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Introduction

[S. Shapiro, Phys.
Rev. Lett. 10, 80 (1963)]

steps in V-1 characteristic

FIG. 3. Microwave power at 9300 Mc/sec (A) and 24850
Mec/sec (B) produces many zero-slope regions spaced at
hv/2e or hv/e. For A, hv/e=88.5 uV, and for B, 103
WV. For A, vertical scale is 58.8 pV/em, horizontal
scale is 67 nA/em; for B, vertical scale is 50 uV/cm,
horizontal scale is 50 pA/cm.

» plateaus at voltages |/ = i—/]‘
» voltage and frequency related by constant of nature

Formulation of the problem

» two-mode Hamiltonian
H = == (a'b+ba) + Ea(Na,&) + Ep(N3. ).

E4, Ep: bulk energies of the fragments
¢: time-dependent trap parameter
» corresponding equations of motion

~
~

¢ = ————cosd—+ Az +ccos(ht) = Apfh,

= —V1—2%sing — q/g‘.‘),

» non-rigid driven pendulum

1, . .
H(z,¢,\) = —v1—2z2coso+ sAzz + gz cos ()
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» non-dissipative, classical dynamics
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» driving: resonance islands such that Az = k€2, dz/dt =0

» correspondingly Ay = k) + = cos(2t)

Connection of two independent condensates

* E,=0. Random phase. Well-defined number.

e connection E;#0 |I(§)=E,sng

e phase becomes defined in >
. P, En/2 e
t~1, .
excited o
I _—_—
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* Quasiparticle excitation * o
.. ..
I W PO\
e Energy relaxation in n 0 n

t~15>> 1,
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Phase measurement

« Well-defined number, random phase: ‘P(QD, <P';f)| = o

» After connection, phase becomes defined in t~ 1,

— 4yt sin2< QD_;D )]

1
lp(e, e ,t)|=ﬁeXP

. For yat=>1 = |p(@,0";t)|=2m)  'exp[—(o— @) y,t]

- Mixture of randomly centered pure gaussians of width  ~ (y,;z) /2
« Inagivenrun, oneis chosen:  ~exp[—2(¢— 60)*y,t]
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Realization of phase-locked solutions

» ansatz

kOt + ﬁ sin(Qt) + 06

% + acos(kQt) + 9z

o2

» results in (time-averaged over many cycles)
Adz
—o0z = —Jp(g/Q)sin(d@) — vkQ —yAdz

» Jz, do shown to vary slowly
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» tilted washboard potential with dissipative force
Fais = —yA 0z and renormalized plasma frequency

H(60,02) = 54 622 — Ji.(2/9Q) cos(8¢) + vkQ 5o

2J1(e/Q) + 7~k

» Jo at rest: phase locking 1 = k€2

» restrictions for parameters (first resonance: £ = 1)
ek Q) chemical potential difference much larger than
its modulation
= > 2707 existence of stable wells in the washboard potential
A < Q*  operation within MQST regime, Bloch oscillations small

A>Q number imbalance z = ()/A small
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Locking probability

» probability of reaching a stable well by starting with a random
initial phase?

» assumption: random initial phase equivalent to entering well
with random energy in effective washboard potantial

» energy dissipated within well

Fogrea 78 — / Fiis do = 2myA+/22/AQ

> |0Cking if Ediss > E() — El)al‘l’iel'
» trapping probability for random Ey — Epvier:

Ediss 2eA
w=—=-—--—---= 4 ¥ =y
EO - Ebarrler 523

» comparison to numerical simulation (1000 runs)
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» typical locking probability: 10%

Dr. Fernando Sols, Universidad Autonoma de Madrid (KITP 05/05/2004)



Chemical-Potential Standard for Atomic Condensates Based on Shapiro Resonances

Relevance of quantum fluctuations?

» number-phase uncertainty: [z, ¢| = —2i/N
» tunneling rate out of metastable well: x = wye= 270/
» « small and classical limit valid for

c

2QA

number of bound states =

> 1

o

) E
» N = 10° atoms, ¢ = 0.01Q, A = 100 — —~ =~ 100

wo

i.e., approximately 100 states supported by stable well

Summary

» visibility condition A Az < Q < A sufficient for precision
measurement

bo

» e.g. 109 Na atoms, wy,, = 27 x 100 Hz, p ~ 70 hwy,,
mean field energy F,(N) ~ AN™/® x 0.01s7,
Gaussian shape of width 6 yun,
barrier height 1.05 p

&

» Thus,
Rabi frequency wp ~ 27 x 0.05 Hz
plasma frequency w;p = 27 x 5 Hz
— phase locking sets in after 5s
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