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Can a particle collapse under a barrier?

(....
. ﬁ

See also

» E. Condon and P. Morse, RMP 3, 43
(1931).

« E. Wigner, PR 98, 145 (1955).

* M. Bittiker and R. Landauer, PRL 49,
1739 1982).
M. Buttiker, PRB 27, 6178 (1983).
D. Sokolovski and L. M. Baskin, PRA
36, 4604 (1987).
A. M. Steinberg, PRL 74, 2405 (1995).
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Many-body virtual transport

\ W

cotunneling

0z, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)
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Many-body virtual transport

see also, Romito and Gefen, PRB 90, 085417 (2014)
and talk by A. Steinberg

0z, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)
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Many-body detection of virtual transport

see also, Non-barking dogs reference in talk of M. Devoret

0z, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)
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Many-body detection of virtual transport

GOD DOES NOT
Play Dice With The Universe

9

q

0Oz, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)
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Many-body detection of virtual transport

0z, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)
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Detalled
calculation
ahead

0Oz, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)
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Quantum point contact (microscopic approach)

Rate equation for a QPC:

HPC:E; Eala+ 2, Era:ar—l—fE O(ala,+He)
r N

|\If(r)): bo(rH—FE bh.(r)a:a;

+ 2 bw”;(r)a:a;,a;a;;—k--- |0>

<1 r<r'

i) =Hpc| (1)) W Bo(0)=1 = B”(E):f'ef%(r)dr g Q,=00E.E)=0
e N N 0 I/(fbﬂjp
Eby(E)=>, QO,.b,(E)=i

lr D
(E+E—ENB (E)=Q,5y(E)— 2, Qb (E)=0

"'
(E+E]+E;r_Er_Err)];HH!;.;J(E)_-Q-;rrrz;‘;r(E) +Qf?‘gf’?"(E)_ E Q}mrnEHH!}H:”J;J:(E)OD

n "
I".r

S. A. Gurvitz, Phys. Rev.B 56, 15215 (1997)
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Quantum point contact (microscopic approach)

Rate equation for a QPC:

see also, works by A.
Korotkov, D. Averin and

HPCZEJ Ega;a;+2 Era:aF.JrfE Q.;r(a;ar—FH.c.) A. Jordan
r T
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S. A. Gurvitz, Phys. Rev.B 56, 15215 (1997)
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Microscopic description

Calculate the amplitudes for microscopic events

(Livi: f:4]0: f:¢=0)® _(——) /dt/ A" (L, v s fle ™ 7 ) Hpe
f*f L “r
> [ dt’ / df”z [ dly / dry / dl; / dr;

o)t miFa= )t bl il (1 —t )0n ety (t' - f”)bljsl“j(f”)-

0z, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)
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Calculate the amplitudes for microscopic events
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0z, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)
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Microscopic description — toy model

Calculate the amplitudes for microscopic events

(Livi: f:4]0: f:¢=0)® _(——) /dt/ A" (L, v s fle ™ 7 ) Hpe
f*f KL UL o0
> [ dt’ / df”z [ dly / dry / dl; / dr;
. IR J —o0 LR

D=270p;prVy e L Y (e Votgratyor, (81— )01 e, (8).

Assumptions:

1. T=0

2. Q=Q-X2=0
3. DTcot << 1

0z, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)
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Microscopic description — backaction |

Calculate the amplitudes for microscopic events

(Livi: f:4]0: f:¢=0)® _(——) /dt/ A" (L, v s fle ™ 7 ) Hpe
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0z, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)



Microscopic description — backaction |l

Calculate the amplitudes for microscopic events
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0z, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)
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Backaction

0z, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)
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Cotunneling time

[ ds[{Tgp(H)Igpe(t — 5)) — (Igp) (Igpc)]
eD(]QD)

S
i ~ h/AE

Tsp =

0z, A. Carmi, and A. Romito, Phys. Rev. B 90, 205413 (2014)



ETH:rich

Mesoscopic drag + backaction

..&!&‘ system
,,’ ..m detector

silicon backgate

Iog10(|top/VSD]top h/e2) |0910(|hot/‘/VSD:hm h/eQ)
-2 -0.5

. je: - bottom ribbon

D. Bischoff, M. Eich, OZ, C. Réssler, T. Ihn, K. Ensslin, Nano Lett. 15, 6003 (2015)
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Mesoscopic drag + backaction

A=\
silicon dioxide

silicon backgate Giop (€%/h) _0.016 Gipot (€2/h) _ 0.17

D. Bischoff, M. Eich, OZ, C. Réssler, T. Ihn, K. Ensslin, Nano Lett. 15, 6003 (2015)
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Mesoscopic drag + backaction

VSD.botA: omV VSD.IopiomV
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D. Bischoff, M. Eich, OZ, C. Réssler, T. Ihn, K. Ensslin, Nano Lett. 15, 6003 (2015)
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Mesoscopic drag + backaction

VSD.botA: omV VSD.IopiomV
dltOD/dep (S) alt;:)l/dvtmi (S) |top (nA) IlOP (nA)
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simulation

- ;. - g
silicon dioxide
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detector: finite bias

R. Sanchez, R. Lopez, D. Sanchez, M. Buttiker,
Phys. Rev. Lett. 104, 076801 (2010).

D. Bischoff, M. Eich, OZ, C. Réssler, T. Ihn, K. Ensslin, Nano Lett. 15, 6003 (2015)



Mesoscopic drag + backaction

e S Py
silicon dioxide
silicon backgate

step iii
[ B correlated cotunneling

clasically with with

blocked dephasing  excited state ground state

(a) (b) (©)

steps ii and iii are correlated

o

VSD.DOTA: omV

ETH:rich
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D. Bischoff, M. Eich, OZ, C. Réssler, T. Ihn, K. Ensslin, Nano Lett. 15, 6003 (2015)
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Backaction induced quantum phase transitions

Biesinger et al., PRL 115, 106804 (2015)

M. S. Ferguson, L. Camenzind, C. Mueller, B. Braunecker, D. Zimbuhl, and OZ, in preparation
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Backaction induced quantum phase transitions

Biesinger et al., PRL 115, 106804 (2015)
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M. S. Ferguson, L. Camenzind, C. Mueller, B. Braunecker, D. Zimbuhl, and OZ, in preparation
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Backaction induced quantum phase transitions

Biesinger et al., PRL 115, 106804 (2015)
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M. S. Ferguson, L. Camenzind, C. Mueller, B. Braunecker, D. Zimbuhl, and OZ, in preparation



ETH:rich

Backaction induced quantum phase transitions

Biesinger et al., PRL 115, 106804 (2015)

1140 -1135 -1130
p3 (mV)

M. S. Ferguson, L. Camenzind, C. Mueller, B. Braunecker, D. Zimbuhl, and OZ, in preparation
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Backaction induced quantum phase transitions

Biesinger et al., PRL 115, 106804 (2015)

see also, talks by
M. Devoret, I. Pop,
and A. Jordan : el e
-1140 -1135 -1130
p3 (mV)

M. S. Ferguson, L. Camenzind, C. Mueller, B. Braunecker, D. Zimbuhl, and OZ, in preparation
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Backaction induced quantum phase transitions

Biesinger et al., PRL 115, 106804 (2015)

see also, talks by
M. Devoret, I. Pop,
and A. Jordan
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M. S. Ferguson, L. Camenzind, C. Mueller, B. Braunecker, D. Zimbuhl, and OZ, in preparation
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Backaction induced quantum phase transitions

Comapre with, Goldstein,
Berkovits and Gefen, PRL 104,
226805 (2010)

M. S. Ferguson, L. Camenzind, C. Mueller, B. Braunecker, D. Zimbuhl, and OZ, in preparation
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Backaction induced quantum phase transitions

s -1135
-1102 -1100
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M. S. Ferguson, L. Camenzind, C. Mueller, B. Braunecker, D. Zimbuhl, and OZ, in preparation
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Backaction induced quantum phase transitions

€L (Vi, Vr)[meV]

M. S. Ferguson, L. Camenzind, C. Mueller, B. Braunecker, D. Zimbuhl, and OZ, in preparation
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Backaction induced quantum phase transitions

I €. (Vo, Vi) [meV] €L (Vi, Vr)[meV]

M. S. Ferguson, L. Camenzind, C. Mueller, B. Braunecker, D. Zimbuhl, and OZ, in preparation
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Summary

Quantum measurements Measurement backaction
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