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Artificial Vector Potentials Application: Artificial AC Electric Forces Experimental Sequence Conclusion & Outlook
The “minimally-coupled” kinetic energy Hamiltonian, describing the . : : . < RF, RF + Raman: We initially prepare our BEC in the |F, mz) = |1, —1) ground state of 87Rb. We have seen evidence of collective oscillations of a BEC driven by an
_ _ Artificial vector potentials have Fig. 4. Figure 3 from , _ , ) _ _ o _ _ _ . _
dynamics of a charged particle g has the form : : Using a RF-assisted loading technique developed by the Spielman lab [6], we move atoms in AC artificial vector potential. Numerical Gross-Pitaevskii equation
, been able to simulate phenomena [3], demonstrating the ,
g=->1 (p — gA(% t)/c) (1) such as charged particles in DC 5 change in momentum the lowest Raman-dressed energy band at zero momentum (Fig. 2a). We evaporate the ODT simulations of a BEC under like circumstances show similar results. We
2 ) ) :Q . ~ . _ . . . . . .
5oL m _ _ electric field pulses [3] (see Fig. 4) 3 experienced by the to a trap frequency of /5 Hz (measured without Raman beams) along the x-direction. wish to refine and extend our work in the following areas:
where A(x, t) is the classical vector potential. In the last decade, it and magnetic fields [4], and even 2 atoms from rapid ¢ Hold: We have the option of ramping the detuning to a non-zero gauge potential. For now . . o
has become possible to produce and observe the effects of so-called electromagnetic knots [5]. E change in a synthetic we keep it constant and the gauge potential zero. ” Exper.lment.— To understand the BEC’s drive frequency-re.spon.se,
“artificial vector potentials” in ultracold quantum gases [1]. s vector potential % T, For a variable amount of time, T,,,, we sinusoidally modulate the Raman detuning we will particularly need to reduce or control the 60 Hz ripple in
(a) Y We want to extend upon these (reproduced with 5(t) = &, sin(2nf t) via the bias current,. Typical values of §, are around 20 kHz. the magnetic bias coil current. Improved feedback control on the
@ methc.)ds. to simulate an oscill.ating Vector potential change q°(A* - A)/fk, permission). < Off, TOF: We turn off the Raman beams and optical dipole trap (ODT) to project the Raman- current supply may provide the solution. We can also investigate
electric field. A Raman detuning dressed states back onto the bare spin-momentum states. We allow the atoms to fall in a the origin of the fringes sometimes seen in the TOF images.
that varies sinusoidally can create vertical Stern-Gerlach
an artificial AC vector potential (Fig. Detuning (6/E;) Fig. 5. Around small gradient magnetic field, in ___EF____ERHRaman Hold Tug Off TOF - Furth.ermore, we W.ISh to extend upor.l thfe art|f|C|aI. magnet.lc field |
5 5_>)' The induced AC electric field 2 G0 5 05 10 15 g e time-of-flight for 25 ms. Q / \ ey techniques [4] and implement an oscillating detuning gradient. This
c;vlz E*(x, t) will drive the motion of the i Raman detuning During TOF, the spin 0 N —————— will ideally emulate an oscillating uniform magnetic field,
Ty ‘ atoms inside their harmonic e produces a components with different 6 accompanied by oscillating, curling electric field (Fig. 12).
R N P confining potential. We expect the S oo /\ sinusoidal vector momentum separate
------- 0 response of the atoms to depend E 05 potential. This time- horizontally; the gradient  oDT Fl AN /AN /AN /AN AN
[+ 1) 10) =1 upon the frequency of the trap © 10 é dependence would field also separates the 0 \ o L N ML N/ Fig. 12. A spatially-
_ | o . | potential, similar to a driven 5 < produce an artificial spin components vertically 0 Image Time (au) varying detuning
Fig. 1. (a) A bias magnetic field B(t) providing a 2.4 mG field. Raman beams at : : < -20 | AC electric field : Time 10
harmonic oscillator. > electric tiela. (see Fig. 7). 4] —t— S creates a vector
790 nm with 35 mW in each beam and Aw; = 1.5 MHz. (b) Raman-coupled Fig. 6. The experimental sequence we follow to observe an PP — p— I 2 potential with non-
Zeeman-split levels of the 8’Rb F=1 ground state. € is the quadratic Zeeman shift. artificial AC electric force. = 2 —— - 05 E sero curl. Making that
m
The Raman Coupling Scheme o, Dah S . % uniform detuning
. . . . . i = dient ti -
In the Raman coupling scheme shown in Fig. 2a-b, a magnetic bias @ S>> ‘g, Sradient Jme
_ . g ol P iy . dependent creates a
field B(t) and two Raman laser beams provide the tools necessary | g o
o _ _ _ _ . . e —— I E situation where
to create an artificial vector potential. The bias field splits the Prel IMmin ary Res | ItS 4] t—— SN L8 Vx B2, 6) = B(b).
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Zeeman spin levels of an atom. Pairs of spin levels are coupled via i .
Artificial Vector Pot. (kmin/k;)

two-photon, A-configuration Raman transitions. A Raman transition
of this geometry supplies a recoil momentum kick of 2k to the | | < Simulation — In our simulations, we want to investigate how
atoms. Hence, the individual spin states become separated in From our TOF images (Fig. 7) we extract the interactions affect the way the BEC experiences and responds to an
: atom number N, . and position of each spin-
momentum space fro.m eac.h other by 2k;; the t.hre.e sepa.rated M P P AC artificial electric force. Additionally, we will easily be able to
energy-momentum dispersions (dashed curves) in Fig. 2a illustrate component. These values allowed us to - late the time.d dent detuni dient 4 ab
: : : P : simulate the time-dependent detuning gradient proposed above.
this concept. A strong Raman coupling (2 = 4.47 E; /h ) has the calculate the induced artificial vector potential P g8 prop
e, e « e . . o ] ] ] Zm N
additional effeFt of m|X|ng the spln states into one large parabolic k... and the spin polarization P = Flimp s
ground state dispersion of effective mass m™. A non-zero two- 2Nmp
photon Raman detuning 6 (see also Fig. 1b) shifts the minimum the cloud for different values of Ty, (Fig. 8).
k..:, of the parabolic dispersion to one side or the other in We see that k;,;, and P oscillate at the same References
momentum space. frequency. This is consistent with the
20 20 experimental work and studies done on
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o - - At larger driving amplitudes, we also observed T Yimems) Time (ms) +1) 9] W. Bao, D. Jaksch, and P. A. Markowich, J. Comput. Phys. 187
the momentum representation of equation (1), where k,,;,, is density frineine takine olace. mostly at the ime (ms) S P ! S P ' ' !
playing the role of the vector potential; in this sense, ki, is a extrenr:/a of fhegcloudf’ Fr)noti(’)n (Fi y9) Further Fig. 8. The extracted vector potential (a) and the spin polarization (b) of the 318 (2003).
synthetic — or artificial — gauge potential. With this Raman coupling Sork is needed 1o understand thisg.efféct states as a function of T,;;. Both oscillated at about the same frequency. We are also studying the dynamics of a trapped
scheme, we can make a Bose-Einstein condensate simulate ' BEC in an artificial AC vector potential using GPU-
dynamics of charged particles in a vector potential*. Real-space Density Momentum-space Density e * | Positiog accelerated, Python-based code that we have @ UNIVERSITY OF CI FAR

= 06 Mcme.?entum recently developed. The code propagates solutions ' '
2.0 — FitQ=146E, Fig. 3. The dependence of our 04 1 . : . : : EEE CANAD'AN

- T 5 to the mean-field Gross-Pitaevskii equation in real

& 15 t Data measured artificial gauge © : : : |NST|TUTE

= . o % time [9]. From the simulations, we extract and

£ 10 potential ki, on the Raman 3 . | ' o q £ the cloud FOR

= . detuning for an Q = 14.6 E, /h. E : analyze the position and momentum ot the clou - THE CANADA RESEARCH ADVANCED

g ° Near zero detunine. the vector 2 0.2 as a function of time (Fig. 11). CHAIRS INSIGNIA

(- g’ E A SYMBOL OF EXCELLENCE IN THE PURSUIT OF KNOWLEDGE RES EARCH

% 0.0 potential changes roughly < ~0.4 1 < . QESEARGH

L -0s linearly. (E; is the natural 06 . . . o . \\\ | %

S 1 energy scale of the system: £, = e TR . While the exPerlmentaI w?rk IS currgr.\t!y limited in

£ . h2k2 /2m, where k is the X/Re K, le7 6 25 s 75 100 125 150 175 200 the frequencies we can drive the artificial vector

< single photon recoil momentum Time (ms) potential, these simulations provide a means to o235 g:SE‘N'g

TR T PR along the x-direction.) Flg.. 10 A single-time s-napsh-ot of a BEC |n'a G.ross—P|tae.vsk|| equation simulation of an Fig. 11. Extracted positions and momenta from the study the AC frequency-dependence of a driven A
Detuning (6/E.) grggc;al vec;:; pclaotentlal SUbeECt to :fm oscnllatmgzde’zzglr;g(; \Allgt(e)ge hél_l— ;Ots ELt’hhf? = simulated BEC for a drive frequency of 40 Hz. Fits to condensate. Our initial results indicate that there Quantum
. L, an € Dare trap rrequencies are w = 4Tl ) , a . NOtTICe tThat In . . . .
*It’s important to note that this specific Raman scheme cannot fully emulate so-called this snapshot, the cloud position and momentum are both slightly displaced from zero. ea.ch quantity reveal a beating effect between the Is enhanced response when driven at close to half
“dynamical gauge theories”, such as Maxwell’s equations. This is because the matter drive frequency and another at 31.5 Hz. of the Raman-free trap frequency. Alberta
experiencing the synthetic field does not produce a back-action on the field itself [2]. ‘ Innovates
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