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Introduction

** Quantum (an)holonomy:
- quantum resource for system control
- adiabatié& cyclicvariation of parameters

** Berry(nondegenerat&Wilczek-Zeé&degerate)
** We point out existencahsir exotic sister

** Key role of Berry-Megalige connection




Conventional Theory

*k Parametric systétfl ) with no degeneracy
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Full Theory

* C! =01 2" : adiabatic cyclic variatign
! ) — M(C)l n)e ' HERC
' i dtE (¢
= Um! Mmn (Ce’ b “||||||llu]

m \\///!I

* M(C) = W(C)B(C) ‘permutation with
ST e .

m,n

Wmn(C)— "I-I-e'l & Al
Amn ()= m (O all)”, A mn ()= Amn (1 )

4



Two Comments

s Gauge transformation|! (! )!'# €9°C) 1 ,(1)!
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*k Spiral holonomy

- 1D system wigloint interaction e K
(Cheon 1998) o \ R/
- periodicallicked spin 1/2 BESSN

(Tanaka&Miyamoto 2007) . a




Outline of Proof

** Solve the parametric time evolution

H(!,)! i% Il ()" =0

= Formal solution |1 (t)! = U(t)|! (0)!
U@ = Jon( o yTe ! o0 g (1)
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% Fujikawa mairix {lon (! ¢)!} : arbitrary basis
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Outline of Proofcontdd)

O |
< With identity
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Outline of Proof(complt)
¢ If diagonal elements dominakg in
Fron (1) = W (W)){H )" 10" ¥ va (1)1
D L "V ()I{H (M) # Ui} v (7)S

&

= with identification, («) = ! (&) , and assumi

adiabaticity, we have
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Ccomments

¢ Valid whenevEey nis approximated (or Is) diagonal

- W(#): iInstantaneous basis with
adiabatic variatibn Berry

- #=t, \(t) exact solution
of the problem Aharonov-Anandan

*x After diagonal approx,

U(N) gauge symme!try()diagonal() Invariance
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Extension to Degenerdimse

% C! =0 2" : adiabatic cyclic variatign
b MG el 9500
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* M(C)= W(C)B(C) - permutdtiok
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Example of Kicked Spin 1/2

< Oz
= Time-periodic two-level system 1
5 (A= R, eV #t! n! Q)
=

with &3 = biEe 0% sin! cos"

B =i s s -

/=Sy | . 9 = Sin ! sin

2 2 o b | 0% i cos !

oK parameter space{! % ,#} — Sl | 82

* one-step evolution U, L VN L
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Full Solution (J=1/2)

** Quasinergy | = g + (! )”Engp! w1

= Quasieigenstate
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' q= Q”Tp! AT
& with
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Gauge Field (J=1/2)

3= With the representation B kg

| g & :
gauge connections obtained as

As = %(! scosy! 1 4siny)
A= 0yil ks
s SNOFEIRE R
¢ diagonal path-ordered integral of
B(C')=d ™3 B(C')=1 B(C')=1
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Holonomy (J=1/2)

** Path-ordered integral of full A
VWAES = cos IREN(Fcosi sl fc s il

W(C! ) — COSQ(2! p)! | iZz SinQ(2! p)!
2 2
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K Holonomy monopole !for T=0"
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Spiral Holonomy (J=1/2)

<
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** Periodicity of Q

Qi1 = Qrat + |§ &[
p=1

and off | | =/ 4

8n()\+27"): €n+p(>\) 0 » : o

% Level shift with cyclic -~ “f@ |

parameter variation & |

! n(C!) = n(C) == =1

' n(Cr) = p L7 .

0 T % 2 '

states alternate with pdd
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Example of Kicked Spin 3/z

< Oz
** Palrwise doubly degenerate 4 levels
]!
: !
g ==t [ G R R Y #t! n! E)
: n="1
with D e 2 T T s e
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Full Solution (J=3/2)

% Quasiener M. n
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Holonomy All Star

= OYang-Mills instantonCStaector —
** Mixture of Wilczek-Zee and é

spiral holonomies ®r sector

i 0 lisin"l +cos"! 5
A ‘!!‘Qz%p!,"aT Pl =feas s, 0
2! p)!
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(2|)l! n o o "0'%
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2 ' 1 0 Boe=0
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Summary

<

¢ Fully gauge invariant formulation of qguantum holonomy
< All known quantum holonomies under its fold
s+ Potentially useful spiral holonomy legitimized

¢ lllustrative examples including 4 level-system dlsplayln(
holonomies mixed together
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