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1. The Errors Causing Infidelity
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1.1 Coherent Errors
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1.2 Incoherent E
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2.1 The Conventional Mglmer-Sgrensen Gatel!l

e Trapped-lon Hamiltonian

Hy = hv(a*a + 1/2) + Awyg z 0,i/2

l
nQ; .
Hine = z TL (G+iel(’7i(a+aT)—wit) + h.c.)
i
blue: w = w,, + Vv
 Cirac-Zoller gate ~ resonant { g
red: w = wey; —Vv

 Mdmer-Sarensen (MS) gate

W) = Weg + 0
~ off-resonant ~|:

[1] 10.1103/PhysRevLett.82.1971




2.1 The Conventional Mglmer-Sgrensen Gatel!l

* Second order perturbation theory
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2.2 The Polychromatic Mglmer-Sgrensen Gate!?

* MS Hamiltonian

H®) = (Y(Oa +Y*()at)s,, s, = 2 o9 Y () = nQexp(ist)
J
* Propagator

Ug = exp(—i((f()a + f*(t)a")S, — g(£)SE))

() = jo dr'Y(t),g(6) = Im] fo ey () £ ()

* Lindblad master equation

1
Llo] = —i[H®O] + ) ¥i(E o Ef = S {E}E;o)
j=+,—,d

E, =a Interaction picture E:'+ =at +if (t)Sy
E_=a | > E_=a—-if"(t)S,
Eqg=a'a Eq=ata+i(f(Da—f ©)a)s, + |f(£)I25Z

[2] 10.1088/1367-2630/18/12/123007



2.2 The Polychromatic Mglmer-Sgrensen Gate!?

maximally

e Optimization _ .
entangling unitary

constrain (f) =0

m
nimi Y =2 c;wexp(ijot @
minimize (|f]*) p =2, Geexpiot)
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* Polychromatic MS Hamiltonian

g g protectagainst ~ » motional heating
Hpoly = h6S, Z cj(aTelot + qe~Uoty | > | |
=1  motional dephasing

[2] 10.1088/1367-2630/18/12/123007



2.3 Generally Noise-resilient Entangling Gates!®!

e Many-ion system with multi-mode structure
N M
a). .
Hy = 7102(1) +2vlazral
j=1 =1
M

e the entanglement is achieved via

N
: - t :
H(t) = z Y; (t) O'_I(_] ) e”hl(al*'az ) + h.c. the exchange of virtual phonons
j=1 1=1 e interaction picture
« RWA

* Operators D, ;, capture the k-th order
sideband transitions of the motional mode L.

N ()
() H(t) = () i *) D D h
e Driving patterns Fl,{c (t) account for finite (t) = 0y, _ Lk o T N.C.

detuning and temporal modulation that can Jj=1 k>0
be used to achieve the desired robustness

[3] arXiv: 2404.12961



2.3 Generally Noise-resilient Entangling Gates!®!

beyond the « higher-order phonon processes o 15t-order sideband (k = 1)
Lamb-Dicke > > 2nd_order sidebands (k = 2)
regime » the phonon exchange processes in
the non-addressed vibrational modes e simultaneously drive all modes
N (J) M ()
B g [ For () F, (1)
’ Y\ o nip
j=1 J =1 J

FY =F% =q <92i5t _ ;QBiSt) ~ bichromatic modulation ~ against motional heating

Fl(;) = sign(nll)ﬂﬂ eliot
' N1

Flg) = Siz‘%n(nzz)ﬂl elot

N21 [3] arXiv: 2404.12961



2.4 Amplitude-noise-resilient Entangling Gates!*

e The sensitivity to amplitude in harmonic trap

For the MS Hamiltonian of a pair of trapped ions and an ideal harmonic bus mode:

- the gate dynamics corresponds to a phase-space trajectory, which is a closed loop
with length proportional to Qp

- the Rabi-angle @, of the effective SZ-interaction in this dynamics is proportional
to the area enclosed by the loop

T T
®p = 0% Im U dTY(T)J dT’?*(T’)]
0 0

no choice of modulation
Y(t) can alter this quadratic

dependence on Qg dd, dQp
4 d, Qp

[4] arXiv: 2407.03047



2.4 Amplitude-noise-resilient Entangling Gates!*
* The sensitivity to amplitude in weak anharmonic trap

- trap geometry: DC control electrodes are placed directly underneath the ions
quartic potential: %mwz(z2 + z* /&)

- design Y (t) to make the correction terms induced by the quartic potential to
compensate for phase variations induced by fluctuations in Qp

|

ddp  [dQg\’
dp  \ Qg

[4] arXiv: 2407.03047



3. Summary

 The conventional MS gate: independent of the initial motional guantum number
» The polychromatic MS gate: against motional heating and motional dephasing

» Generally noise-resilient entangling gate scheme: against motional heating in hot
trapped ion chain with complex multi-mode structure

« Amplitude-noise-resilient gate scheme: against the random amplitude fluctuation



Thank you!
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