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Motivations: Pitfalls of Quantum Annealing

Bottleneck of “standard” QA: exponentially-small 
avoided crossings in the adiabatic path (e.g. first-order 

phase tr.)

Additional Desiderata (for quantum speedup): 
• generic mechanism (“problem-blind”) 
• not approachable by QMC methods 
• noise-robust by design

New proposal: microcanonical 
thermalization through RFQA

Believed to be obiquitous in QA for finite-
connectivity comb. opt. problems

Reverse Annealing/Population Transfer/etc.: use 
quantum dynamics to tunnel from a low-energy 

state to new low-energy states



“Microcanonical Thermalization” 
induce a diabatic dynamics which close to an exp-small 

anticrossing populates 
•  both states approx. equally 
• faster than e.g. uniform transverse field driver

By oscillating K single-spin operators, one can  increase the 
tunnelling rate

where Λ is a quantity which depends on the details of the 
system, but does not scale with the system size, or with K

Applications: 
1) canonical QA approach (find the GS) 
2) “fair sampling” (find multiple low-energy states 

given a low-energy state as a seed)

Kapit and Oganesyan, QST 6, 025013 (2021)  
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RFQA driver: a uniform transverse field driver 
Hamiltonian is replaced by one where every transverse 

field oscillates independently at a randomly chosen 
frequency



The Model: Transverse-Field Ising Chain

Second-order Quantum Phase Transition at 

Doubly-degenerate ground state for                           and                        is split at finite        by an exponentially small gap
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1. Use the exponentially-small empirical gap between 
the quasi-degenerate ground states as a proxy for 
a “hard” avoided crossing in AQC 

2. Study a simplified form of the chain freezing effect 
in an embedded problem 

We will compare an RFQA protocol with a (uniform tr. 
field) reverse-annealing-type protocol as we move to 
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MAIN GOALS OF THIS WORK:
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The Protocols: Parameter Setting
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disordered fields

are randomly chosen so that the energy splitting between 
the two unperturbed ferromagnetic GSs is “small”
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Combinatorial “Problem”:



The Protocols: Parameter Setting
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disordered fields

are randomly chosen so that the energy splitting between 
the two unperturbed ferromagnetic GSs is “small”

<latexit sha1_base64="JXjj7CakZlbCzrVoIkgMLix9jBs="></latexit>

E+ � E� ⇠ unif
⇣
[�✏, ✏]

⌘
, ✏ = O(1)

<latexit sha1_base64="twZ/9ev5r5VNa3vcmoEAhxx9UuA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrzfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBLHo3R</latexit>

hi

PT Driver



The Protocols: Parameter Setting

<latexit sha1_base64="LxSS5zzzlGyEUcwFaPC3vArxdNc=">AAACFHicbVA9SwNBEN3z2/gVtbRZDEJECHchqI0g2lgqGA3kQpjbTJLVvb1jd04IIT/Cxr9iY6GIrYWd/8ZNTKHRBwOP92aYmRelSlry/U9vanpmdm5+YTG3tLyyupZf37iySWYEVkWiElOLwKKSGqskSWEtNQhxpPA6uj0d+td3aKxM9CX1UmzE0NGyLQWQk5r5vZC6SNC8KdIuP+IhqLQLPLRSF8thKnmYxNhxNnd2M1/wS/4I/C8JxqTAxjhv5j/CViKyGDUJBdbWAz+lRh8MSaFwkAsziymIW+hg3VENMdpGf/TUgO84pcXbiXGliY/UnxN9iK3txZHrjIG6dtIbiv959Yzah42+1GlGqMX3onamOCV8mBBvSYOCVM8REEa6W7noggFBLsecCyGYfPkvuSqXgv1S5aJSOD4Zx7HAttg2K7KAHbBjdsbOWZUJds8e2TN78R68J+/Ve/tunfLGM5vsF7z3L8GNnME=</latexit>

✓j(t) = ↵ sin(2⇡!jt)

<latexit sha1_base64="KEBA+lfOEEDXEq7QhPVmqski/CA=">AAACD3icbVDLSgMxFM3UV62vqks3waLUhWVGiroRigq6rGAf0NbhTpq2ocnMkGTEUvoHbvwVNy4UcevWnX9jpp2Fth4IOTnnXm7u8ULOlLbtbys1N7+wuJRezqysrq1vZDe3qiqIJKEVEvBA1j1QlDOfVjTTnNZDSUF4nNa8/kXs1+6pVCzwb/UgpC0BXZ91GAFtJDe7f+naeX2Az/Ahbl6BEBC/mioSLjMX6wpw2d2Dm83ZBXsMPEuchORQgrKb/Wq2AxIJ6mvCQamGY4e6NQSpGeF0lGlGioZA+tClDUN9EFS1huN9RnjPKG3cCaQ5vsZj9XfHEIRSA+GZSgG6p6a9WPzPa0S6c9oaMj+MNPXJZFAn4lgHOA4Ht5mkRPOBIUAkM3/FpAcSiDYRZkwIzvTKs6R6VHCOC8WbYq50nsSRRjtoF+WRg05QCV2jMqoggh7RM3pFb9aT9WK9Wx+T0pSV9GyjP7A+fwBBD5pa</latexit>

D0(t) = ��(t)
X

i

�x
i

<latexit sha1_base64="3jkICQFUnCsozIdgl2xf/FliXcs="></latexit>

DRFQA(t) = ��(t)
X

j

h
cos

⇣
✓j(t)

⌘
�x
j + sin

⇣
✓j(t)

⌘
�y
j

i

<latexit sha1_base64="Q+HVttPZzt2X+Rf/DaDhq1kudAo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRS48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO8n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+qenl/Wand5nEU4QRO4Rw8uIYa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMk+o24</latexit>

Hp

<latexit sha1_base64="tOMVR1PT3h1AG7yDYDezEFhikZ0=">AAACKnicbZDLSgMxFIYz9VbrbdSlm2ARBGmZkaJuhKqb4qqCvUA7Dpk0bUOTmSHJCHWY53Hjq7jpQilufRDTdkRtPRD48p//kJzfCxmVyrLGRmZpeWV1Lbue29jc2t4xd/fqMogEJjUcsEA0PSQJoz6pKaoYaYaCIO4x0vAGN5N+45EISQP/Xg1D4nDU82mXYqS05JpXFXgJC7ewLSPuxjTRQHscufTh6RtjemIn+lqYmSjs6/Njc828VbSmBRfBTiEP0qq65qjdCXDEia8wQ1K2bCtUToyEopiRJNeOJAkRHqAeaWn0ESfSiaerJvBIKx3YDYQ+voJT9fdEjLiUQ+5pJ0eqL+d7E/G/XitS3Qsnpn4YKeLj2UPdiEEVwElusEMFwYoNNSAsqP4rxH0kEFY63ZwOwZ5feRHqp0X7rFi6K+XL12kcWXAADsExsME5KIMKqIIawOAZvII38G68GCNjbHzMrBkjndkHf8r4/AJnbqYc</latexit>

H = �J

X

i
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z
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z
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i

hi�
z
i

disordered fields

“windshield wiper” XY tr. field

are randomly chosen so that the energy splitting between 
the two unperturbed ferromagnetic GSs is “small”

<latexit sha1_base64="JXjj7CakZlbCzrVoIkgMLix9jBs="></latexit>

E+ � E� ⇠ unif
⇣
[�✏, ✏]

⌘
, ✏ = O(1)

<latexit sha1_base64="twZ/9ev5r5VNa3vcmoEAhxx9UuA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrzfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBLHo3R</latexit>

hi

RFQA DriverPT Driver



The Protocols: Parameter Setting

<latexit sha1_base64="3jkICQFUnCsozIdgl2xf/FliXcs="></latexit>

DRFQA(t) = ��(t)
X

j

h
cos

⇣
✓j(t)

⌘
�x
j + sin

⇣
✓j(t)

⌘
�y
j

i

<latexit sha1_base64="Q+HVttPZzt2X+Rf/DaDhq1kudAo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRS48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO8n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+qenl/Wand5nEU4QRO4Rw8uIYa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMk+o24</latexit>

Hp

<latexit sha1_base64="tOMVR1PT3h1AG7yDYDezEFhikZ0=">AAACKnicbZDLSgMxFIYz9VbrbdSlm2ARBGmZkaJuhKqb4qqCvUA7Dpk0bUOTmSHJCHWY53Hjq7jpQilufRDTdkRtPRD48p//kJzfCxmVyrLGRmZpeWV1Lbue29jc2t4xd/fqMogEJjUcsEA0PSQJoz6pKaoYaYaCIO4x0vAGN5N+45EISQP/Xg1D4nDU82mXYqS05JpXFXgJC7ewLSPuxjTRQHscufTh6RtjemIn+lqYmSjs6/Njc828VbSmBRfBTiEP0qq65qjdCXDEia8wQ1K2bCtUToyEopiRJNeOJAkRHqAeaWn0ESfSiaerJvBIKx3YDYQ+voJT9fdEjLiUQ+5pJ0eqL+d7E/G/XitS3Qsnpn4YKeLj2UPdiEEVwElusEMFwYoNNSAsqP4rxH0kEFY63ZwOwZ5feRHqp0X7rFi6K+XL12kcWXAADsExsME5KIMKqIIawOAZvII38G68GCNjbHzMrBkjndkHf8r4/AJnbqYc</latexit>

H = �J

X

i
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i �

z
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i

disordered fields

“windshield wiper” XY tr. field

are randomly chosen so that the energy splitting between 
the two unperturbed ferromagnetic GSs is “small”

<latexit sha1_base64="JXjj7CakZlbCzrVoIkgMLix9jBs="></latexit>

E+ � E� ⇠ unif
⇣
[�✏, ✏]

⌘
, ✏ = O(1)

<latexit sha1_base64="twZ/9ev5r5VNa3vcmoEAhxx9UuA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrzfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBLHo3R</latexit>

hi

RFQA Driver

“uncorrelated small frequencies” RFQA

<latexit sha1_base64="4m7uQ8sv2r+ZHcH3Si+OZw7CLtc=">AAACEHicbVA9SwNBEN3zM8avqKXNYhBjE+5CUBtBtLGMYFTIhWNus5ds3Ns7dueEEPwJNv4VGwtFbC3t/DfuxRSa+GDg8d4MM/PCVAqDrvvlzMzOzS8sFpaKyyura+uljc0rk2Sa8SZLZKJvQjBcCsWbKFDym1RziEPJr8Pbs9y/vuPaiERd4iDl7Ri6SkSCAVopKO352OMIQb+C+/SY+iDTHlDfCFWp+amgUdCn1ikGpbJbdUeg08QbkzIZoxGUPv1OwrKYK2QSjGl5bortIWgUTPL7op8ZngK7hS5vWaog5qY9HD10T3et0qFRom0ppCP198QQYmMGcWg7Y8CemfRy8T+vlWF01B4KlWbIFftZFGWSYkLzdGhHaM5QDiwBpoW9lbIeaGBoM8xD8CZfniZXtap3UK1f1Msnp+M4CmSb7JAK8cghOSHnpEGahJEH8kReyKvz6Dw7b877T+uMM57ZIn/gfHwD+3eapA==</latexit>

✓j(t) = ↵ sin(2⇡fjt)
<latexit sha1_base64="X1eS7jeKjyBcoZUHY46kG4y/tkg="></latexit>

fj = ±!j , E[!j ] = �[!j ] = O

⇣ 1p
N

⌘



PT vs RFQA Protocols

1) Prepare the ferromagnetic state 

2) Dynamics 
• Ramp up the driver to the desired intensity 
• Wait for tunnelling 
• Ramp the driver down to zero 

3) Measure the tunnelling probability to the target state 

4) Repeat and compute the TTS
<latexit sha1_base64="VATUSxpzp8+giacdGNdlUlpEZTs="></latexit>

TTS ⌘ log(1� 0.99)

log(1� hP (tf )i)

<latexit sha1_base64="ZYNcuoOaaYzneuOxZDhCcL5zuJM=">AAACK3icbVDLSgMxFM3UV62vUZdugkWomzIjRd0IpW5cVrAP6JSSSdM2NJMMyR2llP6PG3/FhS584Nb/MH0ItfVA4OScc0nuCWPBDXjeh5NaWV1b30hvZra2d3b33P2DqlGJpqxClVC6HhLDBJesAhwEq8eakSgUrBb2r8d+7Z5pw5W8g0HMmhHpSt7hlICVWm4pENYGHMSG57xTHGgiu4LhK/xrJDHRWj3ggLYVmLn7NJnJtNysl/cmwMvEn5EsmqHccl+CtqJJxCRQQYxp+F4MzSHRwKlgo0yQGBYT2idd1rBUkoiZ5nCy6wifWKWNO0rbIwFP1PmJIYmMGUShTUYEembRG4v/eY0EOpfNIZdxAkzS6UOdRGBQeFwcbnPNKIiBJYRqbv+KaY9oQsHWOy7BX1x5mVTP8v55vnBbyBZLszrS6Agdoxzy0QUqohtURhVE0SN6Rm/o3XlyXp1P52saTTmzmUP0B873D8dcps8=</latexit>

| (0)i = |" · · · "i

<latexit sha1_base64="5HGdhB5rrncFqf8aa7CRxMYZIBc="></latexit>

P (tf ) = |h# · · · #|U(tf )|" · · · "i|2

<latexit sha1_base64="AOciOTc3ATKsGS0XHSXrvxXDcRE=">AAACM3icbVDLSgMxFM3UV62vqks3wSLUTZmRom6EohtxVcE+oFNKJs20oZlkSO4opfSf3PgjLgRxoYhb/8H0IdTWA4GTc84luSeIBTfguq9Oaml5ZXUtvZ7Z2Nza3snu7lWNSjRlFaqE0vWAGCa4ZBXgIFg91oxEgWC1oHc18mv3TBuu5B30Y9aMSEfykFMCVmplb3xhbcB+bHgeWuEx9jWRHcHwBa6Mhd9AEhOt1QP2aVuBmblP8plMK5tzC+4YeJF4U5JDU5Rb2We/rWgSMQlUEGManhtDc0A0cCrYMOMnhsWE9kiHNSyVJGKmORjvPMRHVmnjUGl7JOCxOjsxIJEx/SiwyYhA18x7I/E/r5FAeN4ccBknwCSdPBQmAoPCowJxm2tGQfQtIVRz+1dMu0QTCrbmUQne/MqLpHpS8E4LxdtirnQ5rSONDtAhyiMPnaESukZlVEEUPaIX9I4+nCfnzfl0vibRlDOd2Ud/4Hz/ACYpqgc=</latexit>

| (tf )i = U(tf )|" · · · "i

<latexit sha1_base64="iqksAksS18oMtmk52Lls32FI/AM="></latexit>

hP (tf )i =
Z

P (tf ; f ,h) ⇢(f) ⇢(h) df dh

<latexit sha1_base64="RIImCKjLnibh85TT4ZGHD9asfv4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexKUC9C0IsnjWAemIQwO5lNhszOLjO9QljyF148KOLVv/Hm3zh5HDSxoKGo6qa7y4+lMOi6387S8srq2npmI7u5tb2zm9vbr5ko0YxXWSQj3fCp4VIoXkWBkjdizWnoS173B9djv/7EtRGResBhzNsh7SkRCEbRSo/YCcgluSvcnnRyebfoTkAWiTcjeZih0sl9tboRS0KukElqTNNzY2ynVKNgko+yrcTwmLIB7fGmpYqG3LTTycUjcmyVLgkibUshmai/J1IaGjMMfdsZUuybeW8s/uc1Ewwu2qlQcYJcsemiIJEEIzJ+n3SF5gzl0BLKtLC3EtanmjK0IWVtCN78y4ukdlr0zoql+1K+fDWLIwOHcAQF8OAcynADFagCAwXP8ApvjnFenHfnY9q65MxmDuAPnM8fjkCPiw==</latexit>

tf = O(N)

RFQAPT



Generic behaviour for large enough Γ 



<latexit sha1_base64="4XwA5jnKQhIE3VbXKYYFX3KScxc=">AAACCHicbVBNS8NAEN34WetX1KMHF4vgqSRS1ItQ9KDHCvYDmhAm2027dDcJuxullB69+Fe8eFDEqz/Bm//GbZuDtj4YeLw3w8y8MOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwRFOYtpXTPNaSuVFETIaTPsX4395j2ViiXxnR6k1BfQjVnECGgjBfaBdw1CAPYk6/Y0SJk84KkUEHyB3cAuOWVnAjxP3JyUUI5aYH95nYRkgsaacFCq7Tqp9ocgNSOcjopepmgKpA9d2jY0BkGVP5w8MsJHRungKJGmYo0n6u+JIQilBiI0nQJ0T816Y/E/r53p6NwfsjjNNI3JdFGUcawTPE4Fd5ikRPOBIUAkM7di0gMJRJvsiiYEd/bledI4Kbun5cptpVS9zOMooH10iI6Ri85QFd2gGqojgh7RM3pFb9aT9WK9Wx/T1gUrn9lDf2B9/gAYO5i9</latexit>

� ! �c = 1 Exponential Fit:
<latexit sha1_base64="RvH+gjzAwF9md3+Sb4426hueVyU=">AAACBnicbZC7SgNBFIZnvcZ4W7UUYTAIsQm7IaiNELSxChFzg+waZicnyZDZCzOzQlhS2fgqNhaK2PoMdr6Nk2QLTfxh4OM/53Dm/F7EmVSW9W0sLa+srq1nNrKbW9s7u+befkOGsaBQpyEPRcsjEjgLoK6Y4tCKBBDf49D0hteTevMBhGRhUFOjCFyf9APWY5QobXXMo1rtLl85xZfY8UARXMHF+8QhPBpoHnfMnFWwpsKLYKeQQ6mqHfPL6YY09iFQlBMp27YVKTchQjHKYZx1YgkRoUPSh7bGgPgg3WR6xhifaKeLe6HQL1B46v6eSIgv5cj3dKdP1EDO1ybmf7V2rHoXbsKCKFYQ0NmiXsyxCvEkE9xlAqjiIw2ECqb/iumACEKVTi6rQ7DnT16ERrFgnxVKt6Vc+SqNI4MO0THKIxudozK6QVVURxQ9omf0it6MJ+PFeDc+Zq1LRjpzgP7I+PwBwN2Wyw==</latexit>

TTS(N) = �N2↵N



Γ PT α exp. RFQA α exp. speedup

0.7 0.9(7) 0.7(1) ≈ 1.4

0.75 0.7(7) 0.3(3) ≈ 2.3

0.8 0.6(5) 0.1(6) ≈ 4.1

0.85 0.4(4) 0.0(4) ≈ 11.0

0.9 0.30(7) -0.0(2) ?

0.95 0.12(7) -0.0(9) ?

<latexit sha1_base64="4XwA5jnKQhIE3VbXKYYFX3KScxc=">AAACCHicbVBNS8NAEN34WetX1KMHF4vgqSRS1ItQ9KDHCvYDmhAm2027dDcJuxullB69+Fe8eFDEqz/Bm//GbZuDtj4YeLw3w8y8MOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwRFOYtpXTPNaSuVFETIaTPsX4395j2ViiXxnR6k1BfQjVnECGgjBfaBdw1CAPYk6/Y0SJk84KkUEHyB3cAuOWVnAjxP3JyUUI5aYH95nYRkgsaacFCq7Tqp9ocgNSOcjopepmgKpA9d2jY0BkGVP5w8MsJHRungKJGmYo0n6u+JIQilBiI0nQJ0T816Y/E/r53p6NwfsjjNNI3JdFGUcawTPE4Fd5ikRPOBIUAkM7di0gMJRJvsiiYEd/bledI4Kbun5cptpVS9zOMooH10iI6Ri85QFd2gGqojgh7RM3pFb9aT9WK9Wx/T1gUrn9lDf2B9/gAYO5i9</latexit>

� ! �c = 1 Exponential Fit:
<latexit sha1_base64="RvH+gjzAwF9md3+Sb4426hueVyU=">AAACBnicbZC7SgNBFIZnvcZ4W7UUYTAIsQm7IaiNELSxChFzg+waZicnyZDZCzOzQlhS2fgqNhaK2PoMdr6Nk2QLTfxh4OM/53Dm/F7EmVSW9W0sLa+srq1nNrKbW9s7u+befkOGsaBQpyEPRcsjEjgLoK6Y4tCKBBDf49D0hteTevMBhGRhUFOjCFyf9APWY5QobXXMo1rtLl85xZfY8UARXMHF+8QhPBpoHnfMnFWwpsKLYKeQQ6mqHfPL6YY09iFQlBMp27YVKTchQjHKYZx1YgkRoUPSh7bGgPgg3WR6xhifaKeLe6HQL1B46v6eSIgv5cj3dKdP1EDO1ybmf7V2rHoXbsKCKFYQ0NmiXsyxCvEkE9xlAqjiIw2ECqb/iumACEKVTi6rQ7DnT16ERrFgnxVKt6Vc+SqNI4MO0THKIxudozK6QVVURxQ9omf0it6MJ+PFeDc+Zq1LRjpzgP7I+PwBwN2Wyw==</latexit>

TTS(N) = �N2↵N

<latexit sha1_base64="SbCXTtlEtmtKmaa52XAHkyUrwrI=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiJF3QhVQVy20hc0IUymk3boJBlmJkIJ+QM3/oobF4q4devOv3HaBtHWAxfOnHMvc+/xOaNSWdaXsbC4tLyyWlgrrm9sbm2bO7stGScCkyaOWSw6PpKE0Yg0FVWMdLggKPQZafvD67HfvidC0jhqqBEnboj6EQ0oRkpLnnnkBALh1EGMD5CX1hpZ9vO4u6lfZhm8gBx6ZskqWxPAeWLnpARy1Dzz0+nFOAlJpDBDUnZtiys3RUJRzEhWdBJJOMJD1CddTSMUEummk3syeKiVHgxioStScKL+nkhRKOUo9HVniNRAznpj8T+vm6jg3E1pxBNFIjz9KEgYVDEchwN7VBCs2EgThAXVu0I8QDogpSMs6hDs2ZPnSeukbJ+WK/VKqXqVx1EA++AAHAMbnIEquAU10AQYPIAn8AJejUfj2Xgz3qetC0Y+swf+wPj4BqojnGU=</latexit> ↵PT

↵RFQA
= p

<latexit sha1_base64="9dQJj5yo8DENFDSJIJaNH5YaIkc=">AAACDnicbZDLSsNAFIYnXmu9VV26CZaCG0tSigrdFN24rGAvkIQymU7aoZNMnDkRSsgTuPFV3LhQxK1rd76N07QLbf1h4OM/53Dm/H7MmQLL+jZWVtfWNzYLW8Xtnd29/dLBYUeJRBLaJoIL2fOxopxFtA0MOO3FkuLQ57Trj6+n9e4DlYqJ6A4mMfVCPIxYwAgGbfVLFVfdS3BcTgOQQkB6VsvcJM6xlsVe6jbcRtYvla2qlctcBnsOZTRXq1/6cgeCJCGNgHCslGNbMXgplsAIp1nRTRSNMRnjIXU0RjikykvzczKzop2BGQipXwRm7v6eSHGo1CT0dWeIYaQWa1Pzv5qTQHDppSyKE6ARmS0KEm6CMKfZmAMmKQE+0YCJZPqvJhlhiQnoBIs6BHvx5GXo1Kr2ebV+Wy83r+ZxFNAxOkGnyEYXqIluUAu1EUGP6Bm9ojfjyXgx3o2PWeuKMZ85Qn9kfP4AVjec6w==</latexit>

p
p

— speedup

means



Conclusions

• RFQA exhibits a scaling advantage over a uniform-field driver 
• the scaling advantage increases as  
• for the system sizes studied, the TTS scaling exponent of RFQA is 

indistinguishable from zero close to the critical point of the QPT 
• we expect this behaviour to generalize to finite-connectivity models 

(nothing in the protocols explicitly relies the 1-d structure of the model)

We’ve compared the RFQA and a uniform-field driver

<latexit sha1_base64="2KqXJN+KNPZF3tersMNiXVjIbJQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIUY9FD3qsYD+gCWGy3bRLd5Owu1FK6cGLf8WLB0W8+iO8+W/ctjlo64OBx3szzMwLU86Udpxvq7Cyura+UdwsbW3v7O7Z+wctlWSS0CZJeCI7ISjKWUybmmlOO6mkIEJO2+Hwauq376lULInv9CilvoB+zCJGQBspsMveNQgB2JOsP9AgZfKA51JAArviVJ0Z8DJxc1JBORqB/eX1EpIJGmvCQamu66TaH4PUjHA6KXmZoimQIfRp19AYBFX+ePbEBB8bpYejRJqKNZ6pvyfGIJQaidB0CtADtehNxf+8bqajC3/M4jTTNCbzRVHGsU7wNBHcY5ISzUeGAJHM3IrJACQQbXIrmRDcxZeXSeu06p5Va7e1Sv0yj6OIyugInSAXnaM6ukEN1EQEPaJn9IrerCfrxXq3PuatBSufOUR/YH3+AFHvl+c=</latexit>

� ! �c

Possible future directions

• experimental implementation in open-system setting (MIT/LL) 
• extend analysis to finite-connectivity combinatorial optimization problems 
• better understand the behaviour close to criticality 



Thank You for Your Attention

Contact: gianni.mossi@nasa.gov

mailto:gianni.mossi@nasa.gov


<latexit sha1_base64="emTP4sBsFl+49PlI5DeI2tEC1g4="></latexit>

R(t) ⌘ exp
⇣
i
X

j

✓j(t)
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�z
j

⌘

<latexit sha1_base64="2eqWyP/TabD2D7JWl4Y+l/SG0kA=">AAACJHicbVDLSgMxFM34tr6qLt0Ei1A3ZUaKCm6KblyqWC10hpJJb9vQTGZM7hRK6ce48VfcuPCBCzd+i2k7Qn0cCBzOOZebe8JECoOu++HMzM7NLywuLedWVtfWN/KbWzcmTjWHKo9lrGshMyCFgioKlFBLNLAolHAbds9G/m0PtBGxusZ+AkHE2kq0BGdopUb+xJfWRuonHdG4KuI+9TVTbQnUh7tU9OhE+w4ZMRVp5AtuyR2D/iVeRgokw0Uj/+o3Y55GoJBLZkzdcxMMBkyj4BKGOT81kDDeZW2oW6pYBCYYjI8c0j2rNGkr1vYppGN1emLAImP6UWiTEcOO+e2NxP+8eoqt42AgVJIiKD5Z1EolxZiOGqNNoYGj7FvCuBb2r5R3mGYcba85W4L3++S/5Oag5B2WypflQuU0q2OJ7JBdUiQeOSIVck4uSJVwck8eyTN5cR6cJ+fNeZ9EZ5xsZpv8gPP5BeCIo7s=</latexit>

|�R(t)i ⌘ R(t)| (t)i
<latexit sha1_base64="OZoy3Ns5FjXjfxBVvR6+FK+S7RU="></latexit>

i
d

dt
|�R(t)i = iṘ(t)| (t)i+R(t)i

d

dt
| (t)i

= iṘ(t)R�1(t)|�R(t)i+R(t)H(t)R�1(t)|�R(t)i
⌘ HR(t)|�R(t)i

Numerical/Experimental Implementation: the Rotating Frame Picture 

Advantages of the rotating frame Hamiltonian: 

• (Marginally) easier form 
• Easy to implement on soon-to-be-available quantum hardware (S. Disseler @ MIT/LL)

RFQA Effective Hamiltonian:
<latexit sha1_base64="FUEe3zTvgKwJ2NYecLwGO1S5DtY="></latexit>
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SUPPLEMENTARY MATERIAL


