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Fig. 1 (Color online) (a) Momentum density and (b) charge densi-
ty of an electron in Cu 3dz? atomic orbital.
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Fig. 2 X-ray cross sections for carbon and cerium.
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Fig. 3 (Color online) Schematic diagram of Compton scattering.
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Fig. 4 An example of Compton scattered x-rays.

blsh, TEA VLB E VS, D (2-1)-
Q-4 D5, FHEBOXTO T FIVF— hw, wEL L,

#mﬁjmml

2m m (2-5)

h(j)g = h(j)l -

LB, 22T, K(=ky—k) 1 X OBEAN Y FILT
BHbHo A XML AIVF—ho EEFELAO (TDb,
BEAR7 FVK) E—EBHEICHESINTNWLDOT, $F1
HEF2HITERIC A, 5 3HICITEELATOEF O
FEE)E & HELN 7 PO Kepr BEEN TV S0,
BEL X AR O T 3OUF — 13 HELET (WAIRAE) O F O H)
IR %,

WEAICE T R F R E (~10% @) OFETF 2,
ENENOWE (FirbbiiihE) CHfjL T\WHDT,
VT VEGELA NV PR DRLEE L TE LN X
MOTFNE— o« 27 RV I(hw,y) 13, BT OB RS
Hirw LT, WafF>ok>1c%% (Fig. 4), WET 5%
BOBEFEHEFRE GEHERROWHEIKO 2FE) &
p(®) =p Py, by, p) & LT, b, FEEEEAFHLN 7 RV K IC
SEATIC R &,

I(hwy) <] () =SS p(p)db.dp, (2-6)

Linh, HAHEEEP, T, p.WICHEE L pe—py FHID
p(p) 2R LcEAa Y T e 0T 7 401
J(b) TH B, EBICI VT (hwy) 5 J(p,) #HELIC
I, RENCHA A Mo EELKTE R A > B

2.2 W ERELEREE

X & BT OBELICIE, RIS &R T OMAEA
B OBWEOFTwA A5, A XHEOT v
F—PEFOHFIETLF— (511 keV) LD/, 2
O%E@%%%kXﬁ@%@%&@ﬁﬁ@%ﬁx%Xﬁ
DITFIVF—ID/NIWEBEICIE, 8 1RV ERAR
Di%,:/i%/ﬁﬂ@ﬁ“%ﬁFiUT@iab
%22)0

d’c do\ hw,
dQdw, <dQ)Th thZ; o ‘Z exp (K-x) “>

X 5<E2 E1 + hwy— h(j)l) (2 7)
ZC2C, (do/dQ) i\t AV VEELOKE R, il & H
DBETOMEEE, [DIXEILETOTRTIRE, [/ 3

BOBETFRETH H, ZOMO Y V/FRIVITFINEG &R LT
B 5,
aAVT RV e TR T s A NNEERLIZDIC, EEoa T
FUBELERE, DTN 2 2O&MRHI-d L D127
N5,
1) av/ Vvl k- TETF BB LT R VF—
( y—E) BEFOMETLRIVE—LDHHICkE
o Tixbb, HEL S N/-E T ORI Fmp TR
60
2) #WELAR7 PV K XEFHESROSE XD T5Ick
v, Fabb, FETUERIG exp GKe (rj—12) |
=0 for j#k PV LD,
ED250%& M —fEICLTzb DD, 4 V70 AELEIT
HHB, avT b VERELE, ORETEELSFIT, Bl
B - 72 LI OB F & BRI P ECREICEE > T ]
W EE 2 T,
DA VOV AR A T, B LT R T
P2 W7 5242,

dz
d.Qd(,Ug

=F (w1, wy, ki, ko, 6, p.)J(p.) (2-8)

CCT, b EBETOEFHED 2 5T, 2 EHIEELAN S T
WK EEATIC & B BIF 13 Ribberfors?®) < Holm?) {Z
FoThHZBENTWLEDT, av T F/BELEEDO T IV
F—0 M6 J(p) HEFEEL T ERTE D, M HELE
MR F & J(p) CHRBGRTE B enay 7 vkl
DIZ—7RBECH Y, WET— 2 OERE BHIZ LT
WA BRI W TZOFEER AWML AT S Hidky,

2.3 BFEHEZEEDOBER

BT HEBESRE p(p) 13, RADHHMHITALTHEL /2T
VIR e T Ty AN](p) OF =X <2y F LR
WFEECIOVHERT 5, BfE, ZTOoFELEL T,
Fourier-Hankel #:26) , Fourier-Bessel #:272% | Cormack
2980 EE T — ) T8 kT o — ks
MHONTWD, CIT, BEEY—)TEICOWLWTEOM
WA at L k5,

RN, EFEBREE p(p) O7—) TEWTEZ S
N5 BREEERT 5%,

S May 2012 Vol.25 No.3 @ 155



B(r) =Sp(p) exp (—iper)dp (2-9)
C D7 — 1) AT
(B) = s | BO) exp (—iper)d (2-10)
p(p) = 2n)? r) exp (—iper)dr

E 5%, BEBUIALE MBI O B CHEEY Th %
B, FHREBUFEITIC SV IR R+ X WO T, 2D
YRR ERICITEA D L\, BGLRZ PV K OJf & &
2o0ME (o f) TEL, ZTOMBHLTHEL 2oy
Trv e T T ANE T4 (0) B &,

B, =S/a,ﬁ<p> exp (—ipr)dp (2-11)

OBIRDBB Y, B, 5(r) T ALEZEMIC 550 4 [F U A O
FOBREBOELY 525, JitL (o, f) 2 TEHED
Jop(D) ZWEL, C-1)26/6NA B, z(r) DF—4
sty FEMET ST EICEY B(r) 5T, (2-10) D
7= AR LD EEENEEE p(p) kDB, MW,
3T p(p) DTFFHERACIZHI20 762D Jo 5 (p) HMEE L
%o 2 WUHHB OB, BT S miC HEE [ O
GHEAD, 5~1056D J,, 5(p) T, BEEICHE SH
TCETEBEELE ZRDOLH C EPAEETH S,

3. BEFEMEREICMHTSIER

3.1 BEREDEFEHEZE
EdP ) A EEE T E 2 LD, MR RO
b, ETETREE

2

p(p) =3 1K) H V() exp (—iper)dr|  (3.1)
b, k

THZ26NB51, yy o (r) 13285 FFEED, A7 -
Uk OIRREIC 3 5 FEF OWHBIE, ny (k) [ XFEREDOETF
HEREETH S, 7 oV IMEN (Ep) LUFORELE
FIoEBEINTWAEDOT (k) =1, Ep EOREEIZIES
FHixDOTny(k)=0Tdh 5, i LD/ F 3 Ep % §Y)
LEBO%E, 7 o)V I EEE kp Ty (k) 28 150 10K
HMEICE b5 (Fig.5), Cha 3RIEHICEZL L, 7
VLT /Y =V CARERICE T 5 R8T &
ICEVEPAER SN, COEDT )V IEICHST 5,
vk F k ZETH LS 5T7 00 KB TEYE S,
iker (3_2)

Wi, x (r)=e Up, (r)

156 © Fugtit May 2012 Vol.25 No.3

(@ ]
T AT T Ep
B0 S
’[_7:1/ /
r
(&
k) (=3
b=1 k
0 K,

Fig. 5 (a) Band dispersion E(k) and (b) corresponding occupa-
tion density 7, (k) . The partially filled band (b=3) at the top
shows a break at the Fermi momentum ky, while filled bands
(b=1 and b=2) make a flat distribution of n,(k) through-
out the Brillouin zone.
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Fig. 6 Schematic explanation of LCW-folding for partially filled
band. The LCW-folding procedure brings all the signatures
in p(p) into the first Brillouin zone to yield the occupation
density 7, (k).
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Fig. 7 Schematic drawing of Compton scattering spectrometer in-
stalled in BLOSW.
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Fig. 8 (a) X-ray fluorescence lines of Tl and Bi. (b) Energy profile
of Compton scattered X-rays from quartz (closed circles),
multiple scattering (dashed line) and backgrounds (solid
line). (c¢) Corrected Compton profile J(p,) of quartz
(closed circles) and core-electron Compton profile from the
Hartree-Fock calculation*! (dashed line). Error-bars are
smaller than the size of closed circles.
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Fig. 9

(Color online) Two-dimensional electron occupation num-
ber densities of CeRu,Si, obtained at (a) 5K and (b) room
temperature.
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Fig. 10 (Color online) Two-dimensional electron occupation num-

ber densities of (a) the 14th, (b) the 15th, and (c) the sum
total of relevant bands in CeRu,Si, derived from the result
of band calculation with a f electron itinerant model.
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Fig. 11 (Color online) Phase diagram of La, ,Sr,CuO,.
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Fig. 12 Crystal structure of La,  Sr,CuO,.
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Fig. 13 Schematic view of electronic structure of La, Sr,CuO,.
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Fig. 14 (Color online) Momentum density distributions of doped
holes in (a) underdoped region and (b) overdoped region.
The square is the first Brillouin zone.
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Fig. 15 (Color online) Schematic view of the A-type and the B-type
features observed in Fig. 14.
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(a) A-type: x2-y? hybridized state (b) B-type: z2 hybridized state
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Fig. 16 (Color online) Molecular orbitals for A-type and B-type
features: (a) A-type feature is associated with predominant-
ly Cu 3dx2-y? state, coupled with the molecular orbital of
four O 2p’s to form the Zhang-Rice singlet; (b) B-type fea-
ture is assigned to Cu 3dz? state hybridized with the node-

less molecular orbital of four O 2p’s.
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Fig. 17

(Color online) Directional symmetry of Cu-O octahedral
molecular orbitals. Momentum density distributions of the
molecular orbitals: (A) Zhang-Rice state formed by only O
2p orbitals; (B) Zhang-Rice state hybridized with Cu 3dx?
-y?; (C) Node-less state formed by only O 2p orbitals; (D)
Node-less state hybridized with Cu 3dz2.
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Recent progress in the study of electronic states
by means of Compton scattering
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Abstract Electrons in materials are moving. Since Compton scattering is elastic collision between an X-ray
photon and an electron, one can obtain information about electron motion by the analysis of Com-
pton scattered x-rays. Therefore, Compton scattering is used as a tool for investigating the elec-
tronic state of materials. In this article, we explain how to derive electron momentum density and
Fermi surface from Compton profile measurement and its analysis, and subsequently introduce
the recent findings on heavy fermion material CeRu,Si, and cuprate superconductor La,_,Sr,CuQy,.
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