissima/Oise 15-19/9/25



N

Boo Effective dynamics  i[f-sm

Interaction: U, =e #I®btN2  T=T*e€ B(F_), bi=>b"s)

T= ) uB" e.~val. HER « BYeRB(F_) e.-proj.
ueco(T)
= e—i/lT®(b0+b5’<)/\/§ — Z B* @ W(—Aud,) WQYI op.
ueo(T)

Iteration: U= (U, T_(V)QI.(S)))
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Boo Effective dynamics  i[f-sm

Interaction: U. = e VT®GHIN2 — T=T+*€ B(F_), bi=>b*s,)

int

T= ) uB" e.~val. HER « BYeRB(F_) e.-proj.
ueco(T)
= e—i/lT®(b0+b5’<)/\/§ — Z B* @ W(—Aud,) WQYI op.
ueo(T)

Iteration: U= (U, T_(V)QI.(S)))

7(-)=T_(V71H -T_(V), B! = 7iB", jeN
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N

Boo Effective dynamics  i[f-sm

Interaction: U, =e " ®CHtN2  T=T*e B(F_ ), bf=>"s)

T= ) uB" e.~val. HER « BYeRB(F_) e.-proj.
ueco(T)
= o~ IT®bo+bHIN2 Z B* ® W(—ub,) Weyl op.
ueo(T)

Iteration: U= (U, T_(V)QI.(S)))

7(-)=T_(V71H -T_(V), B! = 7iB", jeN

= U'=U, ) B'“.B'"®W=ud).. W(=ius)
Hyse. it €6(T)
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N

Boo Effective dynamics  i[f-sm

Interaction: U, =e " ®CHtN2  T=T*e B(F_ ), bf=>"s)

T= ) uB" e.~val. HER « BYeRB(F_) e.-proj.
ueco(T)
= o~ IT®bo+bHIN2 Z B* ® W(—ub,) Weyl op.
ueo(T)

Iteration: U= (U, T_(V)QI.(S)))

7(-)=T_(V71H -T_(V), B! = 7iB", jeN

= U'=U, ) B'“.B'"®W=ud).. W(=ius)

it €0(T)
W("1 2 /‘151)

1<j<t

Quantissima/Oise 15-19/9/25



!2.pb' Effective dynamics L] “Fourien
Proposition: 7,: B(F_) > B(F_), t€N

/12 —V —U
e T.(X)= Z B!..-Bl7(X)B"+B!" exp{ — T<®E ©, KOt —>}

uv€a(T)

p= (g t), O =Y (4 1)5.

1<j<t
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Boo Effective dynamics  i[f-sm

Proposition:  7,: B(F_) - B(F ), t€N

/12 —v —U
e T (X)= Z B{“---B[‘f%t(X)Bt”f---Bflexp{—I<®$—,K®’f —>}

uv€a(T)

p=(ssm)s O = 3 (- 1)s;. \ Bosonic weight

1<j<t K>

Quantissima/Oise 15-19/9/25



UNIVERSITE o) INSTITUT

Eg{gggb'e Effective dynamics L[ Fourier

Proposition:  7,: B(F_) - B(F ), t€N

/12 —v —U
e T (X)= Z B{“‘l---B[‘f%t(X)Bt”f---Bflexp{—I<®$—,K®§‘ —>}

uv€a(T)

p=(ssm)s O = 3 (- 1)s;. \ Bosonic weight
1<j<t K>
e 7, is unital & CPTP
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Boo Effective dynamics  i[f-sm

Proposition:  7,: B(F_) - B(F_), teN

/12 —v —U
e T (X)= Z B{“‘l---B[‘f%t(X)Bt”f---Bflexp{—I<®$—,K®§‘ —>}

uv€a(T)

p=(ssm)s O = 3 (- 1)s;. \ Bosonic weight
1<j<t K>
e 7, is unital & CPTP

Rem:

p—v=0 = weight =1

Quantissima/Oise 15-19/9/25



N

INSTITUT

!ggﬁgﬂ; Effective dynamiCS lof FOURIER

& Alpes

Proposition:  7,: B(F_) - B(F ), t€N

/12 -V —v
e T (X)= Z B{“‘l---B[‘f%t(X)Bt”f---Bflexp{—I<®$—,K®§‘ —>}

uv€a(T)
p=(ssm)s O = 3 (- 1)s;. \ Bosonic weight
1<j<t K>
e 7, is unital & CPTP

Rem:
p—v=0 = weight =1
H-—v#0 = weight Sexp{ —Azz(ﬂj—yj)2/4}

HFV

Quantissima/Oise 15-19/9/25



N

® INSTITUT

EUG%SE%'T; Effective dynamiCS lf FOURIER

& Alpes

Proposition:  7,: B(F_) - B(F_), teN

A2 —v —v
* J/X)= Z B{Jlthﬂt%t(X)Btyt'"Bfl exp{ _I<®I; _’KG)/; _>}

uv€a(T)
p=(ssm)s O = 3 (- 1)s;. \ Bosonic weight
1<j<t K>
e 7, is unital & CPTP

Rem:
p—rv=>0 = weight =1
H-—v#0 = weight Sexp{ —Azz(ﬂj—yj)2/4}

HFV

~w> large coupling exp.
g P g P Quantissima/Oise 15-19/9/25



N

Bo Spectral approach [

=> T,|_.X) = Z B.--B*Y'(X)B! B! = (7 @) (X),
/_JEG(T)t

with @(-)= ) B*-B* & 7(:)=T_(V')-T_(V)

ueo(T)
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UUUUUU SITE O INSTITUT

Ef{.’;jg;’b'e SPQC"’T‘GI GPPT‘OGCh lf FOURIER

=> T,|_.X) = Z B.--B*Y'(X)B! B! = (7 @) (X),
/_JEG(T)t

with @(-)= ) B*-B* & 7(:)=T_(V')-T_(V)

ueo(T)

o B(F_) Hilbert sp. with (X,Y)=wu(X*Y)

® Orthog. proj.
7" Unitary op.
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Bo Spectral approach  +i[f-sm

=> T,|_.X) = Z B.--B*Y'(X)B! B! = (7 @) (X),
/_JEG(T)t

with @(-)= ) B*-B* & 7(:)=T_(V')-T_(V)

ueo(T)

o B(F_) Hilbert sp. with (X,Y)=wu(X*Y)

o(7 D) : 4 I1l,_, unital, CP
.o ° 1 V\/

7 Unitary op. \.-.. S

® Orthog. proj.

Quantissima/Oise 15-19/9/25



UNIVERSITE o) INSTITUT

Eg.r;ggb'e Spectral approach L[ Fourier

=> T,|_.X) = Z B.--B*Y'(X)B! B! = (7 @) (X),
/_JEG(T)t

with @(-)= ) B*-B* & 7(:)=T_(V')-T_(V)

peo(T)
o B(F_) Hilbert sp. with (X,Y)=wu(X*Y)

® Orthog. proj. ‘W@/ T1l)—e unital, CP
of . ] ~—

7 Unitary op. \.-.. S

Vo= ) 4P, +, Spec.dec.
k
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UUUUUU SITE o) INSTITUT

Ef{.’;jg;’b'e SPQC"’T‘GI GPPT‘OGCh lf FOURIER

=> T,|_.X) = Z B.--B*Y'(X)B! B! = (7 @) (X),
/_JEG(T)t

with @(-)= ) B*-B* & 7(:)=T_(V')-T_(V)

ueo(T)

o B(F_) Hilbert sp. with (X,Y)=wu(X*Y)

& Orthog. proj. "(7@/ T1lee unital, CP
. ° ° 1 v\/
7 Unitary op. \.-. S
'/V/l — .
: flxl=1
VP = ;/lk@ﬂk_l_ N, Spec. dec. {%k _ o It |4l
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UNIVERSITE o) INSTITUT

Ef{.’;jg;’b'e SPQC"’T‘GI GPPT‘OGCh lf FOURIER

=> T,|_.X) = Z B.--B*Y'(X)B! B! = (7 @) (X),
/_JEG(T)t

with @(-)= ) B*-B* & 7(:)=T_(V')-T_(V)

ueo(T)

o B(F_) Hilbert sp. with (X,Y)=wu(X*Y)

® Orthog. proj. o(7®) 4 71— unital, CP
. K ° 1 V\/
7 Unitary op. (.-. .
'/V/l — O .
= : if [4l=1
7o = Zk:/lk%k+ N, Spec. dec. {%k _ o k
gJO ~ Z gjﬂk P = Z ‘@ﬂk

1A ]=1 14| <1 Quantissima/Oise 15-19/9/25



I‘Uh;g/:gsw; . ® P INSTITUT
E/‘iupesb' Large coupling approx. \L/]a FOURIER

Thm: Let A= min ljp—v|, y<mn|ln|4]].
u,z:te#oy(T) 14 <1

Then 31,>0 s.t. forall 1>4, reN,

1T (X) = (ZDY(X)|| < C|IP(X)|le™" 274111
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I‘Uh;g/:gsw; . ® P INSTITUT
E/‘iupesb' Large coupling approx. \L/]a FOURIER

Thm: Let A= min ljp—v|, y<mn|ln|4]].
u,z:te#oy(T) 14 <1

Then 31,>0 s.t. forall 1>4, reN,

1T (X) = (ZDY(X)|| < C|IP(X)|le™" 274111

Rem: error -0 as t— oo
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ElcilloesIOI Lar‘ge COUPllng GPPrOX. \L/F FOURIER

Thm: Let A= min ljp—v|, y<mn|ln|4]].
u,z:te#oy(T) 14 <1

Then 31,>0 s.t. forall 1>4, reN,

1T (X) = (ZDY(X)|| < C|IP(X)|le™" 274111

Rem: error -0 as t— oo

~»  large ftimes approx.

if P0= ) %, accessible
|A4l=1
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UNIVERSITE o INSTITUT

gf{ﬁg?b'e Coupling OP, T lf FOURIER
Let = ) ¢lf){fl€ B,  a one body obs.

I<j<d
Set T=dI' (1)=) ea*(fa(f) € B(F ) 2"d quantization

J
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| UNIVERSITE . ® - INSTITUT
Eﬁfﬁ&?b'e Coupllng OP, T lf FOURIER
Let = ) ¢lf){fl€ B,  a one body obs.

I<j<d
Set T=dI' (1)=) ea*(fa(f) € B(F ) 2"d quantization

J

Consequence:
The op. 7,7, ® leave BI ", %) invariant
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| UNIVERSITE . ® P INSTITUT
gf{fsggble Coupllng OP, T lf FOURIER
Let = ) ¢lf){fl€ B,  a one body obs.

I<j<d
Set T=dI' (1)=) ea*(fa(f) € B(F ) 2"d quantization

J

Consequence:
The op. 7,7, ® leave BI ", %) invariant

TF=tr7t F

Rem: finfpA...Af;:=F 8.t {F_(V)F:detVF

if rr=0, then Q,F € ker(T) = ran(BY)
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UUUUUU SITE o) INSTITUT

ngsggb'e Coupling OP, T lf FOURIER
Let = ) ¢lf){fl€ B,  a one body obs.

1<j<d
Set T=dl'_(t)= Y ea*(falf) € B(F_) 2" quantization

J

Consequence:
The op. 7,7, ® leave BI ", %) invariant

TF=tr7t F

Rem: firnfLA...ANf;:=F 8.t {F_(V)F:detVF

if rr=0, then Q,F € ker(T) = ran(BY)

O(|FUQD =FXQ| & Z(|F){Q])=detV|F}KQ|
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| UNIVER SITE . ¢ P INSTITUT
ngsggb'e Coupllng OP, T lf FOURIER
Let = ) ¢lf){fl€ B,  a one body obs.

1<j<d
Set T=dl'_(t)= Y ea*(falf) € B(F_) 2" quantization

J

Consequence:
The op. 7,7, ® leave BI ", %) invariant

TF=tr7t F

Rem: firnfLA...ANf;:=F 8.t {F_(V)F:detVF

if rr=0, then Q,F € ker(T) = ran(BY)

O(|FUQD =FXQ| & Z(|F){Q])=detV|F}KQ|

= {1,detV,detV} C 6(Z®)N S!
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gﬁ.pesb' Large times asympt. L] Foumes
Assumptions:
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| univERSITE . o A INSTITUT
Eﬁu’sé‘?"'e Large times asympt. lf FOURIER
Assumptions:
e o(?7)\{1} is simple, while 1€4(?7) is dimF_-fold deg.
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© INSTITUT

!2.p"' Large times asympt. L) ~Fovne
Assumptions:
e o(?7)\{1} is simple, while 1€4(?7) is dimF_-fold deg.

e In the eigenbasis of T'_(V)e B(F_):
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| universize , : INSTITUT
E,‘i.pesb' Large times asympt \L/]ﬁ FOURIER

Assumptions:

e o(?)\{1} is simple, while 1e€4(7) is dim%_-fold deg.

e In the eigenbasis of T'_(V)e B(F_):
- all diag. elmts of all B*, u€o(T), are # 0
- each off-diag. position is # 0 in some B*
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| universire , o [\ INSTITUT
Eﬁ,pesb' Large times asympt \L/f\ FOURIER

Assumptions:

e o(?)\{1} is simple, while 1e€4(7) is dim%_-fold deg.

e In the eigenbasis of T'_(V)e B(F_):
- all diag. elmts of all B*, u€o(T), are # 0
- each off-diag. position is # 0 in some B*

A

= o(7 D) : o(7 D) : $ . detV
( * \l or / 1
if trr;éO\ . if trf=0k
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INSTITUT

Eﬁ.’sz‘:b'e Large times asympt. 1| Founen
Assumptions:

e o(?)\{1} is simple, while 1e€4(7) is dim%_-fold deg.

e In the eigenbasis of T'_(V)e B(F_):
- all diag. elmts of all B*, u€o(T), are # 0
- each off-diag. position is # 0 in some B*

A

= o(7 D) : o(7 D) : $ . detV
( * \l or / 1
if trr;éO\ . if trf=0k

> Xep BF.) then X= ) xlyw
0<n<d

where Iz~ projon x.,"  x,eC
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Eﬁu’sé‘?"'e Large times asympt. ] Fourter

Thm: Let o,(-)=t(p-) on RB(F_) (trz # 0)

-
i
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UNIVERSITE o INSTITUT

E/‘iu’sé‘é’b'e Large times asympt. ] Fourter

Thm: Let o (-)=tr(p:) on AB(F.) (trz # 0)
e Fori>i, limo(TX)=w, X)  VXERBF)
d ~1
where 7<= (i) tgern 0 | gonn) Ugnn
n=0

> 4
P
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§ unveRaE . o INSTITUT
Eﬁupes"' Large times asympt. ] Fourter

Thm: Let o,(-)=t(p-) on RB(F_) (trz # 0)
e For 1> 4 Iim o (7 (X)) = v, (X) VX e B(F_)
—>Colo d .
where  Po=@D(?) (130 1m  Dep. initial cond.
=0 '\_/

-
i
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"ur:‘lev;gsné . o ; INSTITUT
Eﬁupesb' Large times asympt. ] Fourter

Thm: Let o (-)=tr(p) on RB(F_) (trz # 0)
e For />4, lim w (7 (X)) = w, (X) VX € B(F_)
t—>colo »
where  Pa=@D(?) wrullz)lzn Dep. initial cond.
n=0 \_/
o If r=rlypm = ppxlym "s =0 Gibbs state"

L4
-
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! ur:‘lev;gsné . o INSTITUT
Eﬁupesb' Large times asympt. ] Fourter

Thm: Let o (-)=tr(p) on RB(F_) (trz # 0)
e For />4, lim w (7 (X)) = w, (X) VX € B(F_)
t—>colo »
where  Pa=@D(?) wrullz)lzn Dep. initial cond.
n=0 \_/
o If r=rlypm = ppxlym "s =0 Gibbs state"

Rem: e g%(.): 2592 Is CPTP & unital

= S(p) <S(T*p)) < S(ps,) < In(2%

e
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UNIVERSITE o) INSTITUT

gﬁu’sé‘?b'e Large times asympt. 1] ~Founier
r_(V) ' (S)

e Comparison:

fermionic

sample
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‘uUb:'griSS”eE . ot F INSTITUT
gﬁ.pesb' Large times asympt. L)/ Fowmer

e Comparison: (V) r_(S)

fermionic [ S fermionic

sample quasifree
reservoir
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‘|U12/525|Teé . © P INSTITUT
gﬁlpesb' Large times asympt. X}Jf\ FOURIER

e Comparison: (V) r_(S)
fermionic fermionic
O—7 s, |
sample quasifree
reservoir

K = e—i/i(a*(gb)b(50)+h.c.)
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"up:‘g:gsneé . o ~ INSTITUT
gf\i.pes"" Large times asympt. LS Founen
(V) [ (S)

e Comparison:

fermionic fermionic
O—A7 s, |

sample quasifree

reservoir

K = e—i/l(a*(gb)b(éo)+h.c.)

Hamza, J. '17, Raquepas '20
= p2 is quasifree, of symbol O <A LI
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! ur:‘g/:gsneé . o INSTITUT
Eﬁupesb' Large times asympt. 1] ~Founier
(V) [ (S)

e Comparison:

fermionic fermionic
O—7 s, |

sample quasifree

reservoir

K = e—i/l(a*(gb)b(éo)+h.c.)

Hamza, J. '17, Raquepas '20
= p2 is quasifree, of symbol O <A<I l.e.

d A AN .
pé‘o = det(l — A)@ (m) lndep. OF p
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! ur:‘lev;gsné . o INSTITUT
Eﬁupesb' Large times asympt. 1] ~Founier
(V) [ (S)

e Comparison:

fermionic fermionic
O—7 s, |

sample quasifree

reservoir

K = e—i/l(a*(gb)b(éo)+h.c.)

Hamza, J. '17, Raquepas '20
= p2 is quasifree, of symbol O <A<I l.e.

d AN
A
p& = det(l - HEP (ﬂ) indep. of p
n=0
Reminder: in the bosonic case for /1> 4,
d 7 _1
Poo = @(r) toeni(0 | gpnn) Dgpnn dep. on
n=0
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!Ipb. QW coupled to Reservoir XL/JE NSTIUT
Thank you for your attention,
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UNIVERSITE

gg{sggb'e QW COUPled to Reservoir \ji/f\ INSTITUT

N

FOURIER

Thank you for your attention,

many thanks to John Cleese for the inspiration!

THE
MINIgFTRY
SILLY WALKS
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