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|. Single qubits with vanishing dissipation.
(Tsal, Lukens, Barbara, Sarachik)

Superconducting Qubit

Josephson junction
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Observation of Coherent Superposition of Macroscopic States
Jonathan Friedman, Vijay Patel, Wei Chen, Sergey Tolpygo and James Lukens

The SQUID

(Superconducting QUantum Interference Device)

*SQUIDs like integer flux quanta, ®,
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S. Chakravarty & S. Kivelson, PRL, 50, 1811, (1983)
J. Friedman, €t al., Nature, 406, 43 (July, 2000); C. Van der Wal, et al., Science, 290, 773 (Oct. 2000)
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Quantum tunnelling in Mn,,-acetate
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L. Thomas, F. Lionti, R. Ballou,

R. Sessoli, D. Gatteschi, and B.
Barbara, Nature (London) 383, 145
(1996).

J. R. Friedman, M. P. Sarachik, J.
Tejada, and R. Ziolo, Phys. Rev.
Lett. 76, 3830 (1996)
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|1. Single qubits with controlled dissipation.
(Paalanen, Haviland, Demler, Chakravarty, Chudnovsky)

RCSJ model for a Josephson junction:

2
H = EC (ﬁ-l_zgj _EJ COS¢ +Hdissipation : [¢1ﬁ] :i
e
Voltage:a—l_I ;  Current = @
0Q dt

After integrating out degrees of freedom in H we obtain the following additional

o ] ] ] dissipation 5
term In Imaginary time action: '
oinay a ¢ (#(r)-¢()) R,
—— |drdr > ; a=—
8 (1' —T ') R
E, [ Quasi-superconductor” S. Chakravarty,
S Phys. Rev. Lett. 49,
E. 681 (1982).
Superconductor A. Schmid Phys
Rev. Lett. 51, 1506
(1983).
| nsulator




Haviland and Paalanen described experiments designed to
examine the small a region.

Paal anen observed a zero-bias resistance ~ T (2-2/)

Universal properties independent of E;/E. ?

Scaling as afunction of voltage, frequency and temperature ?

Chudnovsky: microscopic model of decoherence by coupling
of spinsto lattice vibrations.

More info on this work is|here.



Subir Sachdev
More info on this work is here.

http://onsager.physics.yale.edu/talks/ECaspen.htm

111. Quantum phase transitions of coupled qubits.
(Kasevich, Zoller, Rosenbaum)

Cold bosons (or fermions) in an optical lattice

* Example: Bose Hubbard model EC - l l

H=-> Jugblbs+ %UZ bl baba

/ #11
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E kinetic engery: interaction:
J hopping onsite repulsion _T T T T T

* realized by loading BEC into an optical lattice

* gystem where we have ...
— microscopic understanding
— controllable parameters: laser
— (small) decoherence
— measurement




Kasevich — 30 lattice sites in one dimension, 50 atoms per Site:
Large E;: Interference indicates phase correlations, as in a superconductor.
Large E.: Absence of interference indicates fixed number states,
asin aMott insulator

e Adiabatically (with
respect to many-atom
ground state) ramp
lattice intensity to form
squeezed states (200
msec).

{ 7E,
lattice
1 depth

| 18 E, Jattice

e Switch off harmonic trap, | depth

hold for short time (2
msec) in gravitational
potential (lattice beams
vertically oriented).

Density (arb. units)

| 44 £ attice

e Release atoms from depth

lattice. Observe
interference of atoms
released from lattice.

Vertical Position (pixels)
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FAgure 2 Absorpticn images of multiple matter wave interference patterns. These were
obtained after suddenly releasing the atoms “rom an cptical latlice potential with cifferent
patential depths L aftera time o flight of 15 me. Valuesof Vywere:a 05 b 35 ¢, 7 £ ,;
d 10 e 136 L1459 16 £, ardh 20 £,

|. Bloch, T. Hidnsch et al., Nature Jan 3 2002
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Crossovers at nonzero temperature

T —
- Quasiclassical
d dynamics
Quasiclassical Que_ar_ﬂum ;7 To ;
rerics critical - /
y \
Insulator: :
Gapped \\ "spin waves"

quasiparticles \ described by
and quasiholes  °, / Gross-Pitaevski

>
Jc \ g=t/U=E, | E.
Relaxational dynamics ("Bose molasses") with

: . : S. Sachdev and J. Ye,
phase coherence/relaxation time 7, given by Phys. Rev, Lett. 69, 2411 (1992).

K. Damle and S. Sachdev

1 (Universal number) k;T (LK =20.9kHz)| Phys Rev. B 56,8714 (1997).

Iy

R Q? [ hw
Conductivity (ind=2) = =—
y ( ) ; Z(kBT

M.P.A. Fisher, G. Girvin, and G. Grinstein, Phys. Rev. Lett. 64, 587 (1990).
K. Damle and S. Sachdev Phys. Rev. B 56, 8714 (1997).

j > - universal function



Rosenbaum: LiHo, Y , . F, - experimental realisation of Ising model in a

transverse fidd
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excitations.
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“Spectral hole burning” in dilute Ising spin system:
Coherent spin oscillation at afew Hz.
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V. Quantum phase transitions with microscopic dissipation.
(Shimshoni, Chakravarty, Demler)

Chakravarty: Lattice of coupled Josephson junctions, each with its
own dissipative heat bath.

H = ECZﬁJZ _EJ;;COS(éj _¢k) +Hdissipation ! [ﬁj’ﬁk] :iJJ'k
j K

Integrating out degrees of freedom in H 40, Yi€lds the following additional term in
imaginary time action:

2
Nt)—o (T)—0@ (T r'
iz'fdrdr'(¢’() ¢k() ¢J(2 )+¢k( )) ; a:&
8772 <jk> (T—T') R
Superconductor
d+1 Single
dimensional = J unction
XY model E, / transition
Ec| [Mea
a
S. Chakravarty, G. Ingold, S. Kivelson, and G. Zimanyi 1

Phys. Rev. B 37, 3283-3204 (1988) Physical origin unclear



Spivak : Superconducting grains in ametallic environment: spatial modulation
of coupling between electrons cuts-off BCS logarithm
Order parameter: (,U(xj | r) -l

Action for metal-superconductor transition:

S = [dr [d*x| [O@f* r(x)wf+ ull' |

p(r)p Oy ¢(7)¢o(r)
(r—r')2

Maps onto Hertz theory for ordering transition of paramagnon
modes in aFermi liquid.

: jdrdr'

Dynamic exponent in the absence of disorder: z=2.

More work needed to understand transport properties and kinetic
eguation (Phillips and Dalidovich).

B. Spivak, A. Zyuzin, and M. Hruska, Phys. Rev. B 64, 132502 (2001).



Shimshoni: Percolation model of metallic “puddles’ in a superconducting
environment.

Ty

-y

Classical eguations for transport between puddles: requires finite dephasing
length as temperature vanishes.

Provides good fit to longitudinal magnetoresistance in “metallic” phase
between superconductor and insulator, and between quantum Hall plateaus.

Efrat Shimshoni, Assa Auerbach, and Aharon Kapitulnik, Phys. Rev. Lett. 80, 3352 (1998)



V. Superconductor-(metal )-insulator and quantum Hall transitions.
(Tinkham, Kravchenko, Goldman, Mason, Shahar)

Tinkham: Resistance of thin superconducting wires. Phase slip events
lead to finite resistance at al temperatures below the bulk critical
temperature. Data explained by a model of statistically independent
phase dlip events occurring with probability

AF [ KgT,

e ¥’ (thermal activation) + e (quantum tunnelling)

Kravchenko: Experimental study of global phase diagram of quantum Hall
effect. All results consistent with Jain’s picture: “the fractional quantum
Hall effect is the integer quantum Hall effect of composite fermions”.
Topology of phase diagram for the integer quantum Hall effect is
mysterious:. results disagree with the picture of “floating up” of extended
states of Khmelnitskii and Laughlin. Apparent merging of extended states
with decreasing field and a metallic state at zero field.



Goldman

BISMUTH

Apparent superfluid-
Insualtor transition.




New system for quench-deposited films: apparent intermediate metallic state.
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Evidence for an intermediate metallic state in the
presence of an applied field. Conductance of metal is
very high.



Effect of aground plane.
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FIG. 3. Resistance versus temperature curves for bare
(solid line) and ground plane (dashed line) samples. Main
figure shows 30A sample at H=0.6,0.8,1.0,1.1,1.18,1.25, and
1.5 Tesla. Inset shows 40 A sample at H=1.7,1.75,1.8, and 2.0
Tesla.




Shahar:

Transport near quantum Hall transitions in mesoscopic samles.

_ h (v-v.)/(a+bT)
pxx ?

h
e

Py = guantized independent of v

Plateau width does not vanish as temperature goes to zero.

M easurements of conductance fluctuations as a function of
temperature, system size, and filling factor.



V1. Decoherence in metals.
(Marcus, Gershenson, Birge, Willett)

T¢ - phase coherence time: more properly it is the cut-off time
for interference effects between time-reversed quasiparticle paths
In adisordered metallic states. cf. this cut-off time includes a
contribution from spin-orbit scattering. Other quantum states with

different elementary excitations need different definitions of phase
coherence times.

Gershenson: Measurements of Iy In metallic wires and films. All
agree with the theoretical prediction:

hookT
7, (L)

Theory breaks down when g(L ;) ~ 1; strong localization with
hopping conduction at smaller values of g



Birge:

» Careful investigation of low temperature saturation of 7,in thin wires
of Ag, Cu, Au.

 Saturation in magnetoresistance measurements might be due to
magnetic impuritieswith T, < 0.1 K and concentration less than 1 ppm.

» Measurements of energy distribution function of electrons by
tunnelling from a superconductor into wires lead to (in Cu, Au) a
collision kernel
T’
K(e) ~ =

Explained by Kondo scattering (Kaminsky and Glazman)

* Field dependence of Aharonov-Bohm oscillations also consistent with
magnetic impurity model.

Willet: magnetoresistance in ultra-thin metallic wires. No saturation of
7,1n 5 nanometer wires, and temperature dependence consistent with
theory. Thicker wires display saturation from “impurities’.



Marcus. Conductance fluctuations and Coulomb blockade in quantum
dots lead to measurements of 7. Saturation at low T cannot be explained
by spin-orbit scattering.

Speculation: Kondo scattering from “ Griffiths effects’ in
Interacting electron gas. Electronic local moments form dueto
fluctuationsin local environment.

e.g. weak bonds in a Hubbard model.
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VII. Other talks.
(Cirac, Lukin, Clarke, Chemla, Yamamoto)

Cirac: Possible fractional quantum Hall statesin rotating BEC
systems allow observation of fractional statistics.

Lukin: Dark states in quantum optics --- creation of coherent
states by dissipative effects.

Clarke: Design of alow noise flux detector: the INSQUID

Coupling loop

it

Input
loop Je Readout SQUID




Chemla: Trapping of 700000 degenerate excitons collapsing in a 24 um trap

Y amamoto: quantum computation by NMR



VIIl. Conclusions.

Thanksto

Aharon Kapitulnik and Eugene Demler





