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Adiabatic ground-state preparation

Pes(Ao))  — [ Pg(N))




Adiabatic Quantum Computation

= (1 — A\)Ho + \Hy

linear interoplation: \(¢) = %t
@ Ground state of I:Io is easily accessible

@ Ground state of I:If encodes the solution to a hard computational

problem
E. Farhi, et al., Science 20, 472 (2001)
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Superfluid - Mott Insulator Transition

Superfluid

Phase coherence

Macroscopic phase
well defined in each
\ potential well

Y

Atom number
uncertain in each
potential well

M. Greiner, et al., Nature 415, 39-44 (2002)

Mott Insulator

No phase coherence

Macroscopic phase
uncertain in each
potential well

Atom number
exactly known in
each potential well
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Quantum metric tensor - a simplistic approach

Consider two nearby ground states |¢)o(X)) and [1)o(X + dA)) and

define a distance A(\, dA) between A and dX in M

AZ(A dX) = 1= [{Yo(N)[Yo(X +aX))|?

[Yoh+ ) = o)+, o (NN +3 8,0, o (A)NINaN"+..

A2, dX) = 1= [(Yo(N)]Po(X + dA))|?
= gud\N'd\’

o

0
N

= Re (w0l 0,, i) — (o110 (w0l o) ) dN“N”

Quantum metric tensor

g = Re ((ol,0, 1) — (ol Do) ol o)




Quantum metric tensor - a rigorous approach

[o(A))] = {e |40 (A))}
|
I([[vo(A)]) = A




Quantum metric tensor - a rigorous approach

CFMwon = Tiwo PH X TP — C
wy ) (U] V) ()]

|X) € H projecting to a given vector |u) € Ty PH

X([u), [v) = (ulv)(gey = (X1 ]X2) — (X1 |vo) (Yo] X2)

The non-degenerate hermitian metric x pulls back to a

non-degenerate hermitian metric y only if pull back is injective
J.P. Provost, G. Valle, (Commun. Math. Phys. 76,289 (1980))

X = (60|90 [100) — (0], 100) (0] o)

where 0,, = % and

8uv = Re(X;w) Fu,=-2 Im(XW)



Quantum metric tensor - Fidelity

The quantum metric tensor is closely related to the fidelity F

FAX+dA) = [(Lo(N)|¢o(A +dA)

P. Zanardi, P. Giorda, and M. Cozzini, Phys. Rev. Lett. 99, 100603 (2007)
The fidelity susceptibility x r is defined by the expansion of F

FOX+dAN) =1—yr+...

and reads
w00 : lBBul0) _ oo | asean
= gudN'd\’
1 <@Z)0|8#I:I|@Z)m> <@ZJ,,,|3,,I:I|U)0> tpe Vd)\“d)\l’
B mZ;éO (EO - Em)2

W.-L. You, Y.-W. Li, and S.-J. Gu, Phys. Rev. E 76, 022101 (2007)
V. Mukherjee, A. Polkovnikov, and A. Dutta Phys. Rev. B 83, 075118 (2011)



Quantum metric tensor - Energy fluctuations

_ [ 8x 8xz _ l <¢0|aﬂﬂ’¢m> <¢m|8l/1:l|¢0> + U
807%) (gzx gzz) 8w =3 ,; (Eo — En)?

z =z, X(l) = Vyl + Xo, 0<r< tf? x(tf) = Xy

OE? = (u (1) [H2 [ (1)) — (w(tp) [HI (1))
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M. Kolodrubetz, V. Gritsev, and A. Polkovnikov, Phys. Rev. B 88, 064304 (2013)




Geodesics

ds? = g, d A\ =1 — [(ho(X)[1Po(X + dA))

The quantum distance £ between two ground-states |¢)o(Ao)) and
[o(Ar)) for a path A(z), joining Ag = A(0) and Ar = A(#), is given

by
f Ar Iy —
LX) = / ds = /A gudN\dN = /O Wdt.
! 0

A geodesics is defined by
0L=0

and we can find the shortest path Ag,(f) connecting the two ground
states at Ag and Ay.



Geodesics
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The Landau-Zener model

Hiz (1) = x(1)6" + €(1)6° = (;(f) x(t) )

(1) —e(r)
Eigenstates
_ QFe 1 X
|¢o,1)—¢ﬂ7\/mlﬂ+ﬁ7\/mli>,

Eigenenergies Ep | = FQ = FVx2 + €2

Find  Aopi(t) = (Xopt(2), €opt ()T maximizing:

Ftr) = [ (1) [o(1y))

for [10(0)) at Ai = (xi,€)"  —  |yho(ty)) at Ay = (7, )"



The Landau-Zener model
(a)

€=0.1 (b)10
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(2) ga=gtayr = o) = etan[o; + (ay — ) 1/17]

oy = arctan(x;r/€)

@ 2000 (350) = (0 )

0 1/4
= Qgeo(t) = € Ogeo(t) = 0; + (0 — 0:) t/1;
0; = arctan(x;s/€; ) -



XY spin chain in a transverse magnetic field

- l+g... 1
fay = - { oot + - Laye,

- — cos(k sin(k)
Hyy = Z( gsin(k)  — [;f —cos(k)]>

+ h&;]

h=+1 rp=1zn=1

vmc = 1/2,2mc = 2

PM




XY spin chain in a transverse magnetic field
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M. Kolodrubetz, V. Gritsev, and A. Polkovnikov, Phys. Rev. B 88, 064304 (2013)
P. Zanardi, P. Giorda, and M. Cozzini, Phys. Rev. Lett. 99, 100603 (2007)



XY spin chain in a transverse magnetic field

(a) h (b)

== yin () * ™" Ygeolt) - @~ Xgeo(t)

00L== 1
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Hyy(h,,¢) = R.(6)HxyRL(¢),  R.(¢) = [T\, exp(—i%o)

— 1 _ Y —
87y = Toy(1y)2 890 = 3(7+1) 8ve = 0



Summary

@ Quantum metric tensor:

g = Re ({60/,0u1100) — (W0l (0l 1))

@ Geodesics:

dPAP 1od\Y d\P AP d\Y ~ ST
dr + Fl/p dt dl‘ — O g#y dt dt — COHSt. ~ (SE

o Landau-Zener model and XY spin chain

o Used in experiments with superconducting quantum circuits (P.

Roushan, et al.)
- -' - -' |
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