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B<-"@MRkgALK=<UT0�/.GMl"-"3�m.@Q02B<CD02B�02=<-�=<-"Rk-�=<=<-"3�:<L�02B*B<-"@MRkgALK=<UT0�/.GMl"-"3�-"@M-"F":<=<LK/�B2m.GM=?0�@T:<L;=<LKGH3.B��H[K\��A)*7TLK:<-"/N:<GA02@

02m.mT@MGHF;0�:<GML;/.B6L;R�B<-"@HRkgiLK=<U802/.GHl�-"3D-�@H-�F":<=<LK/DB<m.GH=?02@ :<L;=<LKGH3.B6GH/.F"@MJ.3.-�-�/.-"=<UKV�m.J.@MB2-�RkLK=<CD02:<GHLK/ X.-"/.-"=<UKV

B<:<L;=?02UK-NX+02/.3�m.=<LKm.J.@HB<GHLK/ )

PQ/�:<,.GMB*m 0�mT-"=?X;_�-�m.=<-�B2-�/N:�06:<,.-"LK=<-":<GMFN02@+C�LN3.-"@8RkLK=*:<,.-�B<-"@MRkgiL;=<UT02/TGMl"-�3�-"@H-�F":<=<LK/�B<m.GH=?02@+:<LK=<LKGH3
n ` E?S�p<).PQ/�:<,.-�m.=<-�B<-"/N:6CaLN3.-�@QX.:<,.-�-"@M-"F":<=<LK/.Ba02=<-�0�B<B<J.Ca-"3�:<L�J./.3.-"=<UKL�-�/T-�=<U;-�:<GHF�B<m.GH=?02@ CaLK:<GHLK/

02@HLK/.U50�,.LK@H@ML?_ :QL;=<J.B�_6GM:<,�0�/rGHLK/rW 0�F29NUK=<LKJT/.3 )�S*,.-a-"@M-"F�:<=<L;/rCa-;0�/rRk=<-"-�m�02:<,rGHB�02B2B<J.Ca-�31:<L

WT-�@HLK/.UaF"LKCam 02=<-"3�_*GH:<,�:<,.- ` EKSjB<GHl�-�0�/.3�:<,.-�-"@M-"F":<=<LK/�:<-"CamT-"=?02:<J.=<-�GHB�0�B<B<J.Ca-�3�:<L�W8-�@ML?_�X;B2L

:<, 02:�:<,.-�-"@M-"F�:<=<L;/.B�02=<-�F"LK/.B<GH3.-"=<-�31:<L�RkL;=<C 0a,.LK@H@ML?_ W8-;0�Cz:<L;=<J.B�_*GH:<,1F�L;@M3.gihTJ.GM31CaLK:<GHLK/ )�PQ/
:<,.-�02/�02@HV;B2GMB?XN:<,.-�-"@H-�F":<=<LK/�:<-�CamT-"=?02:<JT=Q-�GMB�02B<B2J.C�-"3�:<LaW8-�B<C�0�@M@Q)*� -"F;0�J.B<-�_�-�02=<-�GH/N:<-�=<-"B<:<-"3�GH/

:<,.-�m.@Q02B2C�063.VN/ 02CaGHF�B*LK/106:<GHC�-�B2F;0�@M-�L;R+:<,.-�-�@H-�F":<=<LK/�CaLK:<GHLK/ X;:<,.-�GML;/�W 0�F29NUK=<LKJT/.3�GHB�02B<B<JTC�-"3

:<L�W8-auTv;-"3 )rIKJ.=<:<,.-"=<CaLK=<-NX+:<,.-�C�GH/.LK=�=?0�3.GMJTB�LKR*:<,.- ` E?S GHB�02B2B<J.Ca-�31:<LDWT-�B<CD02@H@	F"LKCam 02=<-"3

_*GH:<,�:<,.-�CD0?wkLK=6=?023.GHJ.B?X.GQ) -N)HX.:<,.-�0�B<m8-�F":6=?02:<GHLaL;R�:<,.- ` E?SsGHB�0�B<B<J.Ca-"3�:<LaW8-�B<CD02@M@Q)�( L;/.B<GMB2:<-�/N:

_*GH:<,�:<,.-�B<C�0�@M@	0�B<mT-"F":�=?0�:<GML�02B2B<J.Cam.:<GML;/ X;:<,.-�:<LK=<L;GM3 0�@8dK-"@MLNF"GM:QVaL;R+:<,.-�-"@M-"F":<=<LK/�h.L?_�GHB�02B<B<JTC�-"3
:<L�WT-�/.-"UK@HGMU;GMW.@HV�B<CD02@H@ F"L;C�m 0�=<-�3r_*GM:<,r:<,.-�mTL;@ML;GM3 0�@ d;-�@HLNF�GH:QV�LKR	:<,.-�-"@M-"F":<=<LK/DhTL?_�)ax	B<GM/.U�:<,.GHB

CaL;3.-"@QXK:Q,T-*-"y;J.GH@HGMW.=<GHJ.C 0�/.3aB<:?02W.GH@MGH:QV�m.=<LKm8-"=<:<GM-"B	LKR8:<,.-*-"@M-"F":<=<LK/ah.L?_qGH/�:<,.-6B<-"@MRkgALK=<UT0�/.GMl"-"3 ` E?S

02=<-502/�02@HV;l"-"3 )5PQ:aGHBaRkLKJ./.3q:<,�02:D0�F"@Q02B<B�LKR�B<-"@MRkgALK=<UT0�/.GMl"-"3 ` E?St-"yNJ.GH@MGHW.=<GA0�-�vNGHB<:<Ba_*GH:<,.LKJ.:r02/

-"v;:<-"=</ 0�@M@HVq0�m.m.@MGH-"31:<LK=<LKGH3 02@�CD02UK/.-":<GHFau.-"@H3 )�PQ:�GMB�B2,.L?_*/1:<, 02:�GH/1:<,.-r02W.B<-"/.F"-aL;R�02/NV�02m.m.@HGM-"3
:<LK=<L;GM3 0�@8CD02UK/T-�:<GHF�u.-"@H3 X;:<,.- ` E?Sj-"y;J.GH@HGMW.=<GQ0�02=<-�B<:?02W.@H-a0�:�,TGMUK,�-"@H-�F":<=<LK/�3.-"/.B<GH:<GM-"B�nkGQ) -N)MX+02:*,.GHUK,

:<LK=<L;GM3 0�@	B<-"@MRkgAC�0�UK/.-":<GMF�u.-�@H3.B?p<X�0�@M:<,.L;J.UK,1:<,.-"Vq02=<-�J./.B<:?02WT@M-D0�:�@HL?_ -"@M-"F":Q=<L;/13.-�/.B2GM:<GH-�B�nkGQ) -N)HX�02:

@HL?_j:<LK=<L;GM3 0�@+B<-"@MRkgiCD02U;/.-�:<GHF�u.-"@M3.BKp<)

S*,.-�L;=<UT0�/.GMlN02:<GHLK/rLKR	:<,.GHBa0�=Q:<GHF"@M-�GHBa0�B�RkLK@H@MLK_*B?)�PQ/qE?-"FN).P<P"X�0�F"LK@H3.gih.J.GH3D-"yNJ.GM@HGHW.=<GMJ.C :<,.-"LK=<V

LKR	:<,T-�-"@H-�F":<=<LK/rB<m.GM=?0�@ :<L;=<LKGH3qn ` E?S�p�GMB�m.=<-�B2-�/N:<-"3 ) ` v+02Cam.@M-"B�L;R	:<-�/NJ.L;J.Ba0�/.3DGM/N:<-"/.B<-�-"@M-"F":<=<LK/
B<m.GH=?02@	:<L;=<LKGH3.B�02=<-am.=<-"B<-"/N:<-�3 )�PA/jE?-"F;)8P<P<P"X8J.B<-�GMB�CD023.-aL;R�:<,.-�F�L;/;:<GH/NJ.GM:QVD-"yNJ 02:<GHLK/ X+:<,.-aRkL;=<F�-

-"y;J�02:<GML;/ X.0�/.3 O 02vN_�-"@M@�� B	-"y;J 0�:<GML;/.B�:<L�LKWT:"0�GM/D0�F�L;C�m.@H-":<-*B<-�:	LKRT@HGM/T-;0�=<GMl"-"3�-"y;J 0�:<GML;/.B�U;L?dK-"=</.GH/.U
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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