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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



Motivation

• How to drive your system without exciting it?

Example : D-Wave machine
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Fig. S3: Qubits and couplers in the D-Wave Two device. The DW2 “Vesuvius”
chip consists of an 8 ⇥ 8 two-dimensional square lattice of eight-qubit unit cells,
with open boundary conditions. The qubits are each denoted by circles, connected
by programmable inductive couplers as shown by the lines between the qubits. Of
the 512 qubits of the device located at the University of Southern California used
in this work, the 503 qubits marked in green and the couplers connecting them are
functional.

qubit to qubit and the actual Hamiltonian realized is described more accurately as

H(t) = �
X

i

A
i

(t)�x

i

+ B(t)HIsing (2)

The annealing schedules A
i

(t) and B(t) used in the device are shown in figure
S1A). We used the minimal annealing time of t

a

= 20µs provided by the de-
vice since this always gave us the shortest total time-to-solution (see below). The
source of this minimal annealing time is engineering restrictions in the DW2.
There are four annealing lines, and their synchronization becomes harder for faster
annealing schedules. The filtering of the input control lines introduces some ad-
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• Consider a particle in an optical 
tweezer: 

• Let’s move with the atom: 

• Dynamics: 

• Hence: 

• Shift the momentum:

Non-adiabatic forces

Tweezer position

T
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ee
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te
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ti

al

Static tweezer Accelerating tweezer

a

H =
p2

2m
+ V (x� �(t))

H̃ = U †
�HU� � iU †

�@tU�

H̃ =
p2

2m
+ V (x)� �̇p

i@t | i = H | i

| i = U(�) |�i

General 
Time-dependent Hamiltonian:  

Adiabatic gauge potential: 

Moving frame Hamiltonian:

H(�µ(t))

Aµ = iU†@�µU

H̃ = U †HU � �̇µAµ
H̃ 0 =

p2

2m
+ V (x) +m�̈x



Adiabatic gauge potential
• Berry connection is the expectation value of the gauge 

potential 

• Berry curvature:  

• Metric tensor 

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

• Universal near second order QPT:

h0|Aµ |0i

Fµ⌫ = �i h0| [Aµ, A⌫ ] |0i

gµ⌫ =
1

2
h0|AµA⌫ +A⌫Aµ |0i

g ⇠ |�� �c|d⌫�2



Non-adiabatic response
• Let’s look at the corrections to the ground state 

energy 
General 

First order: 

Second order:

Translation 

First order: 

Second order:

H̃ = U †HU � �̇µAµ H̃ = U †HU � �̇p

�E1 = �̇µ h0|Aµ |0i

�E2 = �̇2
X

n6=0

| h0| p |ni |2

E0 � En

�E1 = �̇ h0| p |0i = 0

�E2 = �m�̇2

2
Effective mass of the classical parameter:

�E2 =
X

n=0

| h0| �̇µAµ |ni |2

E0 � En



Counter-diabatic drive
• Can we keep the system adiabatic even if we 

change our parameters fast?  

• Just cancel out the gauge potential! 

• Rotate back into H if possible

M. Demirplak, S. A. Rice (2003), M. Berry (2009), S. Deffner, A. Del Campo, C. Jarzynski (2014+), …

A: Static B: Moving C: Counter diabatic

HCD = H(�t) + �̇µAµ

HFF = R†HCD(�t)R� iR†@tR



Let’s play a game

J. J. W. H. Sørensen et al., Nature 532, 210–213; 2016



Effective translation
• System is described by: 

• Let’s assume: 

• Transform to:  

•  

H =
p2

2m
+ V0(x) + V1(x� �)

A� = v(�)(xp+ px)

Tweezer position

T
w

ee
ze
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te

n
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al

Static tweezer Accelerating tweezer

a

HFF = H � @t(v(�)�̇)x ⇡ p2

2m
+ V0(x) + V1(x� �FF (t))



Effective translation
• System is described by: 

• Let’s assume: 

• Transform to:  

•  
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p2

2m
+ V0(x) + V1(x� �)

A� = v(�)(xp+ px)

HFF = H � @t(v(�)�̇)x ⇡ p2

2m
+ V0(x) + V1(x� �FF (t))



Many body systems
• Whole other ballgame  

• Hence 

• If the system is ergodic we are in trouble: 

hn|A� |mi = hn|U†i@�U |mi = hn(�)| i@� |m(�)i

Figure 8: Exact gauge potential as a function of system size: non-integrable systems (exponential
scaling) and integrable (polynomial scaling)

Scaling of slope of gauge potential

Here we take di↵erent slices in y-axis of slope of gauge potential (figure 5) at certain �c. In small
µ regime, since we expect � ' 0, we start o↵ with a value of �c = 10�10 and then we keep on
increasing our value of �c in subsequent iterations.

In big µ regime, since we expect � ' 4, we start o↵ with a value of �c = 3 and then we keep on
decreasing our value of �c in subsequent iterations.

We find that to reach the same value of �c, the system needs cuto↵ µc whose value is exponen-
tially small in system size in small µ regime while in big µ regime, µc whose value is extensively

big in system size (figure 9). This provides evidence that µ(1)

c / e�L and µ(2)

c / L.

Figure 9: µ(1)

c and µ(2)

c dependence of system size L: former seems exponentially small and the
latter a linear one

Scaling of gauge potential

In small µ regime, since we expect µ(1)

c / e�L, we parametrize our µ(1)

c (L) = µ
0

e�L, where µ
0

is our parameter (left side of figure 10). Here, we are coming from far left side of phase diagram

12

hn|A� |mi = �i
hn| @�H |mi
En � Em

| hn|A�|mi = | hn|@�H|mi
|En � Em| ⇠ e�S/2

e�S
= eS/2



What now?
• We should be less stringent. Eigenstates of the 

same energy density are locally indistinguishable 
anyway. 

• Here is our trick: 

• Observe: hn|A� |mi = �i
hn| @�H |mi
En � Em

@�H + i[A,H] = FBO

[@�H + i[A,H], H] = 0

S(O) = Tr(@�H + i[O,H])2 ! A = argminS(O)



Variational method

• 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:

S(O) = Tr(@�H + i[O,H])2 ! A = argminS(O)

@�E2
n

@t
/ hn| (@�H + i[A,H])2 |ni



Free fermions
• Let’s see what happens for free fermions 

• Let’s take the most local Ansatz 

• Compute some traces 

• Exact solution for linear potential

H = �
X

i

(c†i+1ci + h.c.) +
X

i

V (i,�)c†i ci

A = i
X

i

↵i(c
†
i+1ci � h.c.)

�3@2
i ↵+ (@iV )2↵ = @i@�V



Compensating electric field
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Anderson orthogonality I
• Recall: 

• Gauge transform
HCD = H + �̇A� = �

X

i

((1� i↵i)c
†
i ci + h.c.) +

X

i

V (i,�)c†i ci

HFF = �
X

i

(Jeff (i)c
†
i ci + h.c.) +

X

i

Veff (i,�)c
†
i ci
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Anderson II
• Chain of 512 sites, half filling, final strength is 2J 

and time is 10/J.
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Moving impurity



Flipping spins
• Consider 

• Then we can expand in terms of strings of spins
H =

X

i

�
�z

i+1�
z

i

+ 0.8�z

j

+ 0.9�x

j

+ h
x

(t)�x

0

�

H =
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i

↵
i

�y
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ij
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Transition rate
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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 

• Simple local expansion for gapped systems  

• Physical gauge potential for ergodic system seems 
only polynomially complex

DS and AP, PNAS, Volume 114, 20 (2017) 
DS, PRA 97, 040302(R), (2018) 
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