Energy transport in oscillators chains

subject to a magnetic lield

(Gaetan Cane
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Part I

Study ol the noisy harmonic chain submitted to

a constant magnetic field
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Part I

Study ol the harmonic chain submitted to a

random magnetic lield

Work in collaboration with Cédric Bernardin, Junaid Majeed Bhat and Abhishek Dhar.
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- Harmonic chain submitted to a random magnetic [ield

rop @60 = gt x+ 1) + gt x — 1) = 2q6,x)] di
By } + B, [5; \va(t, x) — 8,,v, (1, x)| dt
+ (\/TTLdQ?i(t, ¥) — vit, x)dt> 5.
4 <\/2T”Rd9§i(t, ¥) — vit, x)dt) 5.n

[n thig pregentation we work with fixed boundary conditiong
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- Harmonic chain submitted to a random magnetic [ield

o dvtx) = gt x+ 1) + gt x = 1) = 2¢,(t,x)| dt
R ¥

By, ' + B, [5l-,1v2(t, x) — 0;,v1(1, x)] dt

n (, /2T, dRB (t,x) — v{t, x)dt > Oy 1
4+ (\ [2TRd B (1, x) — v{1, X)df> 5x,N

[n thig pregentation we work with fixed boundary conditiong

Bhat-Cane-Bernardin-Ohar [JSO"2(] proved that

17 — TR)

(=

J T y(@)do (. YNEQQ  (Jy) ~ N*witha =2
0

JU
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Harmonic chain submitted to a random magnetic lield

dv(t,x) = |qt,x + 1) + gt,x — 1) — 2q,(t, x)| dt

+ B, [ 0; 1Vo(t, X) — ;1 (1, x)] dt

_|_

v (V2TRdB (1.0 — vt 20dr) 6,

[n thig pregentation we work with fixed boundary conditiong

Bhat-Cane-Bernardin-Ohar [JSO"2(] proved that

~T
(Jy) = + (7 R)[ T yw)do (- YNESS  (Jy) ~ N witha = ?
0

w? w?

C/ —
VN = 2+ >

Jy +iw (8f\? T zJ\?—1) — w’gy_, v +iw (&V +fﬁ—1) — WgN_

r_z_l_+1 — (2 —w” * a)Bn+1)fr;_L — ;;_L—l gn+1 (2 w* + a)Bn+1) gy — 8,;{1 /16
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o dvtx) = gt x+ 1) + gt x = 1) = 2¢,(t,x)| dt
R ¥

By, ' + B, [5l-,1v2(t, x) — 0;,v1(1, x)] dt

n (, /2T, dRB (t,x) — v{t, x)dt > Oy 1
4+ (\ [2TRd B (1, x) — v{1, X)df> 5x,N

[n thig pregentation we work with fixed boundary conditiong

Bhat-Cane-Bernardin-Ohar [JSO"2(] proved that

17 — TR)

(=

J T y(@)do (. YNEQQ  (Jy) ~ N*witha =2
0
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- Harmonic chain submitted to a random magnetic [ield

|7, T | dv(t,x) = |qt,x + 1) + gt,x — 1) — 2q,(t, x)| dt

BN ' + Bx [5l°,1v2(t9 x) _ 5i,2vl(t’ x)] dt
+ (\/ 2TLd9‘?i(tv X) . Vi(t’ X)dt> 5?(»1
v (V2TRdB (1.0 — vt 20dr) 6,

[n thig pregentation we work with fixed boundary conditiong

Bhat-Cane-Bernardin-Ohar [JSO"2(] proved that

(T, — Tk)

JU

() =~

J T y(@)do (. YNEQQ  (Jy) ~ N*witha =2
0

For B, =B
Bhat-Cane-Bernardin-Dhar [JSO2]
[fB+#0,then T () ~ 0¥ and [ B=0then T () ~ 0> ——> (Jy) ~T, - T

/16



Formal explanation of the phenomenon

w* w*

O/ — |
I pw) = y ! 2

fi+iw (g +fi,) — 028, fy +iw (gy +fi_1) — ®%gy_;

+ _ (~H_ 2 + ot
n+l = (2 W ia)BnH)fn n—1
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Formal explanation ol the phenomenon

+ —
n+1

602

T vw) =

602

Jy +iw (8;\? + ]_\If_—1> — wgy_

(2 ~- 0’ % a)Bn+1)fr:_L —foii

2

fy +iw (gy +fy-1) — ®%gy-

—_— ni+1 _ (Z—a)zia)BnH —1
fi 1 0

| 1 )
AH(w) = lim —log|fy| = lim —log|gy| > O (Furgfenberg ¢ theorem)

N—oo N N—oo N

I
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Formal explanation ol the phenomenon
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Formal explanation ol the phenomenon
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T vw) =
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Jy +iw (8;\? + ]_\If_—1> — wgy_

(2 ~- 0’ % a)Bn+1)fr:_L —foii
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fy +iw (gy +fy-1) — ®%gy-

—_— ni+1 _ (Z—a)zia)BnH —1
fi 1 0

| 1 )
AH(w) = lim —log|fy| = lim —log|gy| > O (Furgfenberg ¢ theorem)

N—oo N N—oo N

A=ATAA

2

I y(w) ~ o~ exp

—2(w)N]
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Formal explanation of the phenomenon

_» 1 _ (Z—a)zia)BnH —1) v
fu 1 0 b

| 1 )
A w) = lim Nlog | fy| = lim Nlog\ gv|l > 0 (Furgfenberg e theorem)
N—oo N—oo

A=ATAA

T @) ~ w*exp |-2Mw)N|
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~IFormal explanation ol the phenomenon

A=ATAA

T @) ~ w*exp |-2M(w)N|
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~IFormal explanation ol the phenomenon

T @) ~ w*exp |-2M(w)N|
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~IFormal explanation ol the phenomenon

I yw) ~ W? exp [—2/1(0))N]
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Formal explanation ol the phenomenon

T M@) ~ w*exp [-2A(w)N]|

Congtant magnetic field Random magnetic field
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Formal explanation ol the phenomenon

T M@) ~ w*exp [-2A(w)N]|

|
Ty<lo o>t (N)

Congtant magnetic field Random magnetic field
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Formal explanation ol the phenomenon

I yw) ~ W? exp [—2/1(a))N]

|
Ty<lo o>t (N)

Random magnetic field

- [97 N(a))] dw
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Formal explanation ol the phenomenon

T M@) ~ w*exp [-2A(w)N]|

|
Ty<<leo o> (N)

Random magnetic field

- [97 N(a))] dw

E T ()| do A

i :<JN>: _ 4 (T, — Ty) rl@) | 4 (T, — Tg) r"l<

T 0 T _ %)
4 (T, — Tg) W(%) > (o T ., i the trangmiggion for a harmonic chain submitted
~ o\)aw . .
T Jo to a congtant magnetic field E [B] . 12/16




~ Lyapunov exponent of f;

Let 6% = V(B,) and & be a white noige.

N , L Some kind of miracle
1= (20’2 0B, ) fi —fil) 4 p [50) = £ oF [B] fX(1) — wof0)f* (1)
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Lyapunov exponent of f

Let 6% = V(B,) and & be a white noige.

. Some kind of miracle
i =2-0**twB, ) fi—fr, —————p 1) = + 0E [B] () — 0o

v

J= (a))—hmllog |f (z)|

[— 00
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Lyapunov exponent of 7

Let 6% = V(B,) and & be a white noige.

Some kind of miracle
t =(2-0’twB, ) fE-ff, e p 1) = + oF [B] X)) — wotO)f()

v

- |
Approximation 1 (@) ~ 1*(w) RO hm—log |f (t)|

[— 00
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Lyapunov exponent of 7

Let 6% = V(B,) and & be a white noige.

+
n+1

Some kind of miracle

Approximation 2*(w) ~ A (w)

C ane-Bhat-Dhar-Bernardin [ISM’22]

@) ~4/]

- [B]| 02 f

C[B] <0 and 1 (w) ~

=(2 W +6‘)Bn+1)f_ fn_l ¢—p ffOH=tw

Cw?3 if

C[B]=0 and 1 (w) ~

J= (a))—hmllog |f (z)|

[— 00

= [B] f5(t) — wo&(t)f (1)

- [B] > 0
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+
Lyapunov exponent of f;
Let 6> = V(B,) and & be a white noige.

+ —
n+1

(2 —w” * C‘)Bn+1)fr_z_F —

—— N = 100000
-- Cw?:C =0.037 s
—— N = 1000000

[B] < O

n—1

Approximation 1*(w) ~ A(w)

C ane-Bhat-Dhar-Bernardin [ISM’22]

@) ~4/]

- [B] ‘ w2 it

C[B] <0 and 1 (w) ~ Co??if

C[B]=0 and 1 (w) ~ :

=) = £ oE [B] f5(t) — o (O)f ()

(o) = lim — log | () |

t—oo [

- [B] > 0

13/ 16



—Slze ol the heat current

- (JN> 4 (T, — Tg) rl%)

JT

I (w)dw
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Size of the heat current

n

] -Hm

C ane-Bhat-Dhar-Bernardin [ISM’22]

. |f
. f

- [B] # 0, then

- [B] = 0, then

JU

0

()

( vy

I (w)dw

o N—5/2 o~ N—3/2

N N—9/2 K~ N—7/2
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Size of the heat current
- [(0y) 4(1,- 1) (7'(5)

~ I (w)dw
& Jo

Cane-Bhat-Dhar-Bernardin [ISM’22] R
. [t E[B] #0, then E |(Jy)

. (fE[B] =0, then E [(Jy)

H12 2048 8192
N

256 1024 4096
N

= [B] # 0

Numerical eimulationg don’t match when E [B] = 0 4/ 16




Size of the heat current

n

] -Hm

C ane-Bhat-Dhar-Bernardin [ISM’22]

. |f
. f

- [B] # 0, then

- [B] = 0, then

JU

0

()

( vy

I (w)dw

o N—5/2 o~ N—3/2

N N—9/2 K~ N—7/2
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Size of the heat current

)

Cane-Bhat-Dhar-Bernardin [ISM’22]

. |f
. f

——  Disordered and Free

Uniform and Free

——  Disordered and Fixed

Uniform and Fixed

The approximation E [T y| ~ T, seemg
to be false for E[B] = 0

n

4 (T, - Ty) "ﬂ(%)

l 0

- [B] # O, fh@ﬂ — _<JN>_ ~ N_5/2 — K~ N—3/2

- [B] =0, then E _<JN>_ ~ N2 e N2

Lowegt allowed normal modeg ~ A~ 1(w)

——  Disordered and Free

Uniform and Free

——  Disordered and Fixed

Uniform and Fixed
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o Oummary and open problems

Briet summary ot the regulte obtained

+Trangition between two fractional diffusion equations depending on the intengity of the magnetic field [C submitted]
+ Study of the heat current for an ordered chain eubmitted to a congtant magnetic field [BCBD JSP°22]

+ Study of the heat current for a dicordered chain submitted to a random magnetic field [CBDB JSM’ 2]
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o Oummary and open problems

Briet summary ot the regulte obtained

-+ Trangition between two fractional diffugion equations depending on the intengity of the magnetic field [C submitted]
+ Study of the heat current for an ordered chain eubmitted to a conetant magnetic field [BCBD JSP°22]

+ Study of the heat current for a dicordered chain submitted to a random magnetic field [CBDB JSM’ 2]

Some open problemg

+ Trangition in one gtep (work in progresg)
- Rigoroug gtudy of the heat current for a random magnetic field

+ Trangition between two fractional Laplacian with a magnetic interface (work in progregs with Simon)
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