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Coupling a QD to a resonator

* Enables: * Requires:
 QND qubit readout e Strong Coupling (g > Kk, y)
* Charge to photon conversion
* Qubit/qubit coupling
e ...and more!



Presenter Notes
Presentation Notes
For charge DQD: 𝛾 ~10-20MHz   g ~30-100MHz
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Presenter Notes
Presentation Notes
Triple point resonacnce.
50 ohm resonator 2mm
Vacuum impedence is sqrt(mu 0 / epsilon 0) = 8 alpha R_hall = 377 ohm limit .
Resonator phase velocity is 1/sqrt(LC) 6Ghz resonator are about 5mm long, here you can reduce it by almost 2 order of magnitude
Scale of the AC on the resonator is on the V0 of the resonator, 10uV . the resonator gate is very much coupuled to the detuning, very little to the interdot.


High Z resonators

° gocﬁ — \/Lr/Cr

* Josephson Junctions have high
impedance without extra
Capacitance

 SQUID allow for tunable
resonators

Altimiras et al., APL 103, 212601 (2013).
Masluk et al., PRL 109, 137002 (2012).
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Presentation Notes
Vacuum impedence is sqrt(mu 0 / epsilon 0) = 8 alpha R_hall = 377 ohm limit .
Resonator phase velocity is 1/sqrt(LC) 6Ghz resonator are about 5mm long, here you can reduce it by almost 2 order of magnitude
Scale of the AC on the resonator is on the V0 of the resonator, 10uV . the resonator gate is very much coupuled to the detuning, very little to the interdot.


Resonant interaction
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Presentation Notes
Vacuum impedence is sqrt(mu 0 / epsilon 0) = 8 alpha R_hall = 377 ohm limit .
Dispersion relation
Resonator phase velocity is 1/sqrt(LC) 6Ghz resonator are about 5mm long, here you can reduce it by almost 2 order of magnitude


Two tone spectroscopy
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Presenter Notes
Presentation Notes
First case: sweep nu resonator. 
Second case: tune the resonator at 6GHz and apply a secondary variable tone Vs. when there is resonance you drive the electron between g and e and this changes the resonator frequency by dispersive coupling, changing amplitude (and phase) you can extract tunnel coupling.

Power broadens the line (and T2* is intrinsic)


Maximizing g even more

* Reducing the resonator intrinsic capacitance
* Increasing the lever arm Cyp_es/Cop
* Increase the DQD electric dipole moment- How?
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Presenter Notes
Presentation Notes
incraese the level arm 𝛼𝑖,  using a shallow 2DEG/2DHG or DQD in nanowires
Epsilon detuning
C_g_1 = c gate on dot 1
With the assumption that the total capacitance of each dot is the same
Eta is the renormalization of the dipolar energy, they call it dipole strength. 
Does delta tunneling plays a role? No because small lever arm


n in charge stability diagrams
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Presenter Notes
Presentation Notes
*eta formula neglects gate capacitances, assumes symmetric dots (same Ctot) . The interdot tunneling stays in 4-6 GHz


Dipole strength and coherence
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Presentation Notes
All at zero epsilon except for F. Rabi mode splittings in D. Lambda R is the avg and the linewidth of rabi modes. Lambda 2 is coherence (zero power) . In F the slope gives you the charge noise .

Resonator tuned such that wr = wq
Lambda R depends on K +Lambda 2
Zero Power Linewidth= DQD decoherence
Zero detuning = insensitive to charge noise at first order. What happens at higher detuning
Delta in e and f is delta nu q


Comparing different configurations
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Ultra Strong coupling regime
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Presenter Notes
Presentation Notes
Change of device! 4kOhm JJ
We configure the DQD tunneling amplitude close to ∆/h ∼ ωr/2π and change the DQD detuning. 
gR,JC/ωr ∼ 0.11 strong coupuling
Γ2/2π ∼ 149 ± 2 MHz (1ns!) and a Rabi mode splitting of 2g/2π ∼ 1258 ± 3 MHz (400MHz)


Conclusions

For small eta For large eta
e g/21 ~ 40 MHz e g/21 ~ 625 MHz
. I'2/2T[ ~3 MHz (T, ~53ns) * I'2/2T[ ~ 149 MHz (T, ~ 1ns)

In the same kind of device you can change wildly coupling and coherence!
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Presenter Notes
Presentation Notes
Usually 20ns
Kappa resonator

κint/2π = 19.5 MHz and κext/2π = 4.3 ± 0.1 MHz. For JJ
κint/2π = 10-40MHz and κext/2π = 2-15 MHz. For SQUID varies on nu r

we determine its internal loss rate, its external coupling rate to the input line, and the total linewidth κint; κext ; κ /2π ∼ 10.0; 2.3; 12.3 MHz






Defining charge noise sensitivity
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SQUID Resonator quality
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razy large taple

index| Cyg; [fF] Cy 2 [fF] C [fF] 7 g/2m [MHz||T'y/2n [MHz|| o, [eV] |A/27 [MHz]|w, /27 [MHz]
1 [0.5614+0.034(0.6344+0.071|0.4884+0.041|0.101£0.064 | 41.63+0.06 | 4.5+0.2 [0.171+0.006| 5420.84+0.2 | 5437.0+0.1
2 10.433+0.037/0.474+0.061]0.358+0.041|0.117+0.088 | 54.940.1 4.840.2 |0.113+0.009| 5568.6+0.3 | 5575.6+0.14
3 0.599+0.056 10.565+0.034|0.4734+0.038|0.103+0.065| 48.84+0.2 4.5+0.2  |0.107+0.007| 5435.1+0.5 | 5578.61+0.11
4 10.554+0.068| 0.41£0.075 |0.364+0.060{0.204+0.105| 75.7+0.2 5.54+0.2  |0.250+0.008 | 5137.44+0.4 | 5117.6+0.14
5 10.656£0.065| 0.70£0.053 [0.506£0.052(0.123+0.079| 56.440.5 6.7+0.2 - H482+3 5hH78.4+0.4
6 [0.611+0.053| 0.54+0.058 |0.44340.046|0.168+0.071| 86.3+0.2 7.240.2  [0.120£0.007| 5633.5+0.4 | 5649.0+0.2
7 10.265£0.045| 0.31£0.051 |0.191+0.034|0.184+0.092| 87.24+0.4 6.5+0.8 0.344+0.007 | 5276+1 5283.7+0.6
8 10.333£0.031| 0.27£0.041 |0.25040.026|0.172+0.078| 111.14+0.3 9.6+£0.3 |0.273+0.005| 5145+1 5180.3+0.2
9  [0.136=£0.045| 0.32+0.037 |0.058+0.017|0.419+0.073| 153.6+1.9 | 28.3+1.2 0.424+0.02 4453+4 4440.9+0.3
10 10.330+0.050| 0.20+0.023 [0.048+0.007(0.709+0.031| 260.5+£3.5 | 36.8+0.9 - 4772. 719 | 4745.5+0.9
11 0.41240.029| 0.20£0.050 {0.257+0.029{0.273+0.076| 65.9+0.7 8.5+1.1 |0.32840.005| 424342 4271.6+0.2
index|Veg(mV) | Vap(mV) | VLs(mV')| Vrs(mV)
1 -0.823 -0.623 | -0.88132 |-0.946477273
2 -0.823 -0.623 |-0.883236|-0.937345455
3 -0.823 -0.727 |-0.884445|-0.789789091
4 -0.823 -0.818 | -0.69147 |-0.751603636
5 -0.847 -0.847 |-0.671525| -0.6412
6 -0.882 -0.882 | -0.60214 |-0.648681818
7 -0.936 -0.936 | -0.79571 |-0.593763636
8 -0.982 -0.982 |-0.576544|-0.613915909
9 -1.04 -1.04  |-0.473037|-0.562018182
10 -1.05 -1.05 | -0.49628 |-0.574921818
11 -1.03 -1.03  |-0.525558|-0.494352727
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Presentation Notes
90nm depth 2deg
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