06008

LU OEFEIRSR

&t

Berry \i4HIC K S E1 HFERIRIIFIER &

HAGEWIZET  RREENIERT  T679-5148 LRI B AT 4R 1-1-1

2 B
L, X EHOFA HIRFE NI

BB EWBEOXRY PV E OMEIEH LD Eﬂ)ﬁf%
DOWTHERDIEH» H DT

, BB TR X 2B ERIEr OR 0 v e
c WEHBMREE N5, BIFREETERRICE S W T

X BOBROEB A wE M 5 & RFADEFEAORIEFES Berry fh= LT ATETHN, F2ITTELRE D O+

Tt Berry iR OFEIC L D FERELBAOKEZIDI0H{E LDV T FERT I EBbho T, ET2,

Btk L EEME T B

bR LOIVF T 2 04 7 A EFFINLWEFFIC BT B HDEBEOFFIC OV THiEN S,

1. FU®IC

FEan SR 2 £ T, WEOEREMS C L ARKRO
WNETHY, XIRIIWEOLE B ZHNLFREL
THibhb, £2T, AMTEBATIERBL CXHRrE
FICEE, XBEPIMWEOHBRAKELUMS &L THEE &L
TELLAWIEEWE LAWhERNS LI HIc B0
T X BREPT R G & B 3 5, X BRIET B G O B 519 =l
P& B IEIEITICOWT, TN E OB LUWELY
A A=V EEZTHRED,

EBFWHERTE, XHEELRTIEZT#EEL SN S
ERTeT, DFED, fEaPBEE L TXRPRFO

SICHIR SN A LBIRTE S, TOLDICX PN
FOEDITHELEI NS WD BT, ML LE LA T
méu/XTt#%H%héioﬁtﬁ@wu,OEO%
FIRFICHL 5 HDTH 5,

—7JF, EYIEMER T, XHEAEB L L TURES
&%éﬁ»ﬁ@lhf%w$fﬂ§%ﬁﬁéﬂé_&%%
e 5720, XBERNFOEIDICA A—VT 5 LIER
BThHY, T, BAEEDO LD IR OEEOHET =5
W% DL HEHITIT TR,

Lo X5, #SBriyEam ik X FO kD1
AL T I OEBRICIE DN D 29 <, BIERVEER Tl
S RNE e E e o 7- 0w & L UIBETH S
PRERABEBINCIEA A=V LI > T5, £ TK
FRCIESE O OREOBHER R b, B SIS0 G & 2T
K%ED XD ICEBWICHEMR T S TE L LT, Berry %
e X SR OEB R BT 20, BIFnvEm
ICHEDWTHEROEB SRR AEHN T 5 &, BADEELD
FHEISNAIEZT Tide <, FEBEORED 26k BHHIE
H (Berry fi3R2Y) 230V, ZOFIEED X HE RO

EENCIEE W RFEERITT, COLICXBERD
Berry (M TR O T 2t 4 5 FEIE, EROERHO
BFPOPDRLT S THHTHAILHEDLLIFHKRDX
BHFETHLLABIN TR S DT, SHOXH
HFEDOPFIEANOH /270 O & mniFFENTh 5,

KRGO & LT, BEEH W CGER Lo e etk
MNCEZET 5 L VO MNIC R > T b, BRITP0HEHMIC
o TLEDIDT, BEI ko TUTEMNZE/ELICHTHA
THOOLER D/ BB T b LNk,

2. FlEEk

COHITIE, SHREMRT AT « it 5 OMB AN T,
SELREEITR 3 A X MR OB S BT B & 12 E 4 5,
Maxwell R IZ

(ﬁH@ﬂ
— Uo7 —at ,

aE(r t)

VXE(F 1) =

vx H# t) =¢ee(7)

CD2oO0K NG ERXR HICBET AEEH iR E21EA DT
2N, WEITERDN TV I —F TEELZHDT, BFH
THEREIC KD, B BB ORDVICH L <

FE@F 1)
FA7, t)

=Je(PEF, 1),
=uPHF, 1),

EEFRT B, CCTEHERKE u@) =1L LT, KAt
FEHocomiot b 2 b, FEHZBS % B 12

& Nov. 2007 Vol.20 No.6 © 3867

(C) 2007 The Japanese Society for Synchrotron Radiation Research



1 VX |:V>< 1
m e(7)
v [ Lovxricn ] -2 piep),

e(7

2
FE(?)] -2 P,

EIIVI— R TETS, 22T, BHNT FIVER
By PV EGFTCELDOIREDLLVWOT, £LHT

= ()

ELT6RIEANY PV THBBIMA E W TH <,

OO0, 2HEAUEE 25, B CIHEBRIIET
FRUAEE LS, e(F+a) =e(F) Tii/l=3 DT, HAL
X7 BV a s 27 BV Gt LTk
FE (OWH) # Fourier L T,

1 L U
— =+ 6T+ e 0T

()
EE b, PEERAELIT 2 BT,

1‘—‘}5(7—,) :foeiii-?+11vlei(i€—€)-i
=ez‘1€-7(1'—‘~0 _,’_1"—~le—i€;-7) = eiE'?U;;(T’) ,

CPHEE AR THEZZ T TOWABICEL LN TE
o TCC, Up(®) 34T LU k% & o F R~
7 FIVTHY, EROBHRIICORICEEN TS, o
T, I(7) =e® (7)1, b x> LEEFOERET O Bloch
BIS w (7)) =e®rup(7) LRILETHD, P TIXHD
Bloch IREE & L CTIREED C & BRI %,

2 PR UOEP T, HEHBPAREROTA LD, BHEO/
O o OB EITHEBRE KD S &,

o[£

£2 2 L_ (2
=z [F*+ (B—G)*]

i%wﬁ‘z LE2+ (E—G)2]2+€(2) (- k-G) ’

CETT, Fig. 1D L2275 (G %o by OFMIC & 70,
L GOEM O AKMHEND & D ¥ Bragg &40 &
CHTHSRL, THNVF—BREL TF v v IHRHVTH
Bo COHEBIGRAE 280 OY0 NGRSO TA LD,

£, Fig. 1DME% o =w, (—&F) OFHETH % &,
WHENEFg20 LS5 L <MbN/ s HmEICKYD,
Bragg &#hD & A TEBMEITH T X% v THEL 5,
COF v v THETH, WP CERIGT 2B FEL
Wed, &R 5,

—7Ji, SEX =k (—E&) OFPHEHTY > TAh5LE, W

368 © gt Nov. 2007 Vol.20 No.6

Fig. 2 (a) Dispersion surface and a plane w = w. (b) Cross section
of the dispersion relation by the plane with a gap at the Bragg
condition.

Fig. 3 (a) Dispersion surface and a plane k =k,. (b) Cross section
of the dispersion relation, which is analogous to the band
structure of electrons in a semiconductor.
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Fig. 4 Wave packet with a sharp peak in the momentum space and
a broad one in the real space.
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Fig. 6 Schematic illustration of non commutativity in the canonical
momentum. Different path in 7 space gives different result
due to the magnetic field penetrating the loop.
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Fig. 7 Optical magnetoelectric effect described by the difference in
the refractive index whether the propagation direction is
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Berry Phase Theory for Dynamical Diffraction and
Its Application to Optical Phenomena

Kei SAWADA RIKEN SPring-8 Center 1-1-1, Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5148 Japan

Abstract We develop a modern theory of dynamical diffraction, in which the Berry phase correction to the
conventional geometrical optics is taken into account. The Berry curvature gives rise to an enhanced shift of
an X-ray wave packet in deformed crystals. We also discuss an anomalous behavior of light propagating
through a multiferroic material, in which time-reversal and space-inversion symmetries are simultaneously

broken.
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