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Wave function collapse in a mesoscopic device

G. B. Lesovik! A. V. Lebedev! and G. Blattet
1L.D. Landau Institute for Theoretical Physics RAS, 117940 Moscow, Russia
°Theoretische Physik, ETH-Honggerberg, CH-8093 Ziirich, Switzerland
(Received 3 December 2004; published 15 March 2005

We determine the nonlocal in time and space current-current cross corr(é(axgotl)f(xz,tzn in a mesos-
copic conductor with a scattering center at the origin. Its excess part appearing at finite voltage exhibits a
unique dependence on the retarded variapte,— (|X;| —[X,|) /vg, with ve the Fermi velocity. The nonmono-
tonic dependence of the retardationxgrand its absence at the symmetric positigr —x, is a signature of an
instantaneous wave function collapse, which thus becomes amenable to observation in a mesoscopic solid state
device.
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The recent years have seen a confluence of interests e extracted from such an isolated measurement. On the
guantum optics and condensed matter physics. This trend @her hand, the wave packet reduction appears naturally in
particularly apparent in the field of quantum information von Neumann's prescription of repeated measureniénts,
sciencé, where quantum optical as well as mesoscopicmotivating its experimental observation througpeatede-
nanoscale devices are being designed and implemented tgstion. In today’s context this is realized in the measurement
potential hardware components for quantum computing. I®f correlators, e.g., the current-current correlatamsise
addition to this technological aspect, fundamental questlona (t)|(0)> in a mesoscopic device. In such an experiment, the
traditionally investigated in quantum optical settipse now  second measurement tests the change in state induced by the
being implemented in mesoscopic structures. Examples af@’'st measurement and hence carries the signature of the
the recent proposals for solid state entanglarsd their po- wave function collapse.
tential use in testing Bell inequalitit® or the fermionic In our theoretical analysis below we stay within the
implementatioA of Hanburry-Brown-Twiss-type experi- framework set by the orthodox interpretation of quantum
ments testing for particle correlations induced by their statismechanics. We determine the current cross correlator within
tical properties. Another fundamental issue is the measurghe second quantized formalism which treats the wave func-
ment process and the associated collapse of the wawu®n collapse as an instantaneous and nonlocal process. Ac-
function. The latter has lately been discussed in the contextordingly, our result carries the signature of an instantaneous
of quantum measurement of quantum bitsvith the main  collapse as expressed through a vanishing delay time be-
focus on issues related to the backaction dephasing of thveen the appearance of particledectron$ in one place
qubit and the aquisition of information by the detector. In theand the vanishing of their quantum-alternative partrieps
present paper, we concentrate on the wave function collapggearance of holgsn the other place. On the other hand, one
itself and demonstrate how it can be identified and analyzedxpects that a collapse involving its own dynamics, e.g., the
in a measurement of current cross-correlators in a mesostitary Schrédinger evolution, naturally leads to a finite de-
copic device. lay which will show up in the noise experiment. Hence the

In the orthodox interpretation of quantum mechanics, theproposed experiment provides quantitative information on
wave packet reduction is introduced as an independent pothe properties of the wave function collapse in a mesoscopic
tulate within the context of the measurement procéss. device.

While the ordinary time evolution of a quantum system fol- To fix ideas, consider a particle wave incident from a
lows the dynamics described by the Schrédinger equatiorsource leads and split with amplituded, andtgy into the

the measurement process involves an instantaneous projegper(u) and lower(d) arms of a fork device, see Fig(&).

tion onto the pointer basis of the measurement device. AtWe emphasize that it is the unitary evolution dictated by
tempts to bind the wave function collapse into the convenwave mechanics which determines the propagation of par-
tional frame of unitary time evolution have been made,ticles into the two arms. For the time being, we ignore the
particularly in model systems describing a quantum degregossibility that the splitter projects the particles and distrib-
of freedom coupled to a reservéirput with limited success utes them into the two arms via a classical random process,
so far. The experiment suggested and analyzed below will bee., we assume that there is no object in the splitter associ-
suitable to separate an instantaneous collapse from one cated with a local hidden variable. This assumption has to be
rying its own dynamics through the measurement of retardachecked in the experiment and we will return back to this
tion effects. point later.

According to usual expectations, the detection of an indi- Hence before any measurement, the particles propagate in
vidual particle induces a wave function collapse, howeverterms of waves and are delocalized between the two arms. A
no useful quantitative information on the collapse itself canmeasurement of the current in one of the arms, say
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FIG. 1. (a) A splitter directs an incident wave
into arms(‘u’) and(‘d’) with amplitudes, and
ts¢ After measurement im (at t;=t and x; <0)
the wave is projected resulting in a specific se-
quence of particles. The simultaneous measure-
ment in armd (att,=t* andx,=-x; > 0) will de-
tect the conjugate sequence. Shifting the
measurement point in to smaller valuex; pro-
: : duces a delayr =(|x;|-Xo)/vg in the excess
R CE R TR R R noise with the symmetric dependence shown in
e (b). The actual calculation of the current excess
: PP R noise is carried out for the quantum wire with a
Iy ! scatterer characterized by transmission and re-

P equilibrium flection amplitudes andr, see(c). The processes
. rl e — contributing to the equilibrium and excess noise
P —Iﬁ T g R— N are sketched irfd).

' i(d) A excess b

projects the wave function and the subsequent evolution is img a (supejluminal velocity is beyond the attainable reso-
terms of particle streams, see Figal Note that we only lution.

need one measurement to project the waves to particle The above idea for a direct measurement of the wave
streams irbotharms. However, in order to detect tfiastan-  function collapse can be implemented with different types of
taneous collapse of the wave function, we have to perform mesoscopic experiment&) a beam splitter in a fork geom-
two measurements in the two arms allowing us to observetry can be realized with the help of electrostatic gates struc-
the coincidence between a particle missing in one arm andjring a two-dimensional electron gas as done in Refbp,
the additional particle propagating in the other arm. Such ap nearly ideal splitter can be realized in a quantum Hall setup
experiment can be realized efficiently if detectors are usegiith a split gate® and(c) use can be made of a simple quan-
which react on the presence of particles in one arm and holagm wire with a localized scatterer where the two arms cor-
in the other arm. The observation of a perfect coincidencgespond to the backward and forward scattering channels, see
between the appearance of particles and their partner holepsg_ 1(c). First, we concentrate on the last examBlehe
then is a demonstration of the instantaneous reduction of th@uantum wire, and determine the irreducible current-current

wave function in this setup. cross-correlator
The information that can be extracted from the noise ex-
periment depends crucially on its time resolution. For ex- Crpy(t = 1) = (1 (x4, 1)1 (35, 1))), (1)

ample, one may deliberately separétetime) the stream of

coincident events, i.e., particles and holesdirand u, by  \jth the signal measured once on the same side of the
choosmg'an asymmetric splltter. with a smaI.I transm'ss'orbcatterer(xlx2>0) and subsequently on opposite sides
stt(jrzgajczegtg Og:e?:catglf ma‘:rg?;irt']h: :g(?:n(t)f Srgllgiglhgsr ?ﬁ:”(xlx2<0). In the coherent conductor studied here, the excess
. H ex . — . N\ /= H H
measuremen){[ of the degree of entanglemgntpin a many bocg/Olse Cxl'xz(T’V) — Cxl'XZ(T’V)._(_:Xl'XZ(T’V_ 0 is e”“fe'y
wave function. A detector with limited temporal and/or spa-°-< fo the quantum shot noise; the latter has been intensely
tial resolution then is still capable of detecting individual studied during the past yeatSMost o_f the;e St.Ud.'eS have.
events and thus can serve in this type of coincidence exper(r‘-om.:elmr"’;]ted gg the I(_)t\)/v—frer::!uencfyf I|m|p, |gent|fy|ng guasi-
ment; however, the limited resolution restricts the analysis of awie charg Orlam'v\l;k?.(l: ltnhg 0 et.rtmlo.n fo fn;l]me tw;) |
the wave function collapse and its intrinsic dynamics. On th%v)\/eea;n rlicijvéntoe;(r?e:nr%gjétionlgf w:vgapr)allécl)(re"tgngs cleegfll)r/ Ii((:an-
[

other hand, if detectors with high resolution are used in th fied as the source of shot noléehis aspect has never been
measurement of cross-correlatded either current or den- . X ; P )
nalyzed in detail. The most interesting result is found for

sity) a finite frequency/short time measurement can trace th e measurement involvina current fluctuations on opoosite
signature of the wave function collapse for any value of theSioles of the barrier: we fir?d that the excess naSé, (pp))
transmissionty /2. Furthermore, a high resolution provides ' N

quantitative details on the collapse itself; in particular, it al-depends on a spatially retarded variable with the particular
lows us to determine accurately the delay time involved info'M 7=7 where 7 =(x;|=|x;[)/vg, see Fig. ). This
the collapse and hence an instantaneous collapse can be di§ould be contrasted with the ballistic retardation appearing
tinguished from a dynamical one. Typical parameters used if! the equilibrium noiseCZl, (7;V=0) and exhibiting the
mesoscopic setups involve time scales of order GHz andausally retarded dependeneer" with 7" =(|x;| +[x,|)/ve
length scales of order micrometers — one then easily checkgvolving the ratio of the traveling distance and the Fermi
that a dynamical collapse involving the Fermi velocity andvelocity. This latter type of retardation has to be expected
beyond can be resolved, while a dynamical collapse involvdue to the relation between the equilibrium correlator and the
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(causally retardediinear response function enforced by the
fluctuation-dissipation theorem. On the contrary, the particu-
lar dependence on— 7 appearing inC®* identifies the pres-
ence of instantaneous correlations between spatially sepa-
rated events, which we interpret as arising from the
instantaneous collapse of the wave function.

We now turn to the derivation of the above results and
determine the excess noise in the current-current cross-
correlator. We concentrate on the geometry sketched in Fig.
1(c) and define the field operatot®r one spin component;
v =12me)

Cex

Xl,X2

2¢? o e
(n)= e f dede'gle ol )’ﬁtEtErre,rf[nL(e’)

—nr(e)] [ni(e) = nx(e)], ©)

2¢? (e -
()= 7 f dede’ €€ -9 VAT R n(€')

~ R T nr(e)][n (€) = nx(e)], (6)

with the unique retardatior . In the following, we drop the
energy dependencies of the scattering amplitudes, allowing
us to perform the integration over energies, and we find the
simplified expressiongwe denote the temperature lsyand
assumekg=1)

Eex

Xl’X2

- de _ . A A
‘1’|x<o=f VTT[(e'kX”Ee k) 3+t e JeTit

2e’T
Wlio= J r(:]i[teeikxé‘e‘” (e 4 &b Jerte Crm0) == —lalr+ 7.0+ a(r=7,0)],
X

€

with &, (65) the electronic annihilation operators for the left Cif,xz(ﬂ 0)=- Zh;e;a(ﬁ 7,0 +a(r—7,0) -Rla(r+ 7,60
(right) reservoir and, r, r’ the usual scattering amplitudes.
Substituting these expressions into the current operator
[(x,t)=(ier/2m)[ 4P * (X)¥(x) = PT*(x), ¥ (x)] and using the
standard scattering theory of noise€>1®we obtain the ex-
pression for the current-current cross correldfgr We split h? 2%

the result into an equilibrium pa@;’, (7) and an excess part . ) .
172 with the temperature dependence given by the expression

ex : 4. ;
Cigr(7) With 7=t,~t5; correlators evaluated at the same Sldea(r, 0)=m20Isintf[wo7/#]; in the zero-temperature limit
of the scatterer are denoted By those on opposite sides by

+a(r—7,0)],

CEX

Xl'XZ

(n8)= 8e2TRSi nZ{ eV(r- 1)

]a(r— 7,0, ((7)

C. Assuming|e' —€| ~eV< e, with V the applied voltage
and - the Fermi energy, we drop terfissmall in the pa-
rametere’ — €|/ - and find the result for,x, <0 [the Fermi
occupation numbenrs, (e) andng(e) denote the filling of the
attached reservoits

c

Xl'XZ

2¢’ i * (a7
(T) - F f d6d61e|(e _E)T/h[tffteel(e -7 It nL(E')

X[1 -ny(e)] +t,t e €97 no(e)[1 - ng(e)]],

)

this reduces toa(7,0)=%2/72. The singularity atr—0 is
cutoff for 7<f/ez and the equilibrium correlator changes
sign as individual fermions extending over the Fermi wave-
length A are probed; proper calculation of this feature re-
quires us to account for the finite Fermi energy and band-
width of the electron system. Quite remarkably, the excess
noise is given by a unigue expression and involves only the
retardations”. The above results apply for the quantum wire,
see Fig. 1b). The result(7) for the excess noise is easily
rewritten for the fork geometry in Fig.(&) by replacing the
product of transmission and reflection probabilifi¢zby the
product T, Tss With Tg, and Ty the transmission probabili-
ties from the soure lead into the upper(u) and lower(d)

the scattere(x;x,>0) takes the form

c

X1:Xo

2¢? S -
(T) — ? J de de’ el(e _E)T/ﬁ[Tsre_l(E -€)T /hnL(Er)

X[l _ n,_(e)] + (ei(e’—e)f_/ﬁ + Réle—i(e'—e)r_/ﬁ) nR(E’)
X[1-ng(e)] - (rLr =97+ c.c.) ng(e’)
X[1-ng(e)]]. €)

The time dependence appearing in E@.and(4) involves
the retardations
7 = ([xq| £ [Xo|) /v

(4)

with v the Fermi velocity. The excess pﬂiﬁxz(r) is given
by the expressions

reflected beam in the quantum wire is replaced by a second
forward directed beam in the fork geometry.

Let us analyze the resulfg) in more detail. Consider first
the equilibrium noise. The sign of the correlator follows from
the fact that a, say positive, current fluctuation is followed by
a compensating and hence negative excursion. The terins
and « R appearing inC®9 derive from correlations in the
incident flow and between the incident and reflected flow,
while C®9 measures correlations between the incident and
transmitted waves and hence involves the transmission coef-
ficient T, see the diagrams in Fig.(d). The signs are as
expected from the above arguménbte the sign change in
the terme R due to the current reversaind all retardations
are causal involving the geometric distance between particle
detection. The symmetry«— —7 is due to the equivalence of
the two reservoirs injecting particles symmetrically under
equilibrium conditions.
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The excess noise measures correlations between the trans-
mitted and reflected particles, see Figd)1 Its retardation
and sign are those expected assuming an instantaneous col-
lapse of the wave function. That is, projecting the wave by
the detection of an electron & implies the instantaneous
appearance of a hole gf traveling in the opposite direction,
thus resulting in a positive sign @** (note the change in
sign when going from the point contact to the fork geom-
etry). Furthermore, the vanishing of the relaxation tirie FIG. 2. Experimental setup testing the wave propagation of
right at the symmetric locatior, =—Xx, is the hallmark of the electrons before projecting the wave function in the noise measure-
instantaneous collapse of the wave function. On the othement. In a first step, the phase differenge=¢,~ ¢4 picked up in
hand, the observation of a nonzero time deflaythe sym-  the propagation along the upp@y or lower arm(d) and the mixing
metric locationx;=-x,) would indicate the presence of a angled of the four-beam splitter are arranged such that no electrons
nontrivial dynamical element in the process of wave functionpropagate into the upper ara the phasee may be manipulated
collapse beyond the framework of the orthodox theory withthrough changing the flusb through the loop or via an electric gate
its projection postulate. Hence measuring the excess noise potential V. Next, the noise correlator is measurédlack tri-
an experiment and comparing to our reddlt allows us to  angles, projecting the electrons in the arrasandd and transform-
confirm or refute the instantaneous and nonlocal nature dhg the wave propagation into a flow of discrete particles. As a
the wave function collapse. Finally, the oscillations appear+esult of this projection, a finite current turns on in the upper @arm
ing in the excess noise are a consequence of the sharp Fermi

surfaces, their scalér~ h/eVbeing determined by the volt-  geometry and subsequently recombined and redirected into
age shifteV between the reservoirs; a temperatére eV the |eadsi and d with the help of a tunable reflectionless
smears this sharp shift and the tails with their oscillationstgyr-beam splitter. The phase differenée=¢,— ¢4 picked
vanish exponenhallycexp(—Zyr&/ﬁ). up during the propagation in the upper and lower leads can
Above, we have emphasized the quantum nature of wavge tuned, either via a magnetic fldx threading the loop or
propagation in our determination of the excess noise. Ongia an additional gate electrode biasifwgth V) one of the

may ask about the outcome of this experiment within a clasarms. The second beam splitter is characterized through its
. -Cone
sical model of electronic transport, where the splitter ranyrgnsfer matrixM

domly distributes thé¢ordered stream @farticles among the _ A

two arms of the forl{see Fig. 1a)] or, in our geometry, in uy e'®cos & —e'¥sin &\ [u ®)
the forward and backward directiopsee Fig. 1c)]. Indeed, 4/ \esin 9 e Pcos§/\d)’

particles sent into the forward direction then are correlated ~

with missing particlegholeg in the backward flow and the Mg
correlator has the same sign and retardation as in the quan-

tum case. Note, that the particular retardation givenblyas ) o
a different origin in the classical and in the quantum case: ifVith the anglesd e (0'77_/2)’_9{"’/’ e (0,2m); without loss
the classical situation where particle-hole pairs are locally°’ 9enerality we assumé=¢=0. The wave function behind
generated at the splitter, the delay derives from the differenci€ Splitter then can be written in the form

in the travelling times of the_ particle anq the hole, while in aua: (cos® €%uty,— sind €% t.)[T) + (sin & €%uty,

the quantum case, the particle-hole pairs appear due to the _ _

nonlocal process of instantaneous projection. +c0osY €¢dtyy|d). 9

A meaningful experiment has to distinguish between th .
classical and the quantum-mechanical scenario producing tﬁléhe four-beam splitter shall be tuned such that all electrons

: ly one of the output leads, say the down lead
measured results. In order to show that quantum mechan é)ropagat_e to only ” , ! .
u W quantu ' implying the condition tamy=+vTg/ T eXdi(Se+ xsu

is at work one has to confirm the wave propagation in the™ .
Pord J1, where we have separated the amplitudes and

device prior to measuring the current cross correlator. This Xs

can be achieved through the observation of a coherence phllases of the transmission coefficientg=Tsexplixs)

nomenon and we discuss two specific setups in the followdnd similar fortsg. Tuning the phasée+ xs,~ xsq to a mul-

ing. tiple of 27 and choosing the appropriate angle
(i) Inserting a second barrier, the observation of resonant tand,= Vm (10)

transmission through the interferometer formed by the

double barrier system confirms the wave propagation in thene may redirect the recombined waves into the down lead.

device. An implementation using electrostatic gates modulatFurthermore, subsequent scanning of the pligswill pro-

ing a 2DEG allows us to manipulate the second barrier withduce an oscillating current in the output leddanalogous to

out significant perturbation of the remaining sample. the intensity oscillations observed on the detector screen in
(i) Following ideas developed within the context of the the double split experiment. The observation of current os-

famous double slitGedankejp experiment, we propose the cillations as a function ofS¢ proves the coherent wave

specific setup sketched in Fig. 2 which tests the particlepropagation of the electrons through the device.

wave duality during the experiment. The incident particle After establishing the quantum nature of the electron

beams is split into an upperu) and lower(d) arm (fork  propagation, the wave packet reduction is investigated
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through a measurement of the current cross-correlator beredictions. In fact, a local hidden variable at the splitter
tween the two arms andd. This measurement and its con- could emulate the shape of the time resolved correlator in-
commitant wave function collapse will transform the wave cluding even the oscillations on the time scajeh/eV. One
propagation in the two arms into streams of particles. As dhen may assume one of the following two view poin.
consequence of the projection through the measurement Accepting the applicability of quantum mechanics one only
finite current will appear in the upper le@ad The magnitude needs to rule out the presence of dephasing in the device; the
of this current is determined with the help of the densityabsence of dephasing is most simply confirmed through the
matrix p behind the four-beam splitter: transforming the den-observation of the time oscillatiomsir?(eV 87/2#) in the
sity matrix p=Tg,|u)(u| +Tsq|d)(d| describing the electron correlator itself(b) Those critical about the validity of quan-
streams in the two armsandd after the projection with the tum mechanics first have to confirm the wave dynamics in
help of Eq.(8), we obtain the currenl,)=2(e?/h)Vp,, with  the device; the experiment§) and (i) described above are
designed to achieve this goal.
_ o ) TeuTsq The current correlator is not directly measured in an
P = (UlpU) = Tg, €08 B + TeySIN® 9 = T experiment; e.g., an old-fashoned Ampére meter determines
sut sd the angular excursion of the pick-up loop. One then has to
(11) relate the correlator of this classical meter variable to the

where we have made use of EG0) in the last equation. For correlator of the quantum systefhFor a linear detector, one

a reflectionless splitter we havie,+Te,=1 and the final re- expects that the measured classical correlator can be

sult for the current appearing in the leadcafter projection ~ constructed from the quantum correlator through a linear
takes the form connection. Conventional wisdom tells that it is the symmet-

ric correlator that appears in an actual measurerfelnt-
<|‘u> = 4NV T oy (12) degd, a recent analysis carr'ied out for an Ampere meter mea-
suring local current-correlations shows that the main term in
The maximum difference between the currents with andhe response is determined by the symmetrized correlator
without projection is obtained for the symmetric splitter with [C(7)+C(=7)]/2;'® however, additional small corrections ap-
To=Te=1/2. pear involving the antisymmetrized correlator, too. The gen-
The above two-step procedure confirming the waveeralization to measurements at spatially separated locations
propagation of the electrons before the measurement of th&lates the measured correlator to the fully symmetrized
current cross correlator excludes a classical interpretation @xpression[C, .(7)+Cy . (-7)+C, » (D+Cy 4 (-7)]/4 as
the features showing up in the noise correlator; analyzing théhe main term.
time delays in the excess noise then provides the seeked for Alternatively, the signature of the wave function collapse
information on the wave function collapse. In particular, themay be detected in a frequency domain experiment; the re-
instantaneous collapse should manifest itself through a zersult for the spectral powﬁixz(w): I dTCiiXZ -7 expliowT)

time delay if a symmetric setup witky=—X, is chosen; on of the excess noise takes the form
the other hand, one expects that a collapse within the frame

of unitary time evolution produces a finite delay which the X _ 2¢°TR | ToteV ho—eV
present experiment is able to detect, provided the time reso- Sx(@) = h © 1 g Gaorewio * 1 _ g ho-evio
lution of the noise measurement is adequate.

The test for the instantaneous wave function collapse dis- _ 2hw } (13)
cussed here is related to the nonlocal properties of quantum 1—ghel?

mechanics. The standard test demonstrating the nonlocal na-

ture of quantum mechanics is due to B€lBell inequality =~ and contains the characteristic delay as a phase factor.
tests produce different outcomes within a classical frameAgain, a detailed analysis is required in order to relate
work (based on local hidden variabjeand within a the experimentally measured quantity to the current excess
quantum-mechanical description. On the other hand, thgoise. For the case of an inductive measurement with an
measurement of correlators, while producing interesting reLC circuit and coinciding positionsg=x, such a study
sults on fundamental issues of quantum mechanics, too, cahas been carried oét; here, it is the symmetrized power
not separate between the quantum mechanical and the cld$ ,* S, Jo>0/2 which can be measured via the charge
sical predictions. A prominent example is the measuremerftuctuations on the capacitor in abC circuit with two

of strangeness correlations in tK€K° system: The decay of pick-up loops atx; andxs.

the kaons prevents one from carrying out Bell inequality The above analysis has been carried out within a nonin-
tests. Still, the observation of oscillations in the strangenesgeracting approximation. Accounting for the effect of Cou-
correlation provides information on the entanglement in thdomb interaction one may worry that the noise signal is
kaon wave functiori® Nevertheless, this type of oscillations damped due to the smoothing produced (byngitudina)

can be generated within the framework of a hidden variablescreening; the latter involves the Fermi velocity. On the
theory, too. In the present case, the measurement of the noiséher hand, the incoming electrons propagéitso with
correlator provides information on the wave function col- Fermi velocity in the form of a regular sequence of wave
lapse, in particular, its dynamics. Again, the experiment itselfpackets separated by the single particle correlation?me
cannot separate between quantum mechanical and classieg=h/eV, a consequence of the Fermi statistics of electrons.
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The screening of the density modulation on sagle, then  below 0.1 meV. Given a typical valug-~ 10* cm/s for the

involves a time scale, or longer. As the time resolved noise Fermi velocity this corresponds to a spatial resolution
correlator also peaks on the time scalgone expects that ;_/y,,~100 A. The comparison with a typical mesoscopic
screening modifies the shape of the noise correlator but prefimension ofL ~ um scale demonstrates that potential de-
serves its basic form. This conclusion agrees with the obsefsy s expected for a collapse with a unitary time evolution can
vation that shot noise is usually observed with the large amp . opserved well beyond the scale of the Fermi velocity.

plitude obtained within a noninteracting apprOXimation'However the observation of a superluminal collapse would
Unfortunately, only few detailed theoretical results are avail- J . 4 1 b P:
Jequire frequencies/L~ 10** s in the 100 THz regime as

able on the modification of shot noise due to interaction: in
diffusive conductor the zero-frequency noiSt0) is even well as large voltages of the order of volts, both well beyond

enhanced due to Coulomb effeétthe analysis of a ballistic the acceptable range.
quantum point contact with a large transmission produces To conclude, we have suggested an experiment testing for
again an enhancement 8f0), while the shot noise is weakly the instantaneous wave function collapse in a solid-state
reduced in the tunneling limft! Finally, weak interactions setup based on the time resolved measurement of current-
can be accounted for via an energy dependent renormalizgurrent cross correlations at spatially separated points. This
tion of the scattering matrfX leading to a broadening of the scheme allows to investigate details of the wave function
electron wave packets, in agreement with the above discugollapse itself, provided a sufficiently high frequency resolu-
sion. tion is available in the experiment. While measurements of
Dephasing due to interactions among the particles or withime delays due to a unitary collapse involving super-Fermi
the environment acts differently on the electrons propagatinge|ocities are within experimental reach, the type of mesos-
in the two leads and causes an exponential damping of theypic setup described here cannot trace time delays arising

excess correlator on the coherence lengfh As a conse-  gqam g collapse involving superluminal velocities.
quence, the sum of distances and x, should be chosen

smaller thanL,. An additional requirement is a sufficient ~ We acknowledge financial support from the Swiss Na-
experimental time resolution: with a peak width@y*, (1) tional Foundation(through the program MaNEP, SCOPES,
given by ,=maxh/eV, 1/v], with v, the cutoff frequency and CTS-ETHZ, the Landau Scholarship of the FZ Julich,
in the measurement setup, only shifts| > 7, can be re- the Russian Science Support Foundation, the Russian Minis-
solved. Assuming a frequency resolution in the 10 GHztry of Science, and the program “Quantum Macrophysics” of
regime® the peak inciixz(r) can be resolved for voltages the RAS.
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