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Abstract: Adiabatic evolution is a common strategy for manipulating quantum states. However, it is inherently slow and therefore susceptible to
decoherence. Shortcuts to adiabaticity are methods of achieving faster adiabatic evolution, in order to maintain high fidelity in the presence of
decoherence and noise. In this talk | will review recent progress on counter-diabatic (CD) driving for many-body systems. In particular, we will
discuss a variational principle that alows to systematically compute approximate CD Hamiltonians. Two recent experiments will be
discussed.& nbsp;
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Outline

Non-adiabatic response and quantum geometry

Counter-diabatic driving and quantum speed limit

Variational adiabatic gauge fields for many body
systems

Some experimental implementations
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Motivation

* How to drive your system without exciting it?

Example : D-Wave machine

S gystst + 3 hu(r)el

\ /

Pirsa: 19030124 Page 4/24



Non-adiabatic forces

. Cons'der a partlcle In an Op“cal - - Static tweezer — Accelerating tweezer
tweezer: '
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entia

* Let's move with the atom:|¢) = U(A) |¢) “
« Dynamics: id; [¢/) = H |¢)) :
weezel |‘U.\Il|(1ll
T = UTHU, —iUTe.U
—p ] = UHU, — iU dU, o e
* Hence: Time-dependent Hamiltonian:
, P
s _ P vy ok H(Au(t))
H = 2m FV(z) = Ap Ad|abat|c: gau?e potential:
« Shift the momentum: =iU'0\U
g Movung frame Hamiltonian:

e P e LR
H + Vi(z) + mAz

2m

H=UHU-),A,
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Adiabatic gauge potential

« Berry connection is the expectation value of the gauge
potential
(0] A, |0)
* Berry curvature:
Fruw = —i (0] [Ay, A
* Metric tensor

I
Juv = 9 <U‘ .:4;1--641/ + 14?—’-‘4!‘- |()>

i

0)

» Defines a metric on the ground state manifold. Can be
used to detect and classity phase transitions.

dr—2

« Universal near second order QPT: g ~ |A — A.

M. Kolodrubetz, D. Sels, P. Mehta, A. Polkovnikov, Physics Reports 697 (2017)

Pirsa: 19030124 Page 6/24



Non-adiabatic response

Let’s look at the corrections to the ground state

energy
General Translation
H=U'HU - )\,A, H=U'HU - X\p
First order: First order:
AE; = ), (0| A, |0) AFE; = A{0|p|0) =0
Second order: Second order:
| (]\)\,A, n) |? | 0\77|n \‘
AFEs = £ AFE, = /\“
”ZD Eo — Z Eqy —
mA2

Effective mass of the classical parameter: AFE, = 5

o
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Counter-diabatic drive

e Can we keep the system adiabatic even if we
change our parameters fast?

e Just cancel out the gauge potential!
Hep = [f(/\;) { A‘,,A“_

B: Moving C: Counter diabatie
L=

T

* Rotate back into H if possible
Hpp = RUHep(M)R — iRTO,R

M. Demirplak, S. A. Rice (2003), M. Berry (2009), S. Deffner, A. Del Campo, C. Jarzynski (2014+), ...
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Let's play a game

J.J. W. H. Saerensen et al., Nature 532, 210-213; 2016
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J. J. W H. Serensen et al., Nature 5632, 210-213;: 2016
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Effective translation

I

D . .
5— T Volz) + Vi(z — A)
ZTn

F

« System is described by: H =

e Let'sassume: A, = v(\)p

s

o Transformto: Hpp = H — 9,(v(\) Nz ~ —

’ 2,

+ Vo(x) + Vi(x = App(1))

— - Single tweezer CD Double tweezer CD o SGA

« Gamers KASS

0.2

0 L ii- SR P LR | J_ PEONE W L'-' :
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Duration, T
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Many body systems

* Whole other ballgame
(n| Ay |m) = (n|UTio\U |m) = (n(X)|idx |m(\))
 Hence ,
(n| Ay |m) = —i i ‘__‘()’\ " 17;,)
b‘u o h‘m
 |f the system is ergodic we are in trouble:

| (n|OxH |m) e—5/2 ol
TL ;“‘ ) = — —JL/“
| (n|Ax|m) B, B ~—— =e

1L _1_ ’_//_ -1 -
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What now?

« We should be less stringent. Eigenstates of the

same energy density are locally indistinguishable
anyway.

* Here is our trick:

An|o\H |m
* Observe: <~|A,x\-m>—"'<1~|* i;l |

w0, H +i[A H| = Fpo
w0, 1 +i[A, H|, H] =0

S(0) = Tr(0rH + i[O, H])* - A = argminS(O)
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Variational method

S(0) = Tr(0xH + i[O, H])* - A = argminS(O)

 Now we can just restrict to sensible, local,
experimentally relevant operators.

* No local approximation can ever be close to the
exact result, so is minimizing S sensible?

* Yes! S(O) is a measure for the rate of increase of
the energy fluctuations:
IE?

—" oc (n| (OxH + i[A, H])? |n)
ot
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 Consider o | |
H = Z (07107 +0.80; +0.905 + /1,.,:(!..)(7;',’)
« Then we can expand in terms of strings of spins
H = Z (}'.,‘_(T_'::', + Z (/)’,_‘_J,-(,Tf’n;:" + ’}-'.{,‘_L.)-()'?(,T_;'I)
i 19

15 Site chain
N No CD drive
i:— D 1 Body CD
et | 2bodycD
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Free lattice gas

Let's see what happens for free particles
000000006000

H = Z(H,,mf Zl (i, el

e |et’s take the most local Ansatz
A:'iz (# 165 — h.e.)

Compu’[e some traces
,,;‘;g—)_?“,_ +(O;V)a = 9;0\V

» Exact solution for linear potential
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preparation by counterdiabatic

5th eigenstate of a 9-site “box”

t <A .
i /, I \\ /’ I \\
/ \ / \
ta , 2 - =
\\\ I ,//
// \ ' B /N
/ \ / \ / \
/ \ / \ / \
/ \\ / \ // \\
/ \
t>» A / R Yoo M
CD
1, e
i ¢ Q%D
non-CD
Bryce Gadway

Pirsa: 19030124 Page 17/24



eigenstates of a 5-site “box”

non-CD ramps

o® 0 QO

.o' —
.... ¢ O 0 m
&
..o'. 0 QWD »
@

.o°.. Q0 0

®
.o' D »

Pirsa: 19030124 Page 18/24



eigenstates of a 5-site “box”

counterdiabatic ramps non-CD ramps
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Floquet tfast forwarad

e Consider Landau-Zener problem: '{{
H - A(TZ + ]'(f)ﬁl [uitial State } o i
Noise Target State
e CD drive becomes \\

. _ 1 AN
Hep = Ao, + h.(t)ﬂ'..;_- | 5 AZ 1 )2 Ty

*How to generate y-field?
Hrp = cos(wt)o, + Cwsinwto,

High frequency expansion

P Hp = Ji(C)oy + O(1/w)

e Slowly varying protocol in every
period

e Higher harmonics for complex
systems
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. 1 o "a“d;i'” Kk
* Consider Landau-Zener problem: 1 e
¢
H = Ao, + h(t)o, ol H
G:“‘" 2; &y o -"\:‘.
* CD drive becomes | 4;,.f_1$«-~%;-‘f¢:wﬁ
14X M S
= i _
' :‘ I.illlt';:\\'iﬂli]l-‘|:l'l)1::lli'(l| (,uh";l ’

Hep = A(’Tw - h(t)(l'..r | 2&‘3 gy Ty

* How to generate y-field?
Hrp = cos(wt)o, + Cwsinwto,

High frequency expansion

P ;. =J (C)o, +O(1/w)

e Slowly varying protocol in every

Alex Sushkov

period
e Higher harmonics for complex

systems
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Floquet tfast forwarad

I %mﬁiﬂ ‘:;hfu;ﬂ:;

: ! (:::"A&"a“’m mg o
* Consider Landau-Zener problem: ). i
¢
H=Ac,+ h(t)o — o8 :
"o Loaly 2 23
* CD drive becomes _ 4 N
o , - L AA TP A
Hep = Ao, + h(t)o, 4 5 A2 e Ty m?.“wm - I
i . bime within protocol (js)
* How to generate y-field? e
Hrp = cos(wt)o, + Cwsinwto, 1 mf% i
N e
High frequency expansion 08 3"%" W08, 4o 40
- ,\4\’\*{‘*# :Eg-mbl:l r:{l?n |
=P i = Ji(C)o, +O(1/w) sty
e Slowly varying protocol in every ‘1 ‘
period
e Higher harmonics for complex e |
Systems 7, protocol duration (s)
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Conclusion

* Deep connection between non-adiabatic response
and geometry

« Counter-diabatic driving can be used to suppress
dissipation in many-body systems

« Variational method to compute gauge field
* Floquet implementation

 Many applications!
DS and AP, PNAS, Volume 114, 20 (2017)

DS, PRA 97, 040302(R), (2018)
Boyers et. al., arXiv:1811.09762, (2018)
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