Salambd Dago, Jorge Pereda, Sergio Ciliberto,

Ludovic Bellon
Laboratoire de Physique, Université de Lyon, ENS de Lyon, CNRS

m 2R vepsie m— = — @
w DE LYON ENS DE LYON

ENS de LYON

I L. Bellon - University of Helsinki - may 202 |



e Our brain: ~20 W (vs ~100 W for our body)
¢ [nternet: 10% of electricity worldwide
e Supercomputers: costs are driven by Flops/W
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Physical Limit 7 Rolf Landauer (|
1-bit erasure costs at least £

SM, 1961):
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Physical Limit ? Rolf Landauer (IBM, 1961):
1-bit erasure costs at least k7' In2 = 3 x 10721 )
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Physical Limit ? Rolf Landauer (IBM, 1961):
1-bit erasure costs at least k7' In2 = 3 x 10721 )

Experimental demonstration ?
Distance to the bound ?

Fast operation ?

Energetics ?
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e 1 DOF

® Bistable potential

® kgl scale
® [unable potential
® Measure Q & W
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® Tunable potential — U (x, \)
® Measure Q & W

(9U / white noise, variance 1
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K. Sekimoto, Stochastic Energetics, Lecture Notes in Physics 799 (Springer, 2010)
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e 1 DOF

® k'l scale
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A. Bérut, A. Arakelyan, A. Petrosyan, S. Ciliberto, E. Dillenschneider, E. Lutz, Nature 483, 187 (2012)




v 1 DOF

v Bistable potential

v kT scale

y .
Tunable potential x Silica bead

x_ Laser beam

z (pm)

A. Bérut, A. Arakelyan, A. Petrosyan, S. Ciliberto, E. Dillenschneider, E. Lutz, Nature 483, 187 (2012)




v 1 DOF

v Bistable potential

v kT scale

v Tunable potential

10
~
< 5
>
OF : . :
-0.5 0 0.5
z (pm)

A. Bérut, A. Arakelyan, A. Petrosyan, S. Ciliberto, E. Dillenschneider, E. Lutz, Nature 483, 187 (2012)

N

Silica bead

N

| aser beam




v 1 DOF

v Bistable potential

v kT scale

v Tunable potential

10 -
| f
~
< 5
>
O 3 L . .
-0.5 0 0.5
z (pm)

A. Bérut, A. Arakelyan, A. Petrosyan, S. Ciliberto, E. Dillenschneider, E. Lutz, Nature 483, 187 (2012)

N

Silica bead

N

| aser beam




v 1 DOF

v Bistable potential

v kT scale

y .
Tunable potential x Silica bead

x_ Laser beam

-0.5 O 0:5 = “Cow
x (pm)

A. Bérut, A. Arakelyan, A. Petrosyan, S. Ciliberto, E. Dillenschneider, E. Lutz, Nature 483, 187 (2012)




-0.5 0 05 -0.5 0 05
z (pm) z (pm)

A. Bérut, A. Arakelyan, A. Petrosyan, S. Ciliberto, E. Dillenschneider, E. Lutz, Nature 483, 187 (2012)




L 1 1 5 d . L L
-0.5 0 05 ~05 0 05
z (pm) z (pm)

A. Bérut, A. Arakelyan, A. Petrosyan, S. Ciliberto, E. Dillenschneider, E. Lutz, Nature 483, 187 (2012)




L 1 1 5 d . L
-0.5 0 05 ~05 0 05
z (pm) z (pm)

A. Bérut, A. Arakelyan, A. Petrosyan, S. Ciliberto, E. Dillenschneider, E. Lutz, Nature 483, 187 (2012)

-0.5 |

: |-'| . E
5\9/ \/
0 /6

“i b _»I “()”I -

“(I)!! _»I “()”I -

10

30




..................................................................................................................................................................... n 2

I Meas. --1n2+ B/t

0 10 20 30 40

A. Bérut, A. Arakelyan, A. Petrosyan, S. Ciliberto, E. Dillenschneider, E. Lutz, Nature 483, 187 (2012)




..................................................................................................................................................................... n 2

I Meas. --1n2+ B/t

0 10 20 30 40

A. Bérut, A. Arakelyan, A. Petrosyan, S. Ciliberto, E. Dillenschneider, E. Lutz, Nature 483, 187 (2012)
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Experiment

Theory
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* Fast operation, high statistics

e |llustration of Landauer's bound T R —

W, Q (ksT)

* kp'lyIn2 comes from compression

e [ast Is hot

* Full energetics description

e Adiabatic limit: (W) = (Q) = kpTj
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[according to Google translate]

To go further...
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