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#
OBJECTIVE 
#
3<&#4DG&5/@H&#4A#/<@(#&AA4./#@(#/4#548/@8-&#=@5.4(/.- 5/-.7'# &I7=@87/@48(#4A#5.&&J#/-D&(#/4#9&/&.=@8&#/<&#
9&A4.=7/@48#J.45&( (&(#548/.4''@8K#/<&.=7'#5.&&J#@8#H7879@- = #7''4E( #A4.#54= J7.@( 48#C@/<#5.&&J#.&( J48( &#
-89&.#@..79@7/@48"#
#
SUMMARY 
#
L-./<& .#4D(&.H7/@48(#7.&#J.4H@9&9#A4.#J.&((-.@0&9#/<&.=7'#5.&&J#/- D&(#4A#MNOP.NO3@#&I7=@8&9#A4''4C@8K#
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PROGRESS AND STATUS 
#
Introduction 
#
]8#4-.#J.&H@4-(# .&J4./#48#MNOP.NO3@#J.&( (-.@0&9#5.&&J#/-D&#&I7=@87/@48( )#̂ W_#57'5-' 7/@48( #(- KK&(/&9#/<7/#
8@/.4K&8# 548/7=@87/@48#=7E# D&#.&(J48 (@D'&#A4.#@85.&7(&9# J.&5@J@/7/@48#4A#>3@)MF#4IEN57.D4N8@/.@9&#
J.&5@J@/7/&( #9- .@8K#/&(/@8K"##]85.&7(&9#J.&5@J@/7/@48#8&7.#/<&#4-/&.#(-.A75&#&I/&89@8K#@8C7.9(#7#9@(/785&#4A#
`S#789#ZS#a= )#.&(J&5/@H&'E)#C7(#A4-89#7/#QRS#789#ZSSUP#7A/&.#V#WSO#<#789#75.4((# /<&#&8/@.&#/- D&#C7''#
/<@568&( (#7/#TSSUP)#789#=7E#<7H&#7AA&5/&9#5.&&J#.&(J48 (&"##b'(4)#/<&#=&5<78@(=# 548/.4''@8K#5.&&J#
D&<7H@4.#7/#<@K<&.#(/.&((& ( #789#'4C&.#/&=J&.7/-.& ( #C7(#(<4C8#/4#=4(/# '@6&'E#D&#H@(54-(# K'@9&#548/.4''&9#
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K@H&8#&H@9&85&#A4.#&I/&8( @H&#9@('457/@48#J.49- 5/@48#789#.&7..78K&=&8/)#78#7'/&.87/&#&IJ'787/@48#4A#
\7.J& .N!4.8#5.&&J#C7(#J4((@D'&"##3<&#J- .J4( &#4A#/<&#J.&( &8/#&AA4./#@(#/4#K@H&#A-./<&.#548( @9&.7/@48#/4#
/<&(&#@( (-&(" ##;'&5/.48# &8&.KE#'4((# (J &5/.4( 54JE#>;;:$F# @(#7JJ'@&9#/4#J.&5@J@/7/&( #@8#( J&5@= &8#b* Ẁ #
/&(/&9#7/#ZSSUP#789#WWc#1?7# &AA&5/@H&#=@9C7''#(/.&(( #A4.#cQQ#̀<#789#K.7@8#(<7J&#7( J&5/#.7/@4(#789#
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Experimental Procedure 
#
$J&5@=&8(#(&'&5/&9#A4.#A-./<&.#&I7=@87/@48#7.&#'@(/&9#@8#37D'&#W"##!&/7@'&9#@8A4.=7/@48#48#(J&5@=&8#
J.&J7.7/@48#789#5.&&J#/&( /@8K#J.45&9- .&( #C&.&#.&J4./&9#J.&H@4-(' E#̂ Y)`_"##X8&#4A#/<&#/-D&(#A7@'&9#9-.@8K#
/&(/@8K)#789#/<&.&A4.&)#/<&#7JJ'@&9#(/ .&((# C7(#.&=4H&9#C<@'&#7/#/&=J&.7/-.&"##3<&#H75-- = #A-.875&#C7(#
(<-/# 94C8#@==&9@7/&'E#-J48# 9&/&5/@8K#7#/-D&#A7@'-.&#(4# /<&#/@=&#7/#/&=J&.7/- .&#@8#/<&#-8(/.&((& 9#
5489@/@48#C7(#=@8@=7'"##3<&#4/<&.#/C4#/-D&(#9@9#84/#A7@'#789#C&.&#7''4C&9#/4#544'#C<@'&#(/@''#-89&.#
J.&( (-.&"# #b#(&5/@48#4A#7( N.&5&@H&9#/- D@8K#C7(#<&7/&9#/.&7/&9#7/#WSSSUP#A4.#W#<#>9&(@K87/&9#b*F#/4#
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789#V#W#='#\ L#A4.#V#W"R#= @8"F#@8#4.9&.#/4#D&//&.#9&A@8&#K.7@8#D4-897.E#(/.-5/- .&#789#>YR#='#\ YX)#WY"R#='#
\ BX` )#WY"R#='#\L# A4.#V#W#=@8#̂O_F#/4#(<4C#J.&5@J@/7/&#(/.@8K&.("#

#
$J&5@=&8#J.&J7.7/@48#A4.#;;:$# 787'E(@( #-(& 9#7#5.4( (N(&5/@48#J.45&9-.&)#.&f -@.@8K#9@=J'&#K.@89@8K#789#
@48#=@''@8K#48#7#%7/78#J.&5@( @48#@48#J4'@(<@8K#(E(/&=# 4J&.7/@8K#C@/<#R#,& M#7.K48#@48("##;;:$# C7(#
J&.A4.= &9#48#7#+; X: #YSWSL#/.78( = @( ( @48#&'&5/.48#= @5.4( 54J&#>3; 1 F#4J&.7/@8K#7/#YSS#, &M#789#
&f-@JJ&9#C@/<#7#%7/78#J7.7''&'#;;:# (J&5/.4= &/&."#
#
Results 
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1 &/7''4K.7J<E#
#
]8#78#&AA4./#/4#9@AA&.&8/@7/&#D&/C&&8#9@AA&.&8/#5.&&J#= &5<78@(= ()# K.7@8#7(J &5/#.7/@4#5<78K&#C7(#
@8H&(/@K7/&9"##L@K-.&#W#J.4H@9&(#&I7=J' &(#4A#/<&#K.7@8#(<7J&( #@8#(J&5@=&8(#b*)#b*SY)#b*W` )#789#b*YS"##
b''#4A#/<&#K.7@8#(/.- 5/- .&( #@8#/<&(&#(J &5@=&8(#7JJ&7.#&f -@7I&9)#C@/<#48'E#7#A&C#&I7= J'&( #4A#75@5-'7.#
K.7@8( #&'48K7/&9#@8#/<&#.79@7'#9@.&5/@48"##]/#578#D&#84/&9#A.4=#37D'&#W)#/<7/#&AA&5/@H&#=@9C7''#( /.7@8( #C&.&#
T"c)#Y"`)#789#WY"Z[#.&(J &5/@H&'Eg#<4C&H&.#54..&(J 489@8K#9@AA&.&85&(#@8#K.7@8#&'48K7/@48#@8#/<&#/-D&#
/78K&8/@7'#9@.&5/@48#7.&#84/#7JJ7.&8/#A.4= #/<&(&#@=7K&("#
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D&/C&&8#4J&.7/@8K#5.&&J#= &5<78@( = ( #̂Q)Z_"##]/#( <4- '9#D&#84/&9#/<7/#/<&#'48K@/-9@87'#(&5/@48#@(#/<&#48'E#
48&#/<7/#(<4C(#(/.@8K&.(#D-/#@/#@(#84/#@9&7'#A4.#9@AA&.&8/@7/@8K#D&/C&&8#5.&&J#=&5<78@(= (#D&57-(&#5.&&J#
/-D&(#(<4C#8&K'@K@D'&#5<78K&#@8#'&8K/<"##L&C#C&''#9&A@8&9#(/.@8K&.(#C&.&#A4-89#789#48'E#48&#&I/&89&9#
4H&.#(&H&.7'#K.7@8( "##]/#@(#(<4C8#@8#L@K"#Y"##3<&#(/ .@8K&.#94&(#84/#7JJ&7.#/4#(<4C#78E#4AAN(&/#9-&#/4#K.7@8#
D4-897.E#('@9@8K#4.#9@AA-(@487'#5.&&J#J.45&( (&()#(-KK &(/@8K#/<7/#\7.J& .N!4.8#5.&&J#@(#=4 .&#'@6&'E#̂Z_"#
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C&.&#A4- 89#C<&.&#J.&5@J@/7/&#J7./@5'&( #7JJ&7.&9#/4#54''&5/#48#K.7@8#D4- 897.@&( #4.@&8/&9#@8#/<&#'48K@/-9@87'#
9@.&5/@48)#C<&.&7( #A&C#D4- 897.@&( #4.@&8/&9#@8#/<&#.79@7'#9@.&5/@48#( <4C&9#J.&5@J@/7/&#9&54.7/@48"##b(#<44J#
( /.7@8#.&( - '/( #@8#C7''#/<@88@8K)#/<4( &#D4- 897.@&( #4.@&8/&9#'48K@/-9@87''E#C4-'9#54''&5/#J7./@5'&(#DE#9@AA-(@48#
J.45&( ( &( #@8H4'H@8K#K.7@8#D4- 897.@&( "##L4- .#&I 7=J '&( #7.&#J.4H@9&9#@8#L@K"#`"##3<&.&A4.&)#9- .@8K#5.&&J#7/#
TSSUP#@8#(J&5@=&8#b*YS) #7#9@AA-(@487'#J.45&( (#@8H4'H@8K#&@/<&.#D-'6#4.#K.7@8#D4-897.E#9@AA-(@48#C4-'9 #
8&&9#/4#4J&.7/&#A4.#J7./@5'&(#/4#54''&5/#7( #4D(&.H&9"#
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#
b87'E(@(#4A#K.7@8#7(J&5/#.7/@4(#
#
%.7@8#7(J&5/#.7/@4#=&7( - .&=&8/(#@8#/-D&#.79@7'#789#5@.5-=A&.&8/@7'#9@.&5/@48(#C&.&#=7 9&#D7(&9#48#
@=7K&(#(@=@'7.#/4#L@K"#W"##; H@9&85&#A4.#K.7@8#7( J&5/#.7/@4#5<78K&#C7(#A4-89#7( #(<4C8#@8#L@K"#O"##B4/&#/<&#
D7.( #D.756&/@8K#/<&#7H&.7K&#H7'- &( #>4J&8#( f - 7.&( F#A4.#&75<#( J&5@= &8#.&J.&( &8/#/<&#.78K&#4A#=&7( - .&9#
7(J &5/#.7/@4(#789#94#84/#.&J.&( &8/#= &7(-.& = &8/#&..4."##]/#@(#84/&C4./<E#/<7/#/<&#K.7@8#7( J&5/#.7/@4#
9&5.&7( &( #7JJ.4I@=7/&'E#'@8&7.'E#C@/<#@85.&7(@8K#=@9C7''#(/.7@8"##]8#9@AA-(@48#5.&&J)#/<&#&'48K7/@48#4A#/<&#
K.7@8( #C@''#= 7/5<#/<&#4H&.7''#(/ .7@8#@8#/<&#(7= J'&g#C<&.&7( #@A#9&A4.= 7/@48#455- .( #J.&94= @878/'E#DE#K.7@8#
D4-897.E#('@9@8K)#/<&.&#C@''#D&#84#(@K8@A@578/#K.7@8#&'48K7/@48#̂ Z_)#( 4#/<&#K.7@8#7( J&5/#.7/@4#C@''#84/#5<78K&"##
3<&#&IJ &5/&9#.79@7'N/4N5@.5-=A&.&8/@7'#7( J&5/#.7/@4#578#D&#&(/@=7/&9#7((- =@8K#848&#4A#/<&#9&A4.=7/@48#@( #
9-&#/4#K.7@8#D4-897.E#('@9@8K"##b(#78#&I7=J'&#548(@9&.#(J&5@=&8#b*YS)#C<@5<#.&75<&9#78#&AA&5/@H&#=@9N
C7''#(/.7@8#4A#S"WYZ"##3<@( #@( #&f -@H7'&8/#/4#7#=@9NC7''#<44J#(/.7@8#4A#S"WW"##$@85&#/<&#'48K@/-9@87'#(/ .7@8#@( #
0&.4#A4.#7#J.&( (-.@0&9#5.&&J#/-D&#789#/<&#.79@7'#(/.7@8#@(#&f-7')#D-/#4JJ4(@/&#@8#(@K8#/4#/<&#<44J#(/.7@8#/<&#
A4''4C@8K#&f- 7/@48(#K@H&#/<&#J.&9@5/&9#K.7@8#7(J&5/#.7/@4#A4.#b*YS#7A/&.#WY"Z[#9&A4.=7/@48h#
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L@K"#O"##1&7 ( -.&9 #789#J.&9@5/&9#K.7@8#7(J&5/#.7/@4#@8#J.&( (-.@0&9#5.&&J#/-D&(#7(#7#A-85/@48#4A#
&AA&5/@H&#= @9NC7''#( /.7@8"#
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?.&5@J@/7/&#]8/&.( /@/@7'#548/&8/( #A.4= #; ; : $#
#
?.&5@J@/7/&#J7./@5'&( #@8#/<@88&9#.&K@48( #4A#( J&5@= &8#b* Ẁ #8&7.#/<&#4- /&.#9@7= &/&.#C&.&#787'E0&9#- ( @8K#
&'&5/.48#&8&.KE#'4((#(J &5/.4(54JE#>;;: $F"##*& (-'/(# A4.#/<&#A@.(/#WR#J7./@5'&(#787'E0&9#7.&#(<4C8#@8#L@K"#R"##
3EJ@57'#&8&.KE#'4((# (J&5/.7#7.&#48'E#(<4C8#A4.#/<&#=7/. @I)#J7./@5'&#Y#789#J7./@5'&#̀)#789#7''#(J&5/.7#7.&#
J.4H@9&9#- ( @8K#( &5489#9@AA&.&85&#787'E( @( #( 4#/<7/#&9K&(#7JJ&7.#7( #.@8K@8K#(@K87'()#C@/<#/<&#.&'7/@H&#(@0&#
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