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General Setting

Closed quantum non-equilibrium many-body system
HA®), Al = (A\(1),.... ¥ (1) e M

Instantaneous basis

State of the system

[BAD)) =Y an(A(0)[r(A0)))

i0, (1)) = H(r)|1b(1))

= i0,a, + iZ(n\@Jm)am + i(n|0;|n)a, = enan
m#n

. . 1 )
Density of excitations: nex = 7d Z |an|
n#0




Quantum Geometric Tensor

iOa, + iz<n|5),|m>am + i(n|0y|n)a, = €yay
m#n

t= At 52 =0,

P
Z i0ya, + iZ(n]8#|m>am +i(n|yln)a, | M = eqan
p=1 m#n

Quv(An) == 8, ({n]) By |n) = 9y, () [m)(n| Dy ), v =1,

J.P. Provost, G. Valle, (Commun. Math. Phys. 76, 289 (1980)).
@ ReQ,, =: g,y Riemannian metric tensor

e 2ImQ,,, =: F,, Berry curvature




Quantum Geometric Tensor

@ ReQ,, =: g, Riemannian metric tensor: ds* = 9 d \dN”,
which is related to the quantum fidelity

FOUA+dA) = [0 [0+ d\)| = 1 — %df b

e 2ImQ,,, =: F,, Berry curvature: F,, = 9,A, — 0,A,, where
A, (A, n) :=i(n|0,|n) is the Berry connection (connection

1-form)
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Competition: Dynamical and Geometrical Phase

i0a, + iZ(n[@,\m)am + i(n|0;|n)a, = eqan
m#n

Gauge transformation: a, = a, exp [ ftf dr(—ie, (1) +iA-(|n)))

Ortin = — > _ (n|Oh]m) exp [iEpn(t) — iTn (1)) i
m¥#n

Bl | eur) — en(M]dr. Tun(t) = / Ar(n)) — Ar(im))] dr



The XY Spin Chain

Y
J.K. Pachos and C.M. Carollo, Phil. Trans. R. Soc. A15 364, (2006)



Criticalities of the XY Spin Chain

A, b, 0(1) = > exle. ) (blb +1)

k

ex(g,h) = \/(h — cosk)? 4 g2sin’k

h

vme = 1/2, 2mc = 2 Ising Critical v, = 1,2, =1

h=+1

Anisotropic Transition
L gcos(2¢)

h=—1




Circular Dynamics:

Start in the ground state |GS) att; = 0, ¢(t) = wt, ¢y = P(ty)

H(g, h,o(1)) = — Y & Hi(g. h, 6(1)) &
k

where

~ [ (h—cosk) igsinke 20 G ;
He = <—ig sink e*®()  —(h —cosk) )’ and ¢ = (¢4, ;)

P
N 2

W (1) = ® (1)) V(1) = ags,k(t)|gs>k + aes,k(t)|es>k

— Dex .k = ‘aes,k((z)f”z



Circular Dynamics:

_”% _W% Ssm[ ()¢f]
nex(w7¢f)_/Zﬂpex’k_/ZTrg¢¢(|g>) [iQk( )]

—T -7

2

Ulw) 1= \/ [g";k — (Ao(l2s)) = As(les)i)) | +49o0(les))

o Slow driving w ~ 0:

Uw) = BEZE (44 (Jgs)i) — Ag(leshe) + O(w)

w

@ Fast driving w — o0:

() =2 — 3 B (4 1g5)e) — Ag(les))) + O( )



Circular Dynamics: Limit of large ¢
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Circular Dynamics: Limit of large ¢
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Summary

@ How the geometric phase influences quantum many-body
non-equilibrium dynamics.

@ Signatures of quantum criticalities in the dependence of the
density of excited quasi-particles on the driving velocity,
“Dynamical quantum phase transition”. Which allows to probe
quantum phase transitions in an indirect way, without crossing
the critical point.

@ Outlook
o Generalization to more complex systems.
o Dicke model
H(o(1)) = wol. + wala + 2 (a7 +a) (P + e 0] ),
w(wo + (5¢,)
2

wwo

Ae = — A =



Rotated Dicke Model
R.H. Dicke, Phys. Rev. 93, 99 (1954)

w

F. Plastina, G. Liberti and A. Carollo, ophys. Lett., 76, 182188 (2006)



Criticalities of the Dicke Model

Solved in the TDL (N — o0) using Holstein-Primakoff
transformation and Displacement of the bosonic modes:
C. Emary and T. Brandes, Phys. Rev. E 67, 066203 (2003)

K. Baumann et al., Nature
464, 1301-1306 (29 April
2010)

(Wr) semod dung
002 1 000'+ 008 009

st
(:3) widep somel dwing



Criticalities of the Dicke Model

Solved in the TDL (N — oo) using Holstein-Primakoff
transformation of SU(2) and Displacement of the bosonic modes:
C. Emary and T. Brandes, Phys. Rev. E 67, 066203 (2003)

1
Ae = 5./ww0




Coherent States

Spin (atomic) coherent states
<) =exp (C(I+ = C*(WI) i, =), () eC

where |j, —j) is the “minimal-weight” eigenstate: J.|j, —/) = —j|j, —).

A sin ¥ cos
(lile) = j [ sinwsings

z

cos v

, 9
¢ =e'¥tan =
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¢ — plane \& e D
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{I¢)} over-complete set! e

- 2 2j+1
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Coherent States

Field (oscillator) coherent states
(1)) := exp (a(z)aﬁ - oz*(t)ﬁ) 0), a(t)eC

where |0) is the vacuum state a|0) = 0. ala) = ala)

(wh
2

O> e |a> complex a plane
D(B)|a) = ™o+ )

{]av) } over-complete set!
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Time-Dependent Mean-Field Approach

I N
Sla(), ¢(n)] = /t di [(aCIi& — Hp(¢(1))|Ca)

38 [a(1), ¢(1)] = 0

) = q1(1) +ip1()

4 @0+ i)

alt) = \}zmz(n T ipa(1))

Her == (¢ [Hp(6())[¢ar)
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Time-Dependent Mean-Field Approach

(cos ¢(t)g1 + sin ¢(f)P1)quz+
V4 (4 — (@ +07))

4i— (@ +p?)
4j

g1 = wop1 — 2A

+2X sin ¢ ()2

(cos ¢(t)q1 + sin ¢(I)P1)CI2+

V4 (@ — (@ +?))

. 1
p1 = —woq1 + 222

4'_ 2 + 2
-2\ YT (611. pl) cos ¢(t)qa
4j
g2 = wp>
. 4j — (¢3 +pt .
P2 = wqo + 2\ M (cos ¢(t)q1 + sin ¢(t)py)

4j



Fixed Points ¢ ( t)

w(wo + dg)

ql,C| - Oapl,q - Oa‘]Z,c. - O’pz,ﬂ — O’ Stable lf )\ < 2

) w(wy + 6
Al,c3 = :F\/z] (1 - W) cos ¢([)




Fixed Point - Circles

Q1) = dyt

pa(t)
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Mean Photon Number

@'a) = (W) a'ale(y)) = lag,* =
- % (Q) [1 _ (w(‘io;%))z] if A > % w(wo + (5¢)
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Check validity of TDMF equations
gb(l‘) = 5¢ t, gf)f = 27‘1’7 Nmax = 50

w=wy=1, 4,=0.5 w=wy=1, §,=1.5

1.8
35k mfs .!.7 16l e o mfs
« « |GS), j=10 & | - es) =10
301+ jes), j=10 1Y . es), j=10




Check validity of TDMF equations
o) =6dpt, ¢ =2m,  nmax =50,40,  [9(0)) = |ac,)[Ce,)

04=1, w=1, wo=1, ¢1=2 &, j=10




Summary

@ The geometric phase

v= [ i ax
C

can induces “dynamical quantum phase transition” in different
rotationally driven quantum systems. Which allows one to probe
quantum phase transitions in an indirect way, without crossing
the critical point.
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H((1)) = wol. + wila + \/AN (aT + a) (ei¢<’)i+ + e*’d’(f)j_)

(afa) = (v(r)lataly (1)) = (0[¢j, 10" (1)a"al (1) lj, —1)]0)

P(t) = dpt, =5
¢

§5=1, w=1, wo=1, ;=2 7, =8 §4=1, w=1, wo=1, ¢ =2 x, j=10
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Figure: (left) start in |j, —j)|0) (right) start in |GS7)
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