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�®ª § ®, çâ® ¢¥«¨ç¨  § ¯à¥é¥®© é¥«¨, ¯®«ãç ¥¬ ï ¯à¨ á®¢¬¥áâ®¬   «¨§¥   ®¤®©

í¥à£¥â¨ç¥áª®© èª «¥ íªá¯¥à¨¬¥â «ìëå ä®â®í«¥ªâà®ëå á¯¥ªâà®¢ ¨ á¯¥ªâà®¢ ®¡à é¥®©

ä®â®í¬¨áá¨¨ ¯®¢¥àå®áâ¨ La2CuO4, § ¨¦¥    1 eV. �«¥ªâà® ï ¨ á â¥««¨â ï áâàãªâãàë

á¯¥ªâà®¢ La2CuO4 à ááç¨âë¢ « áì ¢ à ¬ª å ¬®£®§®®© p−d-¬®¤¥«¨ ¨ ¯à¨¡«¨¦¥¨ï ¢¥§ ¯®£®

¢®§¬ãé¥¨ï. �ë«® ¯®ª § ®, çâ® shake–down-¯à®æ¥ááë á¬¥é îâ ¢¨§ ¯® í¥à£¨¨ ®¤®í«¥ªâà®ë©

ª®âãà ª®¥ç®© ¤¢ãå¤ëà®ç®© ª®ä¨£ãà æ¨¨ ä®â®í«¥ªâà®®£® á¯¥ªâà    1 eV,   ®¤®í«¥ªâà®-
ë© ª®âãà ª®¥ç®© d10-ª®ä¨£ãà æ¨¨ á¯¥ªâà  ®¡à é¥®© ä®â®í¬¨áá¨¨ —   2 eV, çâ® ¨ ¯à¨¢®¤¨â
ª ¥¤®®æ¥ª¥ í¥à£¥â¨ç¥áª®£® à áé¥¯«¥¨ï ¬¥¦¤ã § ¯®«¥®© ¨ ¢ ª â®© §® ¬¨.

�«¥ªâà® ï á¯¥ªâà®áª®¯¨ï ï¢«ï¥âáï ®¤®© ¨§ á -
¬ëå ¨ä®à¬ â¨¢ëå íªá¯¥à¨¬¥â «ìëå ¬¥â®¤¨ª,
¯à¨¬¥ï¥¬ëå ¤«ï ¨áá«¥¤®¢ ¨ï ¯«®â®áâ¥© ¢ «¥â-
ëå í«¥ªâà®ëå á®áâ®ï¨© ¯®¢¥àå®áâ¨ â¢¥à¤ëå

â¥«. �ãâì ¬¥â®¤  ä®â®í«¥ªâà®®© á¯¥ªâà®áª®¯¨¨

(PES), ¨§ãç îé¥© § ïâë¥ á®áâ®ï¨ï, § ª«îç ¥âáï
¢ â®¬, çâ® ®¡à §¥æ ®¡«ãç ¥âáï ¬®®åà®¬ â¨ç¥áª¨¬

ã«ìâà ä¨®«¥â®¢ë¬ ¨«¨ à¥â£¥®¢áª¨¬ ¨§«ãç¥¨¥¬,
ª®â®à®¥ ¨®¨§ã¥â ¢ «¥âãî ®¡®«®çªã, ¢ë¡¨¢ ï ¨§

¥¥ ä®â®í«¥ªâà®ë, ª¨¥â¨ç¥áª ï í¥à£¨ï ª®â®àëå

§ â¥¬ ¨§¬¥àï¥âáï ¢ å®¤¥ íªá¯¥à¨¬¥â . �â®â ¬¥â®¤

ï¢«ï¥âáï çã¢áâ¢¨â¥«ìë¬ ª ®á®¡¥®áâï¬ í«¥ªâà®-
®© áâàãªâãàë ¯®¢¥àå®áâ¨, â ª ª ª ä¨ªá¨àã¥¬ë¥

ä®â®í«¥ªâà®ë ¯à¨ ¤«¥¦ â ª ¯à¨¯®¢¥àå®áâë¬

 â®¬ë¬ á«®ï¬.

� ª âë¥ í«¥ªâà®ë¥ á®áâ®ï¨ï ¨§ãç îâáï ¬¥-
â®¤®¬ ®¡à é¥®© ä®â®í¬¨áá¨¨ (IPES). � íâ®¬ á«ã-
ç ¥ ®¡à §¥æ ®¡«ãç ¥âáï ¬®®åà®¬ â¨ç¥áª¨¬ ¯ãçª®¬

í«¥ªâà®®¢, ª®â®àë¥ á ¤ïâáï   ¢ ª âë¥ í«¥ªâà®-
ë¥ á®áâ®ï¨ï á ¨§«ãç¥¨¥¬ í«¥ªâà®¬ £¨âëå ª¢ -
â®¢, à¥£¨áâà¨àã¥¬ëå ¢ å®¤¥ íªá¯¥à¨¬¥â . �«ã¡¨ 
¯à®¨ª®¢¥¨ï ¢®§¡ã¦¤ îé¥£® í«¥ªâà®®£® ¯ãçª 

â ª¦¥ ¥¢¥«¨ª , ¯®íâ®¬ã IPES-á¯¥ªâàë ¥áãâ ¨-
ä®à¬ æ¨î ¯à¥¦¤¥ ¢á¥£® ®¡ í«¥ªâà®®© áâàãªâãà¥

¯à¨¯®¢¥àå®áâëå á«®¥¢.

� á«ãç ¥ ¥á«¨ í«¥ªâà® ï áâàãªâãà  ¯®¢¥àå®áâ¨

¨áá«¥¤ã¥¬®£® ®¡ê¥ªâ  ¨¬¥¥â § ¯à¥é¥ãî é¥«ì, â®
¬¥¦¤ã ä®â®í«¥ªâà®ë¬ á¯¥ªâà®¬ ¨ á¯¥ªâà®¬ ®¡à -
é¥®© ä®â®í¬¨áá¨¨, ¯®áâà®¥ë¬¨ ¢ ®¤®© í¥à-
£¥â¨ç¥áª®© èª «¥, ¤®«¦®  ¡«î¤ âìáï í¥à£¥â¨ç¥-
áª®¥ à áé¥¯«¥¨¥.

� à ªâ¥à®© ®á®¡¥®áâìî í«¥ªâà®®© áâàãªâãàë

¬¥¤ìá®¤¥à¦ é¨å ����-¬ â¥à¨ «®¢ ï¢«ï¥âáï  «¨-
ç¨¥ § ¯à¥é¥®© é¥«¨. � ¨¡®«¥¥ ¥áâ¥áâ¢¥® íâ®â

íää¥ªâ ®¯¨áë¢ ¥âáï ¢ ¬®¤¥«ïå â¨¯  �¤¥àá®  ¨

� ¡¡ à¤  [1–3]. �¤ ª® à áé¥¯«¥¨¥ ¬¥¦¤ã íªá¯¥à¨-
¬¥â «ìë¬¨ í«¥ªâà®ë¬¨ á¯¥ªâà ¬¨ ¯®¢¥àå®áâ¨

La2CuO4  áâ®«ìª® á« ¡® ¢ëà ¦¥®, çâ® ¢ ¯à¨-
æ¨¯¥ ¬®¦¥â ¨â¥à¯à¥â¨à®¢ âìáï ¨ ª ª ®âáãâáâ¢¨¥

¤¨í«¥ªâà¨ç¥áª®© é¥«¨ (á¬.,  ¯à¨¬¥à, [4]). � ª,
  à¨áãª¥ ¯à¥¤áâ ¢«¥ë â¨¯¨çë¥ íªá¯¥à¨¬¥â «ì-
ë¥ [4] ä®â®í«¥ªâà®ë© á¯¥ªâà ¨ á¯¥ªâà ®¡à é¥®©
ä®â®í¬¨áá¨¨ La2CuO4. �  íâ®¬ à¨áãª¥ ®âáãâáâ¢ã¥â

ï¢® ¢ëà ¦¥ ï ¤¨í«¥ªâà¨ç¥áª ï é¥«ì.
� ¬®£®í«¥ªâà®®¬ ¯®¤å®¤¥ £ ¬¨«ìâ®¨  ¬®-

£®§®®© p−d-¬®¤¥«¨, ®¯¨áë¢ îé¨© ¢ «¥âë¥ á®-
áâ®ï¨ï ¬¥¤¨ ¨ ª¨á«®à®¤ , ¬®¦¥â ¡ëâì § ¯¨á  ¢

¤ëà®ç®¬ ¯à¥¤áâ ¢«¥¨¨ [1–3]
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Hd =
∑
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£¤¥ εpα ¨ εdλ — ®¤®ç áâ¨çë¥ í¥à£¨¨ p- ¨ d-¤ëà®ç-
ëå ®à¡¨â «¥© α ¨ λ á®®â¢¥âáâ¢¥®, Up, Ud, Vp, Vd —
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�ªá¯¥à¨¬¥â «ìë¥ [4] ä®â®í«¥ªâà®ë© á¯¥ªâà, ¨§¬¥¥ë© ¯à¨ hν = 40.8 eV, ¨ á¯¥ªâà ®¡à é¥®© ä®â®í¬¨áá¨¨,
¨§¬¥à¥ë© ¯à¨ hν = 9.5 eV, á®¥¤¨¥¨ï La2CuO4. �¡  á¯¥ªâà  ®à¬ «¨§®¢ ë ¯® ¨â¥á¨¢®áâ¨   ãà®¢¥ �¥à¬¨

(á¬. ¢áâ ¢ªã 10× 10).

¬ âà¨çë¥ í«¥¬¥âë ¬¥¦ â®¬®£® ªã«®®¢áª®£® ®â-
â «ª¨¢ ¨ï   ®¤¨å ¨ â¥å ¦¥ ¨ à §«¨çëå ®à¡¨â «ïå

ª¨á«®à®¤  ¨ ¬¥¤¨, Jp, Jd — ®¡¬¥ë¥ åã¤®¢áª¨¥

¨â¥£à «ë    â®¬ å ª¨á«®à®¤  ¨ ¬¥¤¨, Tλα ¨ tλα —
¬ âà¨çë¥ í«¥¬¥âë p−d- ¨ p−p-¯¥à¥áª®ª®¢ ¬¥¦¤ã
¡«¨¦ ©è¨¬¨ á®á¥¤ï¬¨, Vλα ¨ Jλα — ¬ âà¨çë¥ í«¥-
¬¥âë ªã«®®¢áª®£® ¨ ®¡¬¥®£® ¢§ ¨¬®¤¥©áâ¢¨© ¬¥-
¦¤ã ¡«¨¦ ©è¨¬¨ á®á¥¤ï¬¨ ¬¥¤ì–ª¨á«®à®¤, µ — å¨-
¬¨ç¥áª¨© ¯®â¥æ¨ «, ¢ëç¨á«ï¥¬ë© á ¬®á®£« á®¢ ®
¨  å®¤ïé¨©áï ¢ãâà¨ ¤¨í«¥ªâà¨ç¥áª®© é¥«¨ ¤«ï

¥¤®¯¨à®¢ ®© á¨áâ¥¬ë. �ë ãç¨âë¢ «¨ dx2−y2- ¨

dz2 -®à¡¨â «¨ ¬¥¤¨,   â ª¦¥ px- ¨ py-®à¡¨â «¨ ¤«ï ¢á¥å

 â®¬®¢ ª¨á«®à®¤ . �¥à£¨ï Dx2−y2 -®à¡¨â «¨ ¢ë¡¨à -
« áì à ¢®© εd, â®£¤  ª ª í¥à£¨ï dz2-®à¡¨â «¨ —
à ¢®© εd + ∆d. �¥à£¨ï px,y-®à¡¨â «¥© áç¨â « áì

à ¢®© εp.

� à ¬¥âàë £ ¬¨«ìâ®¨   (1) ¬ë à áá¬ âà¨¢ «¨

ª ª í¬¯¨à¨ç¥áª¨¥, ®¨ ¡ë«¨ ®¯à¥¤¥«¥ë ¯à¨ á®¯®áâ -
¢«¥¨¨ í«¥ªâà®®© áâàãªâãàë ®á®¢®£® á®áâ®ï¨ï

La2CuO4 á ®¯â¨ç¥áª¨¬¨ ¨ ¬ £¨âë¬¨ ¤ ë¬¨ [5]:
Up = Ud = ∞, Vp = 3 eV ¨ Vd = 4.5 eV;
Jp = Jd = 0.5 eV, Tλα1.5 eV ¨ tλα = 0.2 eV,
Vλα = 0.6 eV ¨ Jλα = 0.2 eV, εd = 0, ∆d = 1.5 eV,

εp = 2 eV.

�¥à£¨¨ ¨ ¢¥á  ª®ä¨£ãà æ¨¨© ®¯à¥¤¥«ï«¨áì ¬¥â®-
¤®¬ â®ç®© ¤¨ £® «¨§ æ¨¨ CuO4-ª« áâ¥à  á ®¤®©

¨«¨ ¤¢ã¬ï ¢ ª á¨ï¬¨. �®¡áâ¢¥ë¥ á®áâ®ï¨ï ¢

®¤®¤ëà®ç®¬ á¥ªâ®à¥ (ä®à¬ «ì® Cud9-á®áâ®ï¨¥)
¢á¥£¤  ï¢«ïîâáï á¬¥áìî ª®ä¨£ãà æ¨© d9 ¨ d10L,
  ¢ ¤¢ãå¤ëà®ç®¬ (ä®à¬ «ì® Cud8-á®áâ®ï¨¥) —
d8, d9L ¨ d10LL. �®«¥¥ ¯®¤à®¡® ¬®£®§® ï

p−d-¬®¤¥«ì, ¢ª«îç ï ®¯¨á ¨¥ ¬¥â®¤  â®ç®© ¤¨ £®-
 «¨§ æ¨¨ ª« áâ¥à  ¢ ª®ä¨£ãà æ¨¨ Cud9, ®¯¨á  

¢ [5].

� ¯à¨¡«¨¦¥¨¨ ¢¥§ ¯®£® ¢®§¬ãé¥¨ï [6] ¢®«®-
¢ ï äãªæ¨ï  ç «ì®£® á®áâ®ï¨ï, ãç áâ¢ãîé¥£®

¢ ®¡à §®¢ ¨¨ í«¥ªâà®®£® á¯¥ªâà , ¬®¦¥â ¡ëâì

§ ¯¨á   ¢ ¢¨¤¥

Ψin = ϕkvΨ
(pd)
in,0 (nh), (2)

  ¢®«®¢ ï äãªæ¨ï ª®¥ç®£® á®áâ®ï¨ï — ¢ ¢¨¤¥

Ψf = ϕhvΨ
(pd)
f,m (nh ± 1), (3)

£¤¥ Ψ
(pd)
in,0 (nh) — ¢®«®¢ ï äãªæ¨ï ®á®¢®£® á®áâ®ï-

¨ï á¨áâ¥¬ë ¢ «¥âëå í«¥ªâà®®¢ ¬¥¤¨ ¨ ª¨á«®à®¤ 

á í¥à£¨¥© E
(pd)
in,0 , ®¯¨áë¢ ¥¬ëå £ ¬¨«ìâ®¨ ®¬ (1) ¨

ç¨á«®¬ § ¯®«¥¨ï nh d-®¡®«®çª¨ ¬¥¤¨ ¢ ®á®¢®¬

á®áâ®ï¨¨, ª®â®à®¥ à ¢® ¤¥¢ïâ¨ ª ª ¤«ï ä®â®í«¥ª-
âà®®£® á¯¥ªâà , â ª ¨ ¤«ï á¯¥ªâà  ®¡à é¥®© ä®-
â®í¬¨áá¨¨, ϕkν — ®¤®í«¥ªâà® ï ¢®«®¢ ï äãªæ¨ï

§  ¯®à®£®¬ ¨®¨§ æ¨¨, k — ç¨á«® § ¯®«¥¨ï íâ®£®

á®áâ®ï¨ï ¤® ¢§ ¨¬®¤¥©áâ¢¨ï í«¥ªâà®®© á¨áâ¥¬ë

á ¢®§¡ã¦¤ îé¨¬ ¨§«ãç¥¨¥¬, à ¢®¥ ã«î ¤«ï ä®-
â®í«¥ªâà®®£® á¯¥ªâà  ¨ ¥¤¨¨æ¥ ¤«ï á¯¥ªâà  ®¡à -

é¥®© ä®â®í¬¨áá¨¨, Ψ
(pd)
f,m (nh±1) — ¢®«®¢ ï äãª-

æ¨ï â¥à¬  á ®¬¥à®¬ m á¨áâ¥¬ë p- ¨ d-í«¥ªâà®®¢ ¢

ª®¥ç®¬ á®áâ®ï¨¨ á í¥à£¨¥© E
(pd)
f,m (nh ± 1), ¨¤¥ªá

m ¯à®¡¥£ ¥â ¢á¥ ¢®§¬®¦ë¥ á®áâ®ï¨ï £ ¬¨«ìâ®¨  

(1) á ¨§¬¥¥ë¬ ¢ ¯à®æ¥áá¥ íªá¯¥à¨¬¥â  ª®«¨-
ç¥áâ¢®¬ ®á¨â¥«¥©, (nh ± 1) — ç¨á«® § ¯®«¥¨ï

d-®à¡¨â «¨ ¬¥¤¨ ¯®á«¥ ¢¥è¥£® ¢®§¤¥©áâ¢¨ï, à ¢®¥
¢®áì¬¨ ¤«ï ä®â®í«¥ªâà®®£® á¯¥ªâà  ¤¥áïâ¨ ¤«ï

á¯¥ªâà  ®¡à é¥®© ä®â®í¬¨áá¨¨, h — ç¨á«® § ¯®«-
¥¨ï § ¯®à®£®¢®£® á®áâ®ï¨ï ¯®á«¥ ¢¥è¥£® ¢®§¤¥©-
áâ¢¨ï, à ¢®¥ ¥¤¨¨æ¥ ¤«ï ä®â®í«¥ªâà®®£® á¯¥ªâà 
¨ ã«î ¤«ï á¯¥ªâà  ®¡à é¥®© ä®â®í¬¨áá¨¨.
�à®æ¥áá ®¡à §®¢ ¨ï ä®â®í«¥ªâà®®£® á¯¥ªâà 

®¯¨áë¢ ¥âáï £ ¬¨«ìâ®¨ ®¬

HPES
x−ray =

∑
k

rkd
+lk, (4a)

£¤¥ rk = |〈ϕi|er|ϕv〉|2 — ®¤®í«¥ªâà®ë© ¤¨¯®«ìë©

¬ âà¨çë© í«¥¬¥â ¯¥à¥å®¤  í«¥ªâà®  ¨§ ¢ «¥â-
®© ®¤®í«¥ªâà®®© ®à¡¨âë ¢ ®¡« áâì ¥¯à¥àë¢®£®
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á¯¥ªâà , d+ — ®¯¥à â®à à®¦¤¥¨ï ¤ëàª¨ ¢ ¢ «¥â-
®© ®¡®«®çª¥, lk — ®¯¥à â®à ã¨çâ®¦¥¨ï ¤ëàª¨ ¢

¥¯à¥àë¢®© ®¡« áâ¨.
�à®æ¥áá ®¡à §®¢ ¨ï á¯¥ªâà  ®¡à é¥®© ä®â®-

í¬¨áá¨¨ ®¯¨áë¢ ¥âáï £ ¬¨«ìâ®¨ ®¬

HIPES
x−ray =

∑
k

rkdl
+
k , (4b)

£¤¥ rk, d ¨ l+ ¨¬¥îâ â®â ¦¥ á¬ëá«, çâ® ¨ ¢ ä®à¬ã-
«¥ (4 ).
�®£¤  ¢¥à®ïâ®áâì í«¥ªâà®®£® ¯¥à¥å®¤  ¤«ï ä®-

â®í«¥ªâà®®£® á¯¥ªâà  ¡ã¤¥â à ¢ 

WPES
m = |〈Ψin|er|Ψ

(m)
f 〉|

2 = |〈ϕi|er|ϕv〉|
2

×
∣∣∣〈Ψ(pd)

in,0 (nh)|d+|Ψ(pd)
f,m (nh − 1)〉

∣∣∣2 , (5a)

  ¤«ï á¯¥ªâà  ®¡à é¥®© ä®â®í¬¨áá¨¨

W IPES
m = |〈Ψin|er|Ψ(m)

f 〉|
2 = |〈ϕi|er|ϕv〉|

2

×
∣∣∣〈Ψ(pd)

in,0 (nh)|d|Ψ(pd)
f,m (nh + 1)〉

∣∣∣2 . (5b)

�¤®í«¥ªâà®ë© ª®âãà, ®¯à¥¤¥«ï¥¬ë© ç«¥®¬

|〈ϕi|ef |ϕv〉|2, ¬®¦® à ááç¨âë¢ âì «î¡ë¬ ¥í¬¯¨à¨-
ç¥áª¨¬ ª¢ â®¢®-å¨¬¨ç¥áª¨¬ ¬¥â®¤®¬ [6], à áá¬®âà¥-
¨¥ ¥£® ¥ ¢å®¤¨â ¢ § ¤ çã  áâ®ïé¥© à ¡®âë.
�¥à£¨¨  ç «ì®£® ¨ ª®¥ç®£® á®áâ®ï¨© à ¢ë

Ein = kεv +E
(pd)
in,0 , Ef,m = hεv +E

(pd)
f,m (nh ± 1), (6)

  í¥à£¨ï ¯¥à¥å®¤®¢ ¥áâì

~ω = (h−k)εv+∆Em, ∆Em = Epdf,m(nh±1)−E(pd)
in,0 . (7)

� á«ãç ¥ ¯®«ã¯ãáâ®© ¢¥àå¥© §®ë ®¤®í«¥ªâà®-
 ï ç áâì í¥à£¨¨ ¤«ï PES ¨ IPES ®â«¨ç ¥âáï â®«ìª®
§ ª®¬ ¨ á®®â¢¥âáâ¢ã¥â ¨«¨ ¯®£«®é¥¨î í«¥ªâà®¬ £-
¨â®£® ª¢ â  (PES), ¨«¨ ¥£® ¨á¯ãáª ¨î (IPES).
�â®á¨â¥«ì®¥ í¥à£¥â¨ç¥áª®¥ á¬¥é¥¨¥ ®¤®í«¥ª-
âà®ëå ª®âãà®¢ íâ¨å á¯¥ªâà®¢   ¥¤¨®© í¥à£¥-
â¨ç¥áª®© èª «¥ ¡ã¤¥â ®¯à¥¤¥«ïâìáï â®«ìª® ¯®«ãç ¥-
¬ë¬¨ ¯® ä®à¬ã«¥ (6) ¢¥«¨ç¨ ¬¨ ∆EPES

m (§ ª −)
¨ ∆EIPES

m (§ ª +). �¥®¡å®¤¨¬®  ¯®¬¨âì, çâ®

 ç «ì®¥ á®áâ®ï¨¥ La2CuO4 ¤«ï ®¡®¨å á¯¥ªâà®¢

®¤® ¨ â® ¦¥ — Cud9, â®£¤  ª ª ª®¥çë¥ á®áâ®ï¨ï
à §ë¥: ¤«ï PES-¯à®æ¥áá  — Cud8,   ¤«ï IPES —
Cud10.
�  è¨å ¬®£®í«¥ªâà®ëå à áç¥â å í¥à£¨ï

®á®¢®£® ®¤®¤ëà®ç®£® Cud9-á®áâ®ï¨ï à ¢ 

−2.03 eV, Cud8-á®áâ®ï¨ï — (−0.93 eV),   ¤«ï

Cud10-á®áâ®ï¨ï ® , ¯® ®¯à¥¤¥«¥¨î, à ¢  ã«î.
� ª¨¬ ®¡à §®¬, ¢ á®®â¢¥âáâ¢¨¨ á (7) shake–down-
¯à®æ¥áá á¬¥é ¥â ª®âãà ä®â®í«¥ªâà®®£® á¯¥ªâà 

¯à¨¬¥à®   1 eV ¢¨§ ¯® èª «¥ í¥à£¨¨, çâ®

å®à®è® á®£« áã¥âáï á àï¤®¬ ¨§¢¥áâëå à ¡®â (á¬.,  
¯à¨¬¥à, [7,8]),   ª®âãà IPES —   2 eV.

� à®¤áâ¢¥®¬ La2CuO4 á®¥¤¨¥¨¨ — ®ªá¨¤¥ CuO,
¢¥«¨ç¨  é¥«¨ à ¢  1.4 eV [9]. �¯¥ªâà ®¡à é¥®©
ä®â®í¬¨áá¨¨ ¯à®¢¥àå®áâ¨ La2CuO4 á¬¥é¥ ®â®á¨-
â¥«ì® ä®â®í«¥ªâà®®£® á¯¥ªâà    1 eV ¢¨§, çâ®
¨ ¯à¨¢®¤¨â ª § ¯«ë¢ ¨î é¥«¨ ¬¥¦¤ã ¨¬¨. �«¥-
¤®¢ â¥«ì®, § ¯«ë¢ ¨¥ í¥à£¥â¨ç¥áª®© é¥«¨ ¬¥¦¤ã
ä®â®í«¥ªâà®ë¬ á¯¥ªâà®¬ ¨ á¯¥ªâà®¬ ®¡à é¥®©

ä®â®í¬¨áá¨¨ ¯®¢¥àå®áâ¨ La2CuO4 â ª¦¥ ®¯à¥¤¥«ï-
¥âáï íää¥ªâ ¬¨ á¨«ìëå í«¥ªâà®ëå ª®àà¥«ïæ¨©.

�¢â®àë ¡« £®¤ àïâ � ãçë© á®¢¥â ¯® ¯à®¡«¥¬¥

���� §  ¯®¤¤¥à¦ªã ¢ à ¬ª å ¯à®¥ªâ  95027 �®áã¤ à-
áâ¢¥®© ¯à®£à ¬¬ë ”�ëá®ª®â¥¬¯¥à âãà ï á¢¥àå-
¯à®¢®¤¨¬®áâì” ¨ �à á®ïàáª¨© ªà ¥¢®© ä®¤  ãª¨

(£à â ò 5F0009).
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