
=h^h\hc hlq_l BgklblmlZ y^_jghc nbabdb bf� =�B� ;m^d_jZ KH J:G
<Z`g_crb_ gZmqgu_ j_amevlZlu aZ ���� ]h^

Hkgh\ghc p_evx BgklblmlZ y\ey_lky ijh\_^_gb_ nmg^Zf_glZevguo b
ijbdeZ^guo gZmqguo bkke_^h\Zgbc ih l_fZf�

• nbabdZ \ukhdbo wg_j]bc�

• jZa\blb_ f_lh^Z \klj_qguo we_dljhg � ihabljhgguo imqdh\�

• nbabdZ ieZafu b mijZ\ey_fuc l_jfhy^_jguc kbgl_a�

• kbgojhljhggh_ baemq_gb_ b eZa_ju gZ k\h[h^guo we_dljhgZo�

Djhf_ lh]h� Bgklblml jZajZ[Zlu\Z_l b ba]hlh\ey_l ijhfure_ggu_
mkdhjbl_eb� g_dhlhju_ \b^u f_^bpbgkdhc l_ogbdb b \ukhdhl_ogheh]bqgu_
we_f_glu gZmqgh ± bkke_^h\Zl_evkdh]h h[hjm^h\Zgby ^ey jhkkbckdbo b
aZjm[_`guo eZ[hjZlhjbc b gZmqguo p_gljh\�

<k_ \_^msb_ky \ Bgklblml_ jZ[hlu \uihegyxlky \ jZfdZo ml\_j`^_gguo
ieZgh\ GBJ� ]hkm^Zjkl\_gguo ijh]jZff� ]jZglh\ hl_q_kl\_gguo b
f_`^mgZjh^guo nhg^h\� ijh_dlh\� nbgZgkbjm_fuo KH J:G� b ^h]h\hjh\ kh
klhjhggbfb gZmqgufb hj]ZgbaZpbyfb�



NBABD: <UKHDBO WG?J=BC�

Wdki_jbf_glu�

Bamq_gb_ ijhp_kkZ e+e- →→ ππ+ππ- \ wdki_jbf_glZo gZ <WII��F

< ���� ]h^m aZdhgq_g ZgZeba wdki_jbf_glZevguo ^Zgguo ih baf_j_gbx

k_q_gby e+e- → π+π-  \ h[eZklb wg_j]bc \ kbkl_f_ p_gljZ fZkk hl ��� ^h ����
Fw<� Cbkl_fZlbq_kdZy hrb[dZ k_q_gby g_ ij_\urZ_l ����� qlh \ g_kdhevdh
jZa emqr_� q_f kbkl_fZlbq_kdZy g_hij_^_e_gghklv ij_^u^msbo
wdki_jbf_glh\� AgZqbl_evgh memqr_gZ lhqghklv l_hj_lbq_kdh]h jZkq_lZ
\deZ^Z Z^jhgghc iheyjbaZpbb \ZdmmfZ \ ZghfZevguc fZ]gblguc fhf_gl
fxhgZ� qlh hkh[_ggh ZdlmZevgh \ k\yab k gh\ufb lhqgufb baf_j_gbyfb wlh]h
iZjZf_ljZ \ kh\f_klghf wdki_jbf_gl_ ;jmdowc\_gkdhc GZpbhgZevghc
eZ[hjZlhjbb KR: b BYN bf� ;m^d_jZ KH J:G� K lhqghklvx� ij_\urZxs_c

kj_^g_fbjh\mx� hij_^_e_gu iZjZf_lju ρ�f_ahgZ

Jbk�� D\Z^jZl nhjfnZdlhjZ ibhgZ \ aZ\bkbfhklb hl wg_j]bb \ kbkl_f_

p_gljZ fZkk imqdh\� GZ \klZ\d_ hl^_evgh ihdZaZgZ h[eZklv ρ - ω
bgl_jn_j_gpbb�



GZ[ex^_gb_ kljmdlmju \ k_q_gbb ijhp_kkZ jh`^_gby lj_o ibhgh\ k
^_l_dlhjhf KG> \ wdki_jbf_glZo gZ <WII��F

< h[eZklb wg_j]bb \ur_ Φ - f_ahgZ bamqZeky ijhp_kk e+e-�Zggb]beypbb \ ljb

π � f_ahgZ� ;ueh aZj_]bkljbjh\Zgh hdheh �� luk� Kh[ulbc� khhl\_lkl\mxsbo
wlhfm ijhp_kkm� < wg_j]_lbq_kdhc aZ\bkbfhklb k_q_gby ijhp_kkZ [ue gZc^_g

rbjhdbc ibd ijb wg_j]bb �( ∼ 1200 Fw<� qlh y\ey_lky� \hafh`gh� i_j\uf
ijhy\e_gb_f gh\h]h bahkdZeyjgh]h j_ahgZgkZ ω(1200).

Jbk�� AZ\bkbfhklv k_q_gby ijhp_kkZ jh`^_gby lj_o π � f_ahgh\ hl wg_j]bb�

GZ[ex^Z_lky rbjhdbc ibd \ h[eZklb wg_j]bb �( ∼ 1200 Fw<� Jhkl k_q_gby
ijb fZeuo wg_j]byo h[mkeh\e_g \deZ^hf Φ - f_ahgZ

Bamq_gb_ ijhp_kkh\ -ΦΦ →→ ππ+ππ- γγ   b -ΦΦ →→ ππ0ππ0 γγ  \ wdki_jbf_glZo gZ <WII��F

GZ hkgh\_ gZ[jZggh]h \ wdki_jbf_gl_ bgl_]jZeZ k\_lbfhklb \ �� h[jZlguo

ibdh[Zjg� khhl\_lkl\mxs_]h ��•106
jZkiZ^h\ Φ- f_ahgZ� \i_j\u_ gZ[ex^Zeky

ijhp_kk Φ → π+π- γ � Kh\f_klguc ZgZeba aZjy`_gghc b g_cljZevghc fh^ \

jZkiZ^Zo
-Φ → ππ γ ijh^_fhgkljbjh\Ze� qlh fh^_ev k ijhf_`mlhqguf

khklhygb_f I0����� ohjhrh hibku\Z_l wdki_jbf_glZevgu_ ^Zggu_� ;hevrZy

\_ebqbgZ hlghkbl_evghc \_jhylghklb jZkiZ^Z Φ → f0(980) γ, jZ\gZy  (2.90 ±
0.21 ± 0.65) •10-4 � kh]eZkm_lky k ij_^kdZaZgbyfb l_hj_lbq_kdbo fh^_e_c� \
dhlhjuo ij_^iheZ]Z_lky� qlh I0(980)- f_ahg ihkljh_g ba q_luj_o d\Zjdh\�



>bgZfbdZ ijhp_kkZ e+e- →→ 44ππ

< wdki_jbf_glZo k ^_l_dlhjhf DF>�� \i_j\u_ ihdZaZgh� qlh hkgh\ghc \deZ^ \

k_q_gb_ ijhp_kkZ e+e- → π+π- 2π0  ^Zxl ijhf_`mlhqgu_ khklhygby a1(1260)π b
ωπ0, \ lh \j_fy dZd k_q_gb_ ijhp_kkZ e+e- → 2π+2π-   iheghklvx hibku\Z_lky

ijhf_`mlhqguf khklhygb_f a1(1260)π.
GZ hkgh\_ ijh^_eZggh]h ZgZebaZ ij_^eh`_gZ fh^_ev jZkiZ^h\ τ--  → 2π- π+π0νT

 ,
ohjhrh hibku\ZxsZy bf_xsb_ky ^Zggu_.

Kha^Zgb_ Zwjh]_e_\h]h q_j_gdh\kdh]h kq_lqbdZ

Kh\f_klgufb mkbebyfb BgklblmlZ y^_jghc nbabdb b BgklblmlZ dZlZebaZ
jZajZ[hlZgu Zwjh]_e_\u_ q_j_gdh\kdb_ kq_lqbdb� Ijh\_^_gu ijyfu_
kjZ\g_gby hilbq_kdbo k\hckl\ Zwjh]_e_c� ijhba\h^bfuo \ Gh\hkb[bjkd_ b \
yihgkdhf Bgklblml_ nbabdb \ukhdbo wg_j]bc D?D� M gh\hkb[bjkdh]h Zwjh]_ey
^ebgZ ih]ehs_gby k\_lZ gZ ihjy^hd [hevr_� q_f m Zwjh]_ey ba D?D�
J_Zebah\Zg f_lh^ k[hjZ q_j_gdh\kdbo nhlhgh\ k ihfhsvx kf_kbl_ey

hilbq_kdh]h ki_dljZ� < ���� ]h^m ijh\_^_gu bkiulZgby j_Zevguo kq_lqbdh\�
dhlhju_ [m^ml jZ[hlZlv \ ^_l_dlhj_ D?>J� BkiulZgby ihdZaZeb� qlh ^Zgguc
f_lh^ ih kjZ\g_gbx k f_lh^hf ijyfh]h k[hjZ k\_lZ gZ NWM iha\hey_l gZ
ihjy^hd mf_gvrblv qbkeh NWM� Wlh hagZqZ_l kms_kl\_ggh_ m^_r_\e_gb_
kbkl_fu kq_lqbdh\ b mf_gvr_gb_ dhebq_kl\Z fZl_jbZeZ gZ imlb qZklbp�

We_dljhfZ]gblgZy kljmdlmjZ ^_cljhgZ

Kha^Zg gh\uc bklhqgbd iheyjbah\Zgguo Zlhfh\ ^_cl_jby� h[eZ^Zxsbc
j_dhj^ghc bgl_gkb\ghklvx� K fZjlZ ���� ]h^Z hg bkihevam_lky gZ gZdhibl_e_
<WII��� ]^_ ijh\h^blky wdki_jbf_gl ih baf_j_gbx Zkbff_ljbb \ ijhp_kk_
mijm]h]h jZkk_ygby we_dljhgh\ gZ iheyjbah\Zgghc ^_cl_jb_\hc \gmlj_gg_c
fbr_gb� < j_amevlZl_ k\_lbfhklv m\_ebq_gZ [he__ q_f \ �� jZa ih kjZ\g_gbx
k ij_^u^msbfb baf_j_gbyfb� < wlhf \Z`ghf ^ey y^_jghc nbabdb
wdki_jbf_gl_ ih bamq_gbx we_dljhfZ]gblghc kljmdlmju ijhkl_cr_c y^_jghc
kbkl_fu � ^_cljhgZ � mqZkl\mxl lZd`_ BYN L=IM �Lhfkd�� IBYN �=ZlqbgZ��
GBDO?N �:fkl_j^Zf�� :GE �:j]hggZ� KR:��



L_hjby�

<uqbke_gby ZgZihevguo fhf_glh\ y^_j

    :gZihevguc fhf_gl y^jZ � klZlbq_kdZy oZjZdl_jbklbdZ� ihjh`^Z_fZy
we_dljbq_kdbf lhdhf lhjhb^Zevghc dhgnb]mjZpbb� < hlebqb_ hl ^jm]bo
we_dljh� fZ]gblguo fhf_glh\� _]h fZ]gblgh_ ihe_ hlebqgh hl gmey lhevdh
\gmljb y^jZ� ihwlhfm \aZbfh^_ckl\b_ we_dljhgh\ k ZgZihevguf fhf_glhf
dhglZdlgh_� GZebqb_ klZlbq_kdh]h ZgZihevgh]h fhf_glZ ijyfh k\yaZgh k
kms_kl\h\Zgb_f g_ khojZgyxs_]h q_lghklv \aZbfh^_ckl\by f_`^m gmdehgZfb�
lZd dZd ZgZihevguc fhf_gl � 3�g_q_lguc hi_jZlhj� _keb q_lghklv khojZgy_lky�
_]h kj_^g__ agZq_gb_ jZ\gh gmex� Ih wlhc ijbqbg_ baf_j_gb_ ZgZihevgh]h
fhf_glZ ^Z_l g_aZ\bkbfmx bgnhjfZpbx h 3�g_q_lguo y^_jguo kbeZo�
I_j\h_ g_gme_\h_ baf_j_gb_ ZgZihevgh]h fhf_glZ� ijh\_^_ggh_ \ ;hme^_j_�
DhehjZ^h � ]h^Z gZaZ^� ihklZ\beh \hijhk� gZkdhevdh ohjhrh fh`gh
l_hj_lbq_kdb jZkkqblZlv \_ebqbgm ZgZihevgh]h fhf_glZ� Ihkdhevdm kibgu
gmdehgh\ hklh\Z \ y^j_ kdeZ^u\Zxlky \ ghev� lh hkgh\ghc \deZ^ \ ZgZihevguc
fhf_gl y^jZ ^Z_l g_q_lguc \g_rgbc gmdehg� H^gZdh� ba�aZ \aZbfh^_ckl\by
g_q_lgh]h gmdehgZ k hklZevgufb qZklbpZfb� ijb\h^ys_]h d iheyjbaZpbb
q_lgh]h hklh\Z� \hagbdZ_l kms_kl\_ggZy ihijZ\dZ d ZgZihevghfm fhf_glm�
Hkgh\gZy ijh[e_fZ ^ey lZdbo jZkq_lh\ �� g_h[oh^bfhklv mq_klv [hevrh_
qbkeh [Zabkguo khklhygbc� GZklhysZy jZ[hlZ g_ bf__l ZgZeh]h\ \ hlghr_gbb
mq_lZ jZaebqguo fgh]hqZklbqguo wnn_dlh\� < jZ[hl_ bkihevah\Zgh \k_
ijhkljZgkl\h h^ghqZklbqguo khklhygbc� \dexqZy g_ij_ju\guc ki_dlj� < g_c
[ueb jZkkfhlj_gu lZd`_ \deZ^u \ ZgZihevguc fhf_gl hl \aZbfh^_ckl\bc�
aZ\bkysbo hl kdhjhklb� ?s_ h^bg \Z`guc wnn_dl� dhlhjuc \i_j\u_ mql_g \
jZ[hl_� �� \ebygb_ kiZjb\Zgby gZ wnn_dlu iheyjbaZpbb� < wlhf ih^oh^_
[ue jZkkqblZg ZgZihevguc fhf_gl ^ey rbjhdh]h djm]Z y^_j�

Bklhqgbd d\ZabfhghojhfZlbq_kdbo O�emq_c� [Zabjmxsbcky gZ i_j_oh^ghf
baemq_gbb

JZkkfhlj_gh i_j_oh^gh_ baemq_gb_ �IB� mevljZj_eylb\bklkdbo qZklbp�
IhdZaZgh� qlh ijh\_^y dheebfZpbx i_j_oh^gh]h baemq_gby hl klhidb
i_jbh^bq_kdb jZkiheh`_gguo 1 ieZklbghd� fh`gh ihemqblv ki_dljZevgh_   
jZkij_^_e_gb_ IB \ nhjf_ ibdZ� iheh`_gb_ dhlhjh]h ω1 aZ\bkbl hl lhesbgu
ieZklbghd jZ^bZlhjZ b ieZaf_gghc qZklhlu \_s_kl\Z ieZklbgdb� gh g_ aZ\bkbl
hl wg_j]bb gZqZevgh]h we_dljhgZ� IZjZf_lju jZ^bZlhjZ ^he`gu [ulv \u[jZgu
gZ^e_`Zsbf h[jZahf, b hgb \ hij_^_e_gghf kfuke_ ijhlb\hiheh`gu l_f�
dhlhju_ bkihevamxlky ^_l_dlhjZo IB� <ukhlZ b rbjbgZ ibdZ aZ\bkyl hl m]eZ

dheebfZpbb θc� <ukhlZ ibdZ ijb ^Zgghf  θc ijhihjpbhgZevgZ 1� Ih^[bjZy
iZjZf_lju fh`gh kha^Zlv bklhqgbd O�emq_c k `_eZ_fhc wg_j]b_c b ^h\hevgh
ohjhr_c fhghojhfZlbqghklvx� Ij_^eZ]Zfuc jZ^bZlhj bf__l g_dhlhju_
h[sb_ q_jlu k hg^meylhjguf baemq_gb_f�

D\ZabdeZkkbq_kdZy nmgdpby =jbgZ \h \g_rg_f ihe_ b ijhp_kku jZkk_ygby gZ
fZeu_ m]eu

Ihemq_gh ij_^klZ\e_gb_ ^ey d\ZabdeZkkbq_kdbo nmgdpbc =jbgZ mjZ\g_gbc
>bjZdZ b De_cgZ�=hj^hgZ k mq_lhf i_j\hc g_bkq_aZxs_c ihijZ\db \
ijhba\hevghf ehdZebah\Zgghf ihl_gpbZe_� g_ h[eZ^Zxs_f� \hh[s_ ]h\hjy�
kn_jbq_kdhc kbff_ljb_c� K __ ihfhsvx gZc^_gh j_r_gb_ wlbo mjZ\g_gbc \
ijb[eb`_gbb� ZgZeh]bqghf ijb[eb`_gbx NZjjb�Ahff_jn_ev^Z�FZmw�
IhdZaZgh� qlh d\ZabdeZkkbq_kdZy nmgdpby =jbgZ g_ k\h^blky d nmgdpbb =jbgZ�



ihemq_gghc \ ijb[eb`_gbb wcdhgZeZ� b bf__l [he__ rbjhdmx h[eZklv
ijbf_gbfhklb� Wlh beexkljbjm_lky gZ ijbf_j_ \uqbke_gby Zfieblm^u
jZkk_ygby aZjy`_gghc qZklbpu gZ fZeu_ m]eu b Zfieblm^u ^_ev[jxdh\kdh]h
jZkk_ygby \i_j_^� >ey Zfieblm^u jZkk_ygby aZjy`_gghc qZklbpu \
ihl_gpbZe_� g_ h[eZ^Zxs_f kn_jbq_kdhc kbff_ljb_c� gZc^_gZ ihijZ\dZ�
ijhihjpbhgZevgZy m]em jZkk_ygby� Ihemq_gZ j_ZevgZy qZklv Zfieblm^u
^_ev[jxdh\kdh]h jZkk_ygby \i_j_^ \ wdjZgbjh\Zgghf dmehgh\kdhf
ihl_gpbZe_�



J:A<BLB? F?LH>: <KLJ?QGUO IMQDH<�

Ebg_cguc mkdhjbl_ev ^ey bg`_dpbhggh]h dhfie_dkZ <WII��

< ���� ]h^m kfhglbjh\ZgZ b \dexq_gZ \ jZ[hlm i_j\Zy hq_j_^v ebg_cgh]h
mkdhjbl_ey we_dljhgh\ bg`_dpbhggh]h dhfie_dkZ <WII�� gZ wg_j]bx
we_dljhgh\ ^h ��� Fw< b ijhba\h^bl_evghklvx ��12 we_dljhgh\ \ k_dmg^m� GZ
mkdhjyxs_c kljmdlmj_ ihemq_g ijh_dlguc l_fi mkdhj_gby ��� Fw<�f��
JZajZ[hlZgZ l_ogheh]by ba]hlh\e_gby fhsguo K<Q gZ]jmahd gZ bfimevkgmx
fhsghklv ^h ��� F<l b kj_^gxx fhsghklv ^h � d<l� Ijh\_^_gu mki_rgu_
bkiulZgby lZdhc gZ]jmadb� JZajZ[hlZg b ba]hlh\e_g g_jZajmrZxsbc
h^ghijhe_lguc ^Zlqbd ± baf_jbl_ev ijhnbey iehlghklb mkdhjy_fh]h k]mkldZ k
ibdhk_dmg^guf jZaj_r_gb_f�

Jbk� � � QZklv mkdhjyxs_c kljmdlmju ebg_cgh]h
mkdhjbl_ey i_j_^ iZcdhc \ Wdki_jbf_glZevghf

                ijhba\h^kl\_ BYN�

Dhfie_dk <WII�� ± <WII��F

GZ gZdhibl_e_ <WII�� djm]ehkmlhqgh \_^mlky wdki_jbf_glu fgh]hqbke_gguo
]jmii ba bgklblmlh\ KH J:G b jy^Z ^jm]bo hj]ZgbaZpbc gZ imqdZo
kbgojhljhggh]h baemq_gby� Z lZd`_ ijh^he`Z_lky k kms_kl\_ggh m\_ebq_gghc
k\_lbfhklvx wdki_jbf_gl �>?CLHG� � bamq_gb_ we_dljhfZ]gblguo k\hckl\
^_cljhgZ \ mijm]hf b g_mijm]hf jZkk_ygbb we_dljhgh\ gZ iheyjbah\Zgghc
\gmlj_gg_c ^_cljhgghc fbr_gb�

Dhfie_dk <WII��F

< ���� ]h^m gZdhibl_ev <WII��F ijh^he`Ze gZ[hj klZlbklbdb k ^_l_dlhjZfb

KG> b DF>�� \ ^bZiZahg_ wg_j]bc hl �×��� ^h �×700 Fw<�
H[jZ[hldZ jZg__ ihemq_gguo ^Zgguo k \ukhdhc ^hklh\_jghklvx ihdZaZeZ gZebqb_

p_eh]h jy^Z jZg__ g_ gZ[ex^Z\rboky Z^jhgguo j_ahgZgkh\ \ we_dljhg�ihabljhgguo
\aZbfh^_ckl\byo� D kh`Ze_gbx� djb\u_ \ha[m`^_gby wlbo j_ahgZgkh\ qZklbqgh e_`Zl \
h[eZklb wg_j]bc \ur_ <WII��F� ]^_ kmffZjguc bgl_]jZe k\_lbfhklb� gZdhie_gguc gZ \k_o
dheeZc^_jZo fbjZ� gZ ihjy^hd f_gvr_ gZ[jZggh]h gZ <WII��F \ _]h h[eZklb wg_j]bc � Wlh
h[klhyl_evkl\h g_ iha\hey_l hij_^_eblv iZjZf_lju gh\uo j_ahgZgkh\ k g_h[oh^bfhc

lhqghklvx� < lh `_ \j_fy agZgb_ Z^jhgguo k_q_gbc \ h[eZklb wg_j]bc ^h �×1000 Fw<
y\ey_lky j_rZxsbf ^ey emqr_]h ihgbfZgby fgh]bo y\e_gbc nbabdb \ukhdbo wg_j]bc�

< k\yab k wlbf \ Bgklblml_ jZajZ[hlZg nbabq_kdbc ijh_dl gZdhibl_ey <WII����� gZ
wg_j]bx ^h � =w< \ kbkl_f_ p_gljZ fZkk� dhlhjuc ^he`_g aZf_gblv <WII��F� Ijb wlhf \ky
kbkl_fZ \hkijhba\h^kl\Z imqdh\ dhfie_dkZ <WII��F khojZgy_lky \ g_baf_gghf \b^_�
fZdkbfZevgh bkihevamxlky kms_kl\mxsb_ bklhqgbdb iblZgby� dZ[_evgu_ ljZkku� kbkl_fZ



Z\lhfZlbabjh\Zggh]h mijZ\e_gby b l�^� B� qlh hkh[_ggh \Z`gh� jZkiheh`_gb_ b dhgkljmdpby
gh\h]h gZdhibl_ey iha\hey_l \_klb wdki_jbf_glu k kms_kl\mxsbfb ^_l_dlhjZfb KG> b
DF>���

FZ]gblgZy kljmdlmjZ <WII����� hkgh\ZgZ gZ jZajZ[hlZgghc \ eZ[hjZlhjbb
dhgp_ipbb djm]euo imqdh\� dhlhjZy agZqbl_evgh hkeZ[ey_l h]jZgbq_gb_ k\_lbfhklb ba�aZ
wnn_dlh\ we_dljhfZ]gblgh]h \aZbfh^_ckl\by \klj_qguo k]mkldh\� JZkq_lgZy k\_lbfhklv

gh\h]h gZdhibl_ey ^hklb]Z_l �×10 ��
kf

−�
k_d

−�
gZ wg_j]bb � =w< b ihqlb gZ ihjy^hd

ij_\urZ_l k\_lbfhklv <WII��F \ _]h ^bZiZahg_ wg_j]bc�

H^ghijhe_lguc ^Zlqbd iheh`_gby imqdZ

< jZfdZo f_`^mgZjh^gh]h khljm^gbq_kl\Z ih ijh[e_f_ jZa\blby
ij_^eh`_ggh]h \ BYN gh\h]h gZijZ\e_gby \ mkdhjbl_evghc l_ogbd_ � ebg_cguo
dheeZc^_jh\ - jZajZ[hlZg h^ghijhe_lguc ^Zlqbd iheh`_gby imqdZ kh
k\_jo\ukhdbf jZaj_r_gb_f \ ���� fbdjhgZ� Kbkl_fZ ^Zlqbdh\ mklZgh\e_gZ gZ
bkiulZl_evghf kl_g^_ \ ;jmdo_c\_gkdhc gZpbhgZevghc eZ[hjZlhjbb �KR:�� \
mkdhjbl_evghf p_glj_ =_jfZgbb �DESY)� Z lZd`_ aZdZaZgZ GZpbhgZevghc
eZ[hjZlhjb_c Yihgbb �D?D��



NBABD: IE:AFU B MIJ:<EY?FUC L?JFHY>?JGUC KBGL?A�

Wdki_jbf_glu gZ mklZgh\d_ =>E

GZ mklZgh\d_ ©=Zah^bgZfbq_kdZy eh\mrdZª \ mklhcqb\uo j_`bfZo
m^_j`Zgby ijh\_^_gu i_j\u_ wdki_jbf_glu k bg`_dpb_c fhsguo ^_cl_jb_\uo
imqdh\� \ dhlhjuo gZ[ex^Z_lky aZf_lguc \uoh^ l_jfhy^_jguo g_cljhgh\� DZd
b h`b^Zehkv� iehlghklv g_cljhggh]h ihlhdZ bf__l hklju_ ibdb \[ebab lhq_d
hklZgh\db [ukljuo aZo\Zq_gguo ^_clhgh\ �m\_ebq_gb_ ihlhdZ ijbf_jgh \ ��
jZa ih kjZ\g_gbx k p_gljhf mklZgh\db�� Wlhl j_amevlZl ih^l\_j`^Z_l jZg__
ihemq_ggu_ ^Zggu_ h jZkij_^_e_gbb [ukljuo qZklbp� Iheguc g_cljhgguc
ihlhd ^hklb]Z_l \_ebqbgu �¢ 10 9 

g�k_d�
Ijh\_^_gu i_j\u_ mki_rgu_ wdki_jbf_glu ih bkke_^h\Zgbx \ebygby

jZ^bZevgh]h we_dljbq_kdh]h ihey gZ F=> mklhcqb\hklv ^\modhfihg_glghc
ieZafu�
Ihemq_ggu_ gZ mklZgh\d_ wdki_jbf_glZevgu_ j_amevlZlu y\eyxlky hq_j_^guf
rZ]hf \ jZa\blbb ijh_dlZ kha^Zgby bgl_gkb\gh]h bklhqgbdZ g_cljhgh\ gZ
hkgh\_ hldjulhc ieZaf_gghc eh\mrdb�

Jbk�� JZkij_^_e_gb_ ihlhdZ g_cljhgh\ \^hev hkb mklZgh\db =>E



Bkke_^h\Zgb_ kbevghc e_g]fxjh\kdhc lmj[me_glghklb \ fZ]gblh�Zdlb\ghc
g_fZdk\_eeh\kdhc ieZaf_ gZ mklZgh\d_ =HE ± F

 < h[eZklb ijhkljZgkl\_gguo fZkrlZ[h\ e_g]fxjh\kdhc
lmj[me_glghklb� kh^_j`Zs_c [he__ ¾ \k_c iehlghklb wg_j]bb lmj[me_glghklb�
ijh\_^_gu g_ihkj_^kl\_ggu_ baf_j_gby ^bgZfbdb iehlghklb ieZafu b g_
h[gZjm`_gu ehdZevgu_ ^bgZfbq_kdb_ ihgb`_gby ]em[`_� q_f ��� hl hkgh\ghc
iehlghklb ieZafu� K mqzlhf wlh]h nZdlZ b gZ hkgh\_ ZgZebaZ baf_j_gguo
jZg__ ki_dljh\ e_g]fxjh\kdbo b bhggh�a\mdh\uo dhe_[Zgbc� Z lZd`_ nmgdpbb
jZkij_^_e_gby ieZaf_gguo we_dljhgh\� ij_^eh`_g gh\uc� Zevl_jgZlb\guc
\hegh\hfm dheeZikm� f_oZgbaf i_j_ghkZ wg_j]bb \ kbevghc e_g]fxjh\kdhc
lmj[me_glghklb \ g_fZdk\_eeh\kdhc� g_bahl_jfbqghc fZ]gblhZdlb\ghc ieZaf_.
<Z`gmx jhev \ wlhf f_oZgbaf_ b]jZ_l aZf_^e_gb_ e_g]fxjh\kdbo \heg ijb
jZkk_ygbb gZ dhjhldh\hegh\uo bhggh�a\mdh\uo dhe_[Zgbyo� Kms_kl\_ggh� qlh
mdZaZgguc j_`bf e_g]fxjh\kdhc lmj[me_glghklb ^h gZklhys_]h \j_f_gb
ih^jh[gh g_ bkke_^h\Zeky wdki_jbf_glZevgh b hklZzlky� ijZdlbq_kdb�
g_^hklmi_g ^ey ZgZeblbq_kdhc l_hjbb b qbke_ggh]h fh^_ebjh\Zgby \ kbem _]h
keh`ghklb�

MklZgh\dZ =HE���II

< ���� ]h^m gZ mklZgh\d_ =HE���,, ijh\_^_gZ fh^_jgbaZpby k p_evx
hilbfbaZpbb iZjZf_ljh\ gZ]j_\Zxs_]h kbevghlhqgh]h JWI b memqr_gby
l_jfhbaheypbb gZ]j_lhc ieZafu hl fZl_jbZevguo lhjph\ ijh[hqghc fZ]gblghc
eh\mrdb �^ebgZ ��f� ihe_ \ ijh[dZo ��Le� ihe_ h^ghjh^ghc qZklb �Le�� JZg__
lhjpu ieZaf_ggh]h klhe[Z hibjZebkv gZ l\_j^hl_evgu_ we_dljh^u� b
ijh^hevgZy we_dljhggZy l_iehijh\h^ghklv ijb\h^beZ d [ukljhfm �fZkrlZ[Z
�fdk� hklu\Zgbx ieZafu ihke_ hdhgqZgby bg`_dpbb JWI �^ebl_evghklv imqdZ
hdheh �� fdk�� Bkihevamy \ dZq_kl\_ we_dljh^h\ iehlgu_ ieZaf_ggu_ k]mkldb b�
l_f kZfuf ih^Z\b\ klhd wg_j]bb \^hev fZ]gblgh]h ihey� m^Zehkv ih^gylv
wg_j]_lbq_kdh_ \j_fy `bagb gZ]j_lhc ieZafu gZ ihjy^hd \_ebqbgu� Wlhl
j_amevlZl hldju\Z_l imlv ^ey ihemq_gby iehlghc ieZafu k ]hjyqbfb bhgZfb \
j_amevlZl_ __ lmj[me_glgh]h gZ]j_\Z kbevghlhqgufb JWI�

MklZgh\dZ WEFB

<i_j\u_ ijh^_fhgkljbjh\ZgZ jZ[hlhkihkh[ghklv ^\mf_jgh
jZkij_^_e_gghc h[jZlghc k\yab \ ]_g_jZlhjZo we_dljhfZ]gblgh]h baemq_gby�
Bkke_^h\Zgby lZdh]h gh\h]h f_oZgbafZ iheh`bl_evghc h[jZlghc k\yab
\_^_lky gZ mklZgh\d_ WEFB gZ hkgh\_ bkihevah\Zgby ^\mf_jgh]h ieZgZjgh]h
[jw]]h\kdh]h j_ahgZlhjZ� dhlhjuc mklZgh\e_g \ fZa_j_ gZ k\h[h^guo
we_dljhgZo k j_eylb\bklkdbf imqdhf �� Fw< �� d: �� fdk� e_glhqghc ]_hf_ljbb
�k_q_gb_ �o���ff�� < j_amevlZl_ wdki_jbf_glh\ \ K<Q�bfimevk_
fbdjhk_dmg^ghc ^ebl_evghklb ^hklb]gml j_dhj^guc ^ey fbeebf_ljh\h]h
^bZiZahgZ mjh\_gv wg_j]bb fZkrlZ[Z ��� >` aZ bfimevk gZ qZklhl_ �� ==p k
madbf ki_dljZevguf bgl_j\Zehf�



>bZ]ghklbq_kdbc bg`_dlhj g_cljZevguo Zlhfh\

>ey ^bZ]ghklbdb ieZafu \ djmiguo l_jfhy^_jguo mklZgh\dZo
jZajZ[hlZg bklhqgbd Zlhfh\ ]_eby wg_j]b_c ^h �� dw< k lhdhf ^h ��� wd\b\� : b
^ebl_evghklvx ^h �� k_d� gZ hkgh\_ \ukhdhqZklhlgh]h ieZaf_ggh]h wfbll_jZ�
Ijb g_h[oh^bfhklb imqhd fh`_l [ulv fh^mebjh\Zg k qZklhlhc ^h ��� =p�
JZkoh^bfhklv imqdZ ± f_g__ ��� ]jZ^� �ijb wg_j]bb �� dw<��

>ey ^bZ]ghklbdb ieZafu \ mklZgh\dZo f_gvr_]h fZkrlZ[Z jZajZ[hlZg
bklhqgbd Zlhfh\ \h^hjh^Z �]_eby� k ^ebl_evghklvx bfimevkZ � ±� fk_d� lhdhf
imqdZ ^h � wd\b\� : b wg_j]b_c �� d<�
Bklhqgbdb mklZgh\e_gu Bgklblmlhf gZ djmiguo l_jfhy^_jguo mklZgh\dZo
=_jfZgbb� KR:� R\_cpZjbb k p_evx ijh\_^_gby kh\f_klguo jZ[hl�



KBGOJHLJHGGH? BAEMQ?GB? B E:A?JU G: K<H;H>GUO WE?DLJHG:O

<b]]e_j k j_dhj^gufb \ fbj_ iZjZf_ljZfb

< ���� ]h^m [ueZ aZ\_jr_gZ jZ[hlZ ih kha^Zgbx k\_joijh\h^ys_]h
\b]]e_jZ k ihe_f �� L_keZ� < _]h dhgkljmdpbb [ueZ jZajZ[hlZgZ b mki_rgh
hijh[h\ZgZ l_ogheh]by ba]hlh\e_gby kbevghihe_\uo dZlmr_d ba gbh[bc�
heh\yggh]h ijh\h^Z� bkihevah\Zgh fgh]h ^jm]bo \ukhdhl_ogheh]bq_kdbo
gh\r_kl\ �gbadhl_fi_jZlmjgu_ oheh^bevgu_ fZrbgu \f_klh `b^dh]h ZahlZ
^ey hoeZ`^_gby l_ieh\uo wdjZgh\� \ukhdhl_fi_jZlmjgu_ d_jZfbq_kdb_
k\_joijh\h^gbdb \ dZq_kl\_ lhdh\\h^h\� k\_joijh\h^ysb_ l_ieh\u_ dexqb� Z
lZd`_ j_dhg^_gkhju `b^dh]h ]_eby��

Wlhl \b]]e_j k j_dhj^gufb \ fbj_ iZjZf_ljZfb [m^_l mklZgh\e_g gZ
gZdhibl_ev SPring-8 �Yihgby�� bf_xs_f wg_j]bx � =w<� ^ey ]_g_jZpbb
kbgojhljhggh]h baemq_gby k wg_j]b_c nhlhgh\ [he__ � Fw<.

Kha^Zgb_ \b]]e_jZ nbgZgkbjh\Zehkv FGLP \ jZfdZo ijh_dlZ ]_g_jZpbb
yjdbo imqdh\ f_^e_gguo ihabljhgh\ k ihfhsvx kbgojhljhggh]h baemq_gby�

Gh\u_ j_gl]_gh\kdb_ ^_l_dlhju

< ���� ]h^m [ue aZ\_jrzg wlZi kha^Zgby gh\h]h ihdhe_gby
h^ghdhhj^bgZlguo ^_l_dlhjh\ H>�� b ^\modhhj^bgZlguo ^_l_dlhjh\ >?>���

H^ghdhhj^bgZlguc [_aiZjZeeZdkguc ^_l_dlhj H>�� bf__l j_dhj^gu_
iZjZf_lju ih [ukljh^_ckl\bx ��� F=p�� \ukhdZy wnn_dlb\ghklv j_]bkljZpbb
d\Zglh\ ihemq_gZ [_a ihl_jb ijhkljZgkl\_ggh]h jZaj_r_gby ���� ff��
Bkihevah\Zgb_ H>�� hldjueh gh\u_ \hafh`ghklb ^ey bamq_gby dbg_lbdb
[ukljhijhl_dZxsbo kljmdlmjguo baf_g_gbc \ fbdjhk_dmg^ghf ^bZiZahg_
\j_f_gb� Ba]hlh\e_gh ljb ^_l_dlhjZ H>��� h^bg ^_l_dlhj jZ[hlZ_l gZ
gZdhibl_e_ <WII��� \lhjhc ± gZ Nhlhgghc NZ[jbd_ (Tsukuba, Japan), lj_lbc �
gZ 63ULQJ�� �Obf_^`b� Yihgby��

>\modhhj^bgZlguc ^_l_dlhj >?>�� bf__l jZaf_j ��� × ��� ff2 ijb rZ]_
ijh\hehq_d ��� ff� [ukljh^_ckl\b_ ± � F=p� >_l_dlhj bf__l ^\Z jZ[hqbo
j_`bfZ� bgdj_f_glguc b ihdZ^jh\uc� Djhf_ dhhj^bgZl� aZibku\Z_lky lZd`_
\j_fy kh[ulby b \hkklZgh\e_ggZy wg_j]by d\ZglZ�

>_l_dlhj mklZgh\e_g gZ klZgpbb ©Wg_j]h^bki_jkbhggZy
^bnjZdlhf_ljbyª gZdhibl_ey <WII���

Gh\uc wdki_jbf_glZevguc f_lh^

< ���� ]h^m khljm^gbdZfb BgklblmlZ dZlZebaZ KH J:G jZajZ[hlZg f_lh^
hij_^_e_gby kljmdlmju ih\_joghklb gZghqZklbp� bkihevamy ^Zggu_ EXAFS
fhe_dme�ahg^h\� Z^khj[bjh\Zgguo gZ ih\_joghklb wlbo gZghqZklbp� >ey jy^Z
dhgdj_lguo aZ^Zq \ dZq_kl\_ ahg^Z bkihevah\ZgZ Z^khj[pby fhe_dme
k_e_gh\h^hjh^Z� LZd� ^ey gZghqZklbp gbd_e_\uo f_lZeebq_kdbo dZlZebaZlhjh\
kbgl_aZ \hehdgbklh]h m]e_jh^Z imlzf jZaeh`_gby f_lZgZ wlbf kihkh[hf
mklZgh\e_gZ kljmdlmjZ ]jZgb� gZ dhlhjhc ijhbkoh^bl jZaeh`_gb_ f_lZgZ�

Kha^Zgb_ gh\uo l_ogheh]bc

< ���� ]h^m khljm^gbdZfb BOLLbFK KH J:G f_lh^hf fZehm]eh\h]h
jZkk_ygby k bkihevah\Zgb_f kbgojhljhggh]h baemq_gby \ jZaebqguo
l_fi_jZlmjguo ^bZiZahgZo bkke_^h\Zg in situ ijhp_kk ©ahev�]_evª i_j_oh^Z
pbjdhg�Zexfbg__\uo ahe_c b ijhp_kk djbklZeebaZpbb ihemq_gguo dk_jh]_e_c
ba Zfhjngh]h \ djbklZeebq_kdbc ijh^mdl� Bkihevah\Zgb_ ©ahev�]_evª
l_ogheh]bb iha\hey_l ihemqblv d_jZfbdm k jZaf_jZfb djbklZeeh\ f_gvr_



h^gh]h fbdjhgZ imlzf ]hfh]_gbaZpbb \k_c kbkl_fu gZ ZlhfZjghf mjh\g_� <
dhg_qghf ijh^mdl_ g_l g_ ijhj_Z]bjh\Z\rbo bkoh^guo dhfihg_gl� qlh j_adh
memqrZ_l k\hckl\Z d_jZfbdb b ^_eZ_l \hafh`guf ihemq_gb_ hq_gv f_edh]h
d_jZfbq_kdh]h ihjhrdZ�

Fhsguc EKW ^ey P_gljZ nhlhobfbq_kdbo bkke_^h\Zgbc

< ���� ]h^m aZ\_jr_gu jZ[hlu ih kha^Zgbx bg`_dlhjZ we_dljhgh\�
dhlhjuc iha\hey_l ihemqZlv we_dljhgguc imqhd k ibdh\uf lhdhf � :�
^ebl_evghklvx ��� ps b qZklhlhc ih\lhj_gby ^h �� F=p�

Ba]hlh\e_gu b bkiulZgu \hk_fv j_ahgZlhjh\ ba r_klgZ^pZlb�
g_h[oh^bfuo ^ey mkdhjyxs_c k_dpbb� <_^zlky fhglZ` <Q�]_g_jZlhjZ
fhsghklvx ��� F<l�



H;HJM>H<:GB? B L?OGHEH=BB�

Dhg\_jkby l_ljZoehjkbeZgZ

Kh\f_klgh k Bgklblmlhf g_hj]Zgbq_kdhc obfbb KH J:G gZ ijhfure_gghf
mkdhjbl_e_ WE<�� ijh\_^_gu i_j\u_ wdki_jbf_glu ih we_dljhggh ± emq_\hc
l_ogheh]bb dhg\_jkbb l_ljZoehjkbeZgZ \ ljboehjkbeZg \ jZfdZo ijh]jZffu
ihemq_gby k\_joqbklh]h dj_fgby� BYN b BGO \dexq_gu \ dZq_kl\_
khbkihegbl_e_c \ =hkm^Zjkl\_ggmx ijh]jZffm ©K\_joqbkluc dj_fgbcª�

Emq_\Zy l_ogheh]by jm^hih^]hlh\db

Kh\f_klgh k Bgklblmlhf ]hjgh]h ^_eZ KH J:G �eZ[hjZlhjby h[h]Zs_gby
ihe_aguo bkdhiZ_fuo b wdheh]bq_kdbo l_ogheh]bc� gZ ijhfure_gghf
mkdhjbl_e_ BEM ijh\_^_gh bkke_^h\Zgb_ ih bgl_]jZpbhgghfm ijh_dlm KH J:G
©Nbabdh�obfbq_kdb_ hkgh\u bgl_gkbnbdZpbb ijhp_kkh\ jm^hih^]hlh\db�
h[h]Zs_gby b i_j_jZ[hldb fbg_jZevgh]h kujvy k bkihevah\Zgb_f
wg_j]_lbq_kdbo \ha^_ckl\bc �mkdhj_ggu_ we_dljhgu�ª� MklZgh\e_ggu_ \
ijhp_kk_ jZ[hlu aZdhghf_jghklb gZijZ\e_gguo baf_g_gbc k\hckl\ fbg_jZeh\
ih^ ^_ckl\b_f imqdZ mkdhj_gguo we_dljhgh\ iha\heyxl jZajZ[hlZlv gh\u_
l_ogheh]bb jm^hih^]hlh\db b h[h]Zs_gby fbg_jZevgh]h kujvy�

Eblb_\Zy ebgaZ

JZ[hlu ih ih\ur_gbx wnn_dlb\ghklb ihemq_gby Zglbijhlhgh\ \
Zglbijhlhgghf dheeZc^_j_ GZpbhgZevghc eZ[hjZlhjbb bf� N_jfb �KR:�
\dexqZxl \ k_[y aZf_gm kh[bjZxs_c Zglbijhlhgu pbebg^jbq_kdhc ebgau k
l\_j^uf eblb_f gZ ebgam k `b^dbf eblb_f� ijhdZqb\Z_fuf q_j_a kbkl_fm�

< jZfdZo khljm^gbq_kl\Z f_`^m BYN b NG:E jZajZ[hlZgZ b ba]hlh\e_gZ
pbebg^jbq_kdZy ebgaZ ^bZf_ljhf � kf b ^ebghc �� kf k ijhdZqb\Z_fuf
`b^dbf eblb_f b kbkl_fhc iblZgby� h[_ki_qb\Zxs_c aZibldm ebgau
bfimevkZfb lhdZ Zfieblm^hc ^h ��� F:� khhl\_lkl\mxs_c ihex gZ
ih\_joghklb ebgau ^h �� L_keZ� JZajZ[hlZgZ kbkl_fZ ijhdZqdb `b^dh]h eblby�
\dexqZxsZy \ k_[y we_dljhfZ]gblguc gZkhk hjb]bgZevghc dhgkljmdpbb�
mkljhckl\h kha^Zgby b dhgljhey \ eblbb klZlbq_kdh]h ^Z\e_gby \_ebqbghc ^h
��� Zlf�� kbkl_fm gZ]j_\Z b dhfivxl_jgh]h dhgljhey l_fi_jZlmju eblb_\h]h
dhglmjZ b kdhjhklb ijhdZqdb eblby� Z lZd`_ l_iehh[f_ggbd gZ hkgh\_
`b^dhf_lZeebq_kdh]h l_iehghkbl_ey ba ]Zeebc�bg^b_\h]h kieZ\Z�

Ijh_dl mkdhjbl_evgh]h dhfie_dkZ ^ey g_cljhg�aZo\Zlghc l_jZibb

JZajZ[hlZg ijh_dl mkdhjbl_evgh]h dhfie_dkZ ^ey ]_g_jZpbb g_cljhggh]h
imqdZ ^ey ijh\_^_gby g_cljhg�aZo\Zlghc l_jZibb b l_jZibb [ukljufb
g_cljhgZfb \ mkeh\byo ]hkiblZey� Ijh_dl ijhr_e f_`^mgZjh^gmx wdki_jlbam b
h^h[j_g ^ey gZqZevgh]h nbgZgkbjh\Zgby ih ijh]jZff_ FGLP�

Gh\uc ^_l_dlhj ^ey FPJM ©Kb[bjvª

GZ hkgh\_ fgh]hdZgZevghc bhgbaZpbhgghc dZf_ju kdhgkljmbjh\Zg ^_l_dlhj�
ij_^gZagZq_gguc ^ey bkihevah\Zgby \ mklZgh\d_ FPJM ©Kb[bjvª \f_klh
fgh]hijh\hehqghc ijhihjpbhgZevghc dZf_ju� qlh memqrZ_l ijhkljZgkl\_ggh_
jZaj_r_gb_� [ukljh^_ckl\b_� gZ^_`ghklv mklZgh\db b kgb`Z_l ^ham h[emq_gby
iZpb_glh\� Ba]hlh\e_gh ^\Z h[jZapZ ^_l_dlhjZ� k dhlhjufb \_^mlky l_klh\u_
baf_j_gby�



We_dljhnbabq_kdh_ h[hjm^h\Zgb_

• < jZfdZo khljm^gbq_kl\Z Jhkkbb k ?\jhi_ckdbf P_gljhf Y^_jguo
Bkke_^h\Zgbc �P?JG� jZajZ[hlZgZ l_ogheh]by b hk\h_gh fZkkh\h_
ijhba\h^kl\h ij_pbabhgguo we_dljhfZ]gblh\ ^ey kljhys_]hky dhfie_dkZ
ijhlhg�ijhlhgguo \klj_qguo imqdh\ �/+&� F wg_j]b_c ^h � Lw<�
Ijhba\h^kl\h b _`_g_^_evgZy ihklZ\dZ fZ]gblh\ gZeZ`_gu \ dhhi_jZpbb k
aZ\h^Zfb Q_ey[bgkdZ� Q_j_ih\pZ� K��I_l_j[mj]Z b Gh\hkb[bjkdZ� Iheguc
\_k ihklZ\ey_fuo \ P?JG we_dljhfZ]gblh\ khklZ\bl hdheh � luk�lhgg �

• JZajZ[hlZg b ba]hlh\e_g mgbdZevguc YFJ�baf_jbl_ev ihklhygguo
fZ]gblguo ihe_c k gZijy`_gghklvx ^h �� L_keZ� jZ[hlZxsbc ijb
djbh]_gguo b dhfgZlguo l_fi_jZlmjZo�

 
• JZajZ[hlZgu b ba]hlh\e_gu gh\u_ \ukhdhl_ogheh]bqgu_ [bf_lZeebq_kdb_

j_ahgZlhju k jZ[hq_c qZklhlhc ��� F]p b jZ[hqbf gZijy`_gb_f ^h ��� d<
ijb g_ij_ju\ghf j_`bf_ jZ[hlu�

 
• JZajZ[hlZgu b ba]hlh\e_gu fhsgu_ fh^mevgu_ <Q ]_g_jZlhju k jZ[hq_c

qZklhlhc ��� F]p b \uoh^ghc fhsghklvx ^h ��� d<l ijb g_ij_ju\ghf
j_`bf_ jZ[hlu�

 
• JZajZ[hlZgu b ba]hlh\e_gu ij_pbabhggu_ bklhqgbdb iblZgby ihklhyggh]h

lhdZ k \uoh^ghc fhsghklvx ^h ��� d<l k bkihevah\Zgb_f kh\j_f_gguo
mkljhckl\ ij_h[jZah\Zl_evghc l_ogbdb b kh\j_f_gghc we_f_glghc [Zau�

 
• JZajZ[hlZgu Z\lhfZlbabjh\Zggu_ kbkl_fu k[hjZ ^Zgguo b kbkl_fu

mijZ\e_gby� e_]dh bgl_]jbjm_fu_ \ kbkl_fu mijZ\e_gby djmiguo mklZgh\hd
ba\_klguo nbabq_kdbo p_gljh\ KR:� ?\jhiu� Yihgbb b Dhj_b� k dhlhjufb
BYN \_^_l kh\f_klgu_ jZ[hlu�


