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[-*")X8"%:0*&'(#9/%)X&%:Fe%F-X'%Y'0'4E%$X('&1)>(X*'&/%#$%0)5%$','&+-%A'+&$%
)-9/%#*%1)070X'$%*)%+2&+1*%0'5%(&)q'1*$%+09%0'5%&'$'+&1"%*'+>$6%!"'$'%X$'&$%
*A(#1+--A%8+#0%+11'$$%*)%[\Za%$A$*'>$%.A%$X.>#i08%+%(&)()$+-%?)&%+%=#&'1*)&_$%
=#$1&'7)0+&A%+--)1+7)06%!"'A%>+A%+2'09%)X&%nY'i08%<*+&*'9p%5)&J$")($%+09%
5'.#0+&$%)0%")5%*)%+((-A%?)&%:LZ:!@%+5+&9$6%d"'0%+((&)(&#+*'/%)X&%1+*+-A$*$%
+09%('&?)&>+01'%'08#0''&$%$X88'$*%9#c'&'0*%+-8)&#*">$%)&%#>(-'>'0*+7)0$%
*"+*%5#--%'0+.-'%*"'%+((-#1+7)0$%*)%$1+-'%*)%*"'%-','-$%0''9'9%*)%"+,'%+%$")*%+*%
&'1'#,#08%+0%:LZ:!@%)&%[\ZZ%+5+&96%!"'%B('&+7)0$%$*+c%>+A%5)&J%5#*"%X$'&%
*'+>$%*)%'0$X&'%*"+*%*"'A%X09'&$*+09%*"'%q).%$1"'9X-#08%+09%9#$J%X$'%()-#1#'$6%

E+&*0'&#08%5#*"%0'5%(&)q'1*%*'+>$%"+$%.''0%$X11'$$?X-6%a)&>'&%&'1#(#'0*$%)?%
=#&'1*)&_$%=#$1&'7)0+&A%+5+&9$%>+J'%X(%+%*"#&9%)?%)X&%1X&&'0*%:LZ:!@%+09%[\ZZ%
(&)q'1*$6%!"+*%#$%+%"#8"%$X11'$$%&'1)&9/%8#,'0%*"'%$7c%1)>('77)0%?)&%*")$'%
+5+&9$6%[09%#*%#$%5)&*"%0)708%*"+*%$)>'%:LZ:!@%(&)q'1*$%*"+*%$*+&*'9%*"#$%A'+&%
SZoIRPPU%+&'%X$#08%-+&8'%?&+17)0$%)?%:0*&'(#9%?)&%(&)9X17)0%&X0$b','0%*"'%
'07&'%$A$*'>%#0%$)>'%1+$'$6%

E&)('--#08%#00),+7)0%#0%$1#'01'%+09%'08#0''&#08%#$%+%1)070X)X$%'09'+,)&6%e#&+/%
*"'%PRQ('*+])($%:Fe%F-X'%Y'0'4l%*"+*%5#--%.'%9'-#,'&'9%#0%IRPI/%(&'$'0*$%0'5%
)(()&*X0#7'$%?)&%#00),+7)0/%8#,'0%#*$%$(''9/%>'>)&A%$#f'/%+09%9#$J%$*)&+8'%
1+(+1#*A6%!"&)X8"%)X&%@+&-A%<1#'01'%E&)8&+>%5'%+&'%(+&*0'&#08%5#*"%PH%(&)q'1*$%
)0%'0"+01#08%*"'#&%+((-#1+7)0$%*)%*+J'%+9,+0*+8'%)?%e#&+_$%?'+*X&'$%+09%+99#08%
*"'%?X017)0+-#*A%&'mX#&'9%*)%+1"#','%*"'#&%+>.#7)X$%$1#'01'%8)+-$6

[$%5'%>),'%*)5+&9$%*"'%0'G*%>+q)&%1"+--'08'%#0%"#8"Q('&?)&>+01'%1)>(X708b
'G+$1+-'%-','-$%)?%1)>(X*+7)0b0)%9)X.*%*"'%.'0'D*$%)?%(+&*0'&#08%5#--%8&)5%#0%
*+09'>%5#*"%*"'%$#f'%)?%*"'$'%'G*&+)&9#0+&A%$A$*'>$6%

science director’s message

Paul Messina
=#&'1*)&%)?%<1#'01'
[&8)00'%\'+9'&$"#(%
Z)>(X708%a+1#-#*A



3

p r o p e l l i n g  i n n o v a t i o n  i n  s c i e n c e

)*&+%',*#-(./&%0#
1+21+0+%3+-#&%#$45$67#
/88(*/'(%0#/9/1-+-#:(1#
;/%</1=#>?#@A>>#3B1(<CB#
D+*+."+1#E>?#@A>>F

World-Class Resources for World-Changing Research

ALCF High-Performance Computing
Intrepid
E&)9X17)0%$1#'07D1%+09%'08#0''&#08%1)>(X708
 ! VR/`HR%mX+9Q1)&'%1)>(X*'%0)9'$% 
SPHM/OVR%(&)1'$$)&$U
 ! e'>)&A3%OR%!F
 ! H6T%EF%9#$J%$*)&+8'
 ! E'+J%E'&?)&>+01'3%TTN%!a

Eureka
Z)0,'&*$%9+*+%)X*(X*%*)%,#$X+-%&'(&'$'0*+7)0$
 ! PRR%9X+-%mX+9Q1)&'%$'&,'&$
 ! IRR%lX+9&)%awTHRR%YE;$%#0%*"'%<V$
 ! e'>)&A3%M6I%!Fx%K[e
 ! E'+J%E'&?)&>+01'3%e)&'%*"+0%PPP%!a

!"'%[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A%S[\ZaU%(&),#9'$%-'+9#08%$1#'07$*$%5#*"%0'G*Q8'0'&+7)0/%
"#8"Q('&?)&>+01'%1)>(X708%&'$)X&1'$%?)&%.&'+J*"&)X8"%&'$'+&1"%*)%+99&'$$%8-).+-%1"+--'08'$6

[\Za%&'$)X&1'$%+&'%+11'$$#.-'%*"&)X8"%*"'%?)--)5#08%(&)8&+>$6

Innovative and Novel Computational Impact on Theory  
and Experiment (INCITE) Program
E&),#9'$%+--)1+7)0$%*)%1)>(X*+7)0+--A%#0*'0$#,'/%-+&8'Q$1+-'%
&'$'+&1"%(&)q'1*$%*)%$#80#D1+0*-A%+9,+01'%J'A%+&'+$%#0%$1#'01'%+09%
'08#0''&#086%!"'%(&)8&+>%'01)X&+8'$%(&)()$+-$%?&)>%X0#,'&$#7'$/%
)*"'&%&'$'+&1"%#0$7*X7)0$/%+09%#09X$*&A6

ASCR Leadership Computing Challenge Program (ALCC)
[--)1+*'$%&'$)X&1'$%*)%(&)q'1*$%5#*"%+0%'>("+$#$%)0%"#8"Q&#$J/%"#8"Q
(+A)c%$#>X-+7)0$%#0%+&'+$%9#&'1*-A%&'-+*'9%*)%*"'%;6<6%='(+&*>'0*%
)?%@0'&8A_$%'0'&8A%>#$$#)0/%0+7)0+-%'>'&8'01#'$/%)&%?)&%.&)+9'0#08%
*"'%1)>>X0#*A%)?%&'$'+&1"'&$%1+(+.-'%)?%X$#08%-'+9'&$"#(%
1)>(X708%&'$)X&1'$6%!"'%(&)8&+>%#$%)('0%*)%$1#'07$*$%?&)>%*"'%
&'$'+&1"%1)>>X0#*A%#0%+1+9'>#+%+09%#09X$*&A6

Early Science Program (ESP)
Bc'&$%&'$'+&1"'&$%(&'(&)9X17)0%")X&$%)0%e#&+/%*"'%[\Za_$% 
0'G*Q8'0'&+7)0/%PRQ('*+])($%:Fe%F-X'%Y'0'4l%$A$*'>6

Director’s Discretionary
Y#,'$%n$*+&*%X(p%+5+&9$%*)%()*'07+-%?X*X&'%:LZ:!@%(&)q'1*$%$)%
*"+*%*"'A%1+0%+1"#','%1)>(X*+7)0+-%&'+9#0'$$6%E&)q'1*$%>X$*%
9'>)0$*&+*'%+%0''9%?)&%-'+9'&$"#(Q1-+$$%&'$)X&1'$6%[5+&9$%>+A%.'%
>+9'%A'+&%&)X09%*)%#09X$*&A/%+1+9'>#+/%-+.)&+*)&#'$/%+09%)*"'&$6

a)&%?X&*"'&%9'*+#-$%+.)X*%*"'$'%(&)8&+>$/% 
1)0*+1*%#0?)W+-1?6+0-68),6

F#)-)8#1+-%<1#'01'$

Z"'>#$*&A

Z)>(X*'&%<1#'01'

@+&*"%<1#'01'

@0'&8A%!'1"0)-)8#'$

@08#0''&#08

e+*'&#+-$%<1#'01'

E"A$#1$

world-class resources

Data Storage
F-X'%Y'0'4E%9+*+%$A$*'>$
 ! HVR%:4B%0)9'$
 ! PH%$*)&+8'%+&'+%0'*5)&J$%S<[L<U
 ! N/HOR%9#$J%9&#,'$
 ! N6H%EF%&+5%$*)&+8'
 ! OO%YF4$'1)09%*&+0$?'&%$(''9
 ! I%(+&+--'-%D-'%$A$*'>$bEka<%+09%YEa<

Networking
:0*'&0+--A/%:0*&'(#9%X$'$%D,'%9#c'&'0*%0'*5)&J$6%!"'%
>+#0%)0'%#$%+%M=%*)&X$%5#*"%+0%+88&'8+*'%.+095#9*"%
)?%T6P%Y.($%*)%'+1"%0)9'6%Z)00'17,#*A%*)%)X*$#9'%
#0$7*X7)0$%#$%(&),#9'9%.A%IR%Y.($%)?%.+095#9*"%*)%
1)>>'&1#+-%+09%&'$'+&1"%0'*5)&J$6
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Breakthroughs in Protein Structure Calculation and Design
>)9'-$%>)$*%1)0$#$*'0*%5#*"%*"'%9#c&+17)0%9+*+/%+09%
$X11'$$%#$%>)0#*)&'9%*"&)X8"%*"'%?&''%R%?+1*)&6%;$#08%
*"#$%+((&)+1"/%&'$'+&1"'&$%5'&'%+.-'%*)%$)-,'%O%)?%PM%
1"+--'08#08%1+$'$6%

:0%+0)*"'&%'c)&*%+99&'$$#08%*"'%1"+--'08'$%)?%
#0]X'0f+/%&'$'+&1"'&$%"+,'%9',#$'9%+%1)>(X*+7)0+-%
>'*")9%?)&%9'$#80#08%(&)*'#0Q(&)*'#0%#0*'&+17)0$%
9'%0),)%+09%X$'9%*"'%>'*")9%*)%9'$#80%"#8"Q+C0#*A%
.#09'&$%*)%*"'%1)0$'&,'9%$*'>%&'8#)0%)0%#0]X'0f+%
"'>+88-X70#0%S^[U6%!"'%&'$X-*$%$X88'$*%*"+*%9'%0),)%
1)>(X*+7)0+-%9'$#80%)?%+07,#&+-%(&)*'#0$%#$%?'+$#.-'6%
^[%#$%+%(&#>'%1+09#9+*'%?)&%9&X8%9','-)(>'0*/%+$%#*%
#$%*"'%>+q)&%(-+A'&%#0%,#&+-%#0,+$#)0%)?%1'--$%-#0#08%*"'%
&'$(#&+*)&A%*&+1*6%

INCITE Allocation: 
MR%e#--#)0%^)X&$

biological sciences

Contact ! David Baker
;0#,'&$#*A%)?%d+$"#08*)0%%y%%9+.+J'&WX65+$"#08*)06'9X

!#*1=03/8#031<*3<1+#(:#)2/%&0B#&%G<+%H/#B+./CC8<'%&%#I31&.+1J#
"(<%-#3(#/#*(.2<3/'(%/88=#-+0&C%+-#"&%-+1#IC1++%JF#6B+#
*(.2<3/'(%/88=#-+0&C%+-#21(3+&%#"&%-0#B+./CC8<'%&%#9&3B#B&CB#
/K%&3=#/%-#"8(*L0#3B+#*(%:(1./'(%/8#*B/%C+0#&%#B+./CC8<'%&%#
3B/3#<%-+18&+#&30#:<%*'(%?#3B+1+"=#%+<31/8&H&%C#&%G<+%H/F#6B+#*1=03/8#
031<*3<1+#&0#M&13</88=#&-+%'*/8#3(#3B+#-+0&C%+-#.(-+8?#M/8&-/'%C#3B+#
-+0&C%#/221(/*BF#NO8+&0B./%#+3#/8F?#I@A>>J#)*&+%*+#E@@P#Q>RFS# 
$./C+#*1+-&3P#)/1+8#O8+&0B./%?#T+&H./%%#$%0'3<3+#(:#)*&+%*+?#$01/+8F

E&)*'#0%$*&X1*X&'%1+-1X-+7)0%+09%9'$#80%1"+--'08'$%
"+,'%9#&'1*%&'-',+01'%?)&%.#)>'9#1#0'%+09%(&),#9'%
$*&#08'0*%+09%).q'17,'%*'$*$%)?%*"'%X09'&$*+09#08%
)?%*"'%?X09+>'0*+-%X09'&(#00#08$%)?%>)-'1X-+&%
.#)-)8A6%<*&X1*X&'%(&'9#17)0%#$%J'A%*)%X09'&$*+09#08%
*"'%?X017)0%+09%#0*'&+17)0$%)?%.#)>)-'1X-'$%+09%
(&),#9'$%*"'%#0$#8"*$%0'1'$$+&A%*)%9'$#80%0'5%
>)-'1X-'$%5#*"%0'5%+09%X$'?X-%?X017)0$6%a+$*'&%
+09%>)&'%+11X&+*'%(&'9#17)0$%)?%$*&X1*X&'%1+0%A#'-9%
$#80#D1+0*%1)$*%+09%7>'%$+,#08$6

:0%1)--+.)&+7)0%5#*"%)*"'&%&'$'+&1"'&$/%=+,#9%F+J'&%
?&)>%*"'%;0#,'&$#*A%)?%d+$"#08*)0%"+$%+1"#','9%+%
0X>.'&%)?%'G1#708%.&'+J*"&)X8"$%#0%(&)*'#0%$*&X1*X&'%
1+-1X-+7)0%+09%9'$#806

!"'%&'$'+&1"'&$%9','-)('9%+%0'5%+((&)+1"%?)&%
1)>(X*+7)0+-%+0+-A$#$%)?%LX1-'+&%e+80'71%
K'$)0+01'%SLeKU%9+*+%*"+*%(X$"'$%*"'%-#>#*$%)?%
(&)*'#0%$#f'%*"+*%1+0%.'%$*&X1*X&+--A%$)-,'9%?&)>%
LeK%$('1*&)$1)(A%9+*+6%!"#$%#$%+%,'&A%$#80#D1+0*%
$*'(%?)&5+&9%$#01'%>+0A%)?%*"'$'%-+&8'&%(&)*'#0$%+&'%
0)*%+>'0+.-'%*)%+0+-A$#$%.A%wQ&+A%1&A$*+--)8&+("A/%
+09%*"X$/%LeK%&'>+#0$%*"'%)0-A%5+A%*)%).*+#0%
*"'#&%$*&X1*X&'6%[\Za%$*+c%+$$#$*'9%*"'%(&)q'1*%*'+>%
5#*"%9','-)(#08%+%$A$*'>%?)&%+X*)>+708%'0$'>.-'%
&X0$6%!"#$%$A$*'>%5+$%1&#71+-%*)%+11)>(-#$"#08%*"'%
'0$'>.-'%&X0$6

aX&*"'&>)&'/%.+$'9%)0%*"'#&%(&',#)X$%5)&J%$")5#08%
*"+*%+11X&+*'%$*&X1*X&'$%1)X-9%.'%).*+#0'9%?&)>%,'&A%
$(+&$'%LeK%9+*+%$'*$/%*"'%&'$'+&1"'&$%&'+$)0'9%
*"+*%$*&X1*X&'%(&'9#17)0%>'*")9$%8X#9'9%.A%','0%
,'&A%0)#$A%9'0$#*A%>+($%>#8"*%.'%+.-'%*)%#>(&),'%+%
())&%>)-'1X-+&%&'(-+1'>'0*%>)9'-%.'?)&'%+((-A#08%
1&A$*+--)8&+("#1%>)9'-Q.X#-9#08%*'1"0#mX'$6%!"'A%
9','-)('9%+0%+((&)+1"%#0%5"#1"%'-'1*&)0%9'0$#*A%
>+($%8'0'&+*'9%?&)>%>)-'1X-+&%&'(-+1'>'0*%
$)-X7)0$%?)&%'+1"%)?%+%$'&#'$%)?%$*+&708%>)9'-$%
+&'%X$'9%*)%8X#9'%'0'&8A%)(7>#f+7)0%.A%$*&X1*X&'%
&'.X#-9#08/%1)>.#0+*)&#+-%$#9'%1"+#0%(+1J#08/%+09%
*)&$#)0%$(+1'%>#0#>#f+7)06%L'5%>+($%+&'%8'0'&+*'9%
X$#08%("+$'%#0?)&>+7)0%?&)>%*"'%'0'&8AQ)(7>#f'9%
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[%&'$'+&1"%*'+>%-'9%.A%e#1"+'-%^#0'$%)?%o+-'%
;0#,'&$#*A%?)X09%*"+*%*"'%=''(%Z)>(X708%
e'$$+8#08%a&+>'5)&J%S=ZeaU%8+,'%*"&''Q?)-9%.'2'&%
('&?)&>+01'%*"+0%*"'%.'$*%eE:%#>(-'>'0*+7)06%
=Zea%$(#J'%1)>>X0#1+7)0%7>'%#$%0'8-#8#.-'%$#01'%
*&+0$>#$$#)0%),'&-+($%5#*"%1)>(X*+7)0%+09%#$%
"+09-'9%.A%+%9#&'1*%>'>)&A%+11'$$%1)0*&)--'&6%[--%
$#>X-+7)0$%5'&'%1+&&#'9%)X*%X$#08%*"'%L@;KBL%
k'&$#)0%N6I%$#>X-+7)0%(&)8&+>6

!"'%&'$'+&1"%*'+>%9#$1),'&'9%*"+*%#9'+-%('&?)&>+01'%
$1+-#08%5#--%.'%X-7>+*'-A%-#>#*'9%.A%#>.+-+01'%
.'*5''0%#01)>#08%(&)1'$$)&%$(#J'$%.'*5''0%
$A01"&)0#f+7)0%#0*'&,+-$6%!"X$/%1)X0*'&Q#0*X#7,'-A/%
>+G#>#f+7)0%)?%-)+9%.+-+01'%&'mX#&'$%*"+*%*"'%
9#$*&#.X7)0%)?%1'--$%)0%(&)1'$$)&$%$")X-9%0)*%&']'1*%
0'X&+-%0'*%+&1"#*'1*X&'%.X*%.'%&+09)>-A%9#$*&#.X*'9%$)%
*"+*%$'*$%)?%1'--$%5"#1"%+&'%.X&$*%D&#08%*)8'*"'&%$")X-9%
.'%)0%9#c'&'0*%(&)1'$$)&$%5#*"%*"'#&%*+&8'*$%)0%+$%
-+&8'%+%$'*%)?%(&)1'$$)&$%+$%()$$#.-'6%

Director’s Discretionary Allocation: 
NNR/RRR%^)X&$

Comparing Neuronal Spike Exchange Methods on the ALCF’s Blue Gene/P 

Contact ! Michael Hines
o+-'%;0#,'&$#*A%%y%%>#1"+'-6"#0'$WA+-'6'9X

:0%$#>X-+7)0$%)?%-+&8'Q$1+-'%$(#J#08%0'X&+-%0'*5)&J$/%
*"'%1)>(X*+7)0+-%X0#*$b0'X&)0$b8'0'&+*'%-)8#1+-%
','0*$b$(#J'$b*"+*%+&'%$'0*%*)%*")X$+09$%)?%
)*"'&%0'X&)0$%5#*"%1)0$*+0*%(&)(+8+7)0%9'-+A%*"+*%
1+0%.'%9#c'&'0*%?)&%9#c'&'0*%1)00'17)0$6%=X&#08%
7>'%#0*'&,+-$%.'*5''0%#0(X*%','0*$/%*"'%0'X&)0%#$%
*A(#1+--A%9'D0'9%.A%+%$A$*'>%)?%1)070X)X$%)&9#0+&A%
9#c'&'07+-%'mX+7)0$/%+-)08%5#*"%+%*"&'$")-9%9'*'1*)&/%
5"#1"%5+*1"'$%)0'%)?%*"'%$*+*'$%+09%9'*'&>#0'$%5"'0%
*"'%)X*(X*%','0*%#$%8'0'&+*'96%

a)&%0'X&+-%0'*5)&J%$#>X-+7)0$%)0%(+&+--'-%>+1"#0'$/%
#0*'&(&)1'$$)&%$(#J'%1)>>X0#1+7)0%1+0%.'%+%
$#80#D1+0*%()&7)0%)?%*"'%*)*+-%$#>X-+7)0%7>'6%!"'%
('&?)&>+01'%)?%$','&+-%$(#J'%'G1"+08'%>'*")9$%
X$#08%:0*&'(#9/%*"'%F-X'%Y'0'4E%$X('&1)>(X*'&%+*%
*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A/%"+$%
.''0%*'$*'9%5#*"%O%t%*)%PIO%t%1)&'$%X$#08%&+09)>-A%
1)00'1*'9%0'*5)&J$%)?%X(%*)%MI%e%1'--$%5#*"%
P%J%1)00'17)0$%('&%1'--%+09%V%e%1'--$%5#*"%PR%J%
1)00'17)0$%('&%1'--/%#6'6/%)0%*"'%)&9'&%)?%V%z%PRPR 
1)00'17)0$6%St%#$%PRIV/%e%#$%PRIVI/%+09%J%#$%PRRR6U

)31(%C#0*/8&%C#2+1:(1./%*+#(:#47UVW4#I0+*(%-0J#(%#XYZ[#&%#\</-#.(-+#:(1#0&.<8/'(%#1<%0#8/0'%C#@AA#.0F#5(.2#/%-#1<%#*(8<.%0#/1+#
&%#0+*(%-0F#6B+#5(%%#*(8<.%#1+:+10#3(#3B+#/M+1/C+#%<."+1#(:#*(%%+*'(%0#2+1#*+88F#6B+#][$^!88C/3B+1#.+3B(-#<0+-#/#"<_+1#0&H+#(:#>A#
*(.21+00+-#02&L+0F#6B+#][$^$0+%-#/%-#D5]O^]<8'*/03#.+3B(-0#<'8&H+#3B+#39(#2B/0+#/%-#39(#0<"&%3+1M/8#M/1&/%30F#6B+#V+*(1-`V+28/=#
.+3B(-#<'8&H+0#3B+#(%+#0<"&%3+1M/8#M/1&/%3F#$./C+#*1+-&3P#]&*B/+8#a&%+0?#b/8+#U%&M+10&3=F

biological sciences

Z)&'$ Z'--$ Z)00
eE:{[--8+*"'& eE:{:<'09 =Zea{eX-71+$* K'1)&9QK'(-+A

1)>( &X0 1)>( &X0 1)>( &X0 1)>( &X0

%Ot %%Ie %PJ H6NH N6OV II6M IV6` N6MR N6NV H6MR H6``%

PHt %%Ie %PJ V6RP T6VV PP6T PM6T M6HN V6RR M6PN M6HI%

MIt %%Ie %PJ M6RR V6H` T6`R N6VR P6OV I6RN P6TO P6`P%

HVt %%Ie %PJ I6`O T6RT I6ON V6IR R6`TN P6IT R6ORO P6RM%

PIOt %%Ie %PJ %QQQ %QQQ %QQQ %QQQ R6V`N R6HV R6VPN R6HRO%

%Ot P4Ve PRJ T6IM T6HV PO6T IP6T H6TR H6`R T6OP H6TO%

PHt P4Ve PRJ M6PH M6NO PP6P PV6H M6NH V6PO M6MT V6RN%

MIt P4Ve PRJ I6RV M6PP H6MN `6MN I6RV I6M` P6N` I6HV%

HVt P4Ve PRJ P6TO M6VN H6P` H6`` P6MH P6VI R6`VO P6NN%

PIOt P4Ve PRJ %QQQ %QQQ %QQQ %QQQ R6TNM R6N`` R6V`V P6M`%
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Protein-Ligand Interaction Simulations and Analysis
d#*"%+%>X-7QA'+&%:LZ:!@%+5+&9/%[09&'5%F#0J)5$J#/%
5#*"%*"'%Z'0*'&%?)&%<*&X1*X&+-%Y'0)>#1$%)?%:0?'17)X$%
=#$'+$'$/%[&8)00'%L+7)0+-%\+.)&+*)&A/%-'+9$%+%*'+>%
)?%&'$'+&1"'&$%X$#08%*"'%>X-7Q$*+8'%E&)*'#0%\#8+09%
:0*'&+17)0%[*-+$%1)>(X*+7)0+-%(#('-#0'%*)%1)09X1*%
+%1)>(&'"'0$#,'%+0+-A$#$%)?%(&)*'#0%.#09#08%9)>+#0%
+09%$>+--%>)-'1X-'%#0*'&+17)0$%#01-X9#08%&'1'(*)&%
+0+-A$#$/%(&)*'#0Q-#8+09%9)1J#08/%+09%.#09#08%?&''%
'0'&8A%1+-1X-+7)0$6%

:0%1)--+.)&+7)0%5#*"%'G('&#>'0*+-%&'$'+&1"'&$%+&)X09%
*"'%5)&-9/%F#0J)5$J#_$%*'+>%1)09X1*$%1)>(X*'&Q
+#9'9%9&X8%9#$1),'&A%)?%"#8"Q,+-X'%.#)>'9#1+-%*+&8'*$/%
#01-X9#08%"X>+0%(+*")8'0$/%.#)*'&&)&#$>%+8'0*$/%
+09%"X>+0%9#$'+$'Q&'-+*'9%(&)*'#0$6%!"'%(&'9#1*'9%
1)>(X*+7)0+-%&'$X-*$%+&'%,+-#9+*'9%'G('&#>'0*+--A6%
;$#08%wQ&+A%1&A$*+--)8&+("A/%*"'A%(&),#9'%+0%#>()&*+0*%
?''9.+1J%>'1"+0#$>%0'1'$$+&A%*)%',+-X+*'%*"'%
(&'9#17,'%()5'&%)?%.#)>)-'1X-+&%$#>X-+7)0$6%

INCITE Allocation:
TR%e#--#)0%^)X&$

biological sciences

Contact ! Andrew Binkowski
[&8)00'%L+7)0+-%\+.)&+*)&A%%y%%+.#0J)5$J#W+0-68),

!)%&+7)0+--A%9'$#80%9&X8$%*)%D8"*%)c%9#$'+$'$/%
$1#'07$*$%>X$*%D&$*%X09'&$*+09%")5%+%$>+--%>)-'1X-'%
#0*'&+1*$%5#*"%+%8#,'0%(&)*'#0%*+&8'*6%!"#$%(&)1'$$%#$%
*"'%.+$#$%)?%")5%9&X8$%5)&J%*"'&+('X71+--A%#0%)X&%
.)9#'$/%.A%+-*'&#08%)&%9#$&X(708%'$$'07+-%'0fA>'$%
&'mX#&'9%?)&%(+*")8'0$%*)%(&)-#?'&+*'6

[%?X09+>'0*+-%8)+-%)?%&'$'+&1"%#0%*"#$%+&'0+%#$%*)%
1)>(X*+7)0+--A%(&'9#1*%5"'*"'&%+%8#,'0%>)-'1X-'%
5#--%.#09%*)%+%*+&8'*%+09/%#?%$)/%5#*"%5"+*%+C0#*A6%
d"#-'%+%5'--Q9'D0'9%(+&+9#8>%'G#$*$%?)&%(&'9#1708%
*"'%+.#-#*A%)?%$>+--%>)-'1X-'$%*)%#0*'&+1*%5#*"%
+%(&)*'#0%$X&?+1'/%1X&&'0*%>'*")9$%"+,'%.)*"%
*"')&'71+-%+09%1)>(X*+7)0+-%-#>#*+7)0$6%[11'$$%
*)%-'+9'&$"#(Q1-+$$%1)>(X708%$A$*'>$/%-#J'%*"'%
&'$)X&1'$%+*%*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%
a+1#-#*A/%+--)5$%$1#'07$*$%*)%1)09X1*%$*X9#'$%X$#08%
"#8"-A%+9,+01'9/%("A$#1$Q.+$'9%>'*")9)-)8#'$/%
$X1"%+$%eeQYF<[%+09%a@E4e=QYZeZ/%5")$'%
(&)"#.#7,'%&X07>'$%"+,'%-#>#*'9%*"'#&%5#9'$(&'+9%
X$'6%:>(-'>'0708%*"'$'%>'*")9$%+09%>+J#08%*"'>%
>)&'%+11'$$#.-'%*)%&'$'+&1"'&$%5#--%+--)5%?)&%+%?X--'&%
+((-#1+7)0%)?%*"'%.#)-)8#1+-%+09%("+&>+1'X71+-%
(&)>#$'%*"+*%>)-'1X-+&%$#>X-+7)0%")-9$6%

61/%0C8<3/.&%/0+#+%H=.+0#B/M+#"++%#8&%L+-#3(#/#%<."+1#
(:#B<./%#-&0+/0+0?#&%*8<-&%C#*/%*+10?#'00<+#,"1(0&0?#/%-#
%+<1(-+C+%+1/'M+#/%-#/<3(&..<%+#-&0+/0+0F#c&13</8#0*1++%&%C#
21+-&*3+-#39(#0./88#*(.2(<%-0#3(#"&%-#3(#-&0'%*3?#"<3#
%+&CB"(1&%C?#0<1:/*+#*/M&'+0#(%#/#31/%0C8<3/.&%/0+#+%H=.+F#
51=03/88(C1/2B&*#+d2+1&.+%30#*(%,1.+-#3B+#21+-&*'(%0#I0B(9%#
B+1+J?#9B&*B#/1+#"+&%C#<0+-#3(#-+M+8(2#/#8/1C+1#*(.2(<%-#3B/3#
"1&-C+0#3B+#39(#:1/C.+%30F#$./C+#*1+-&3P#6F#!%-1+9#X&%L(90L&?#
[BFDF?#]&-9+03#5+%3+1#:(1#)31<*3<1/8#Y+%(.&*0#e#X&(0*&+%*+0#
D&M&0&(%?#!1C(%%+#4/'(%/8#f/"(1/3(1=g#5+%3+1#:(1#)31<*3<1/8#
Y+%(.&*0#(:#$%:+*'(<0#D&0+/0+0#e#5(.2<3/'(%#$%0'3<3+?#6B+#
U%&M+10&3=#(:#5B&*/C(F
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Research on Multiscale Blood Flow Models Named 
Gordon Bell Prize Finalist

5#*"%+%>)&'%&'+-#$71%(#1*X&'%)?%.-))9%])5/%+09%*"'%
8&'+*'$*%")('%?)&%*"'%9','-)(>'0*%)?%0'5%-#?'$+,#08%
*&'+*>'0*$%?)&%$X1"%.-))9Q&'-+*'9%9#$'+$'$%+$%.&+#0%
+0'X&#$>$/%$#1J-'Q1'--%+0'>#+/%+09%1'&'.&+-%>+-+&#+6%

t+&0#+9+J#$_$%8)+-%#$%*)%'0"+01'%*"'%+.#-#*A%*)%
1"+&*%*"'%.'"+,#)&%)?%#09#,#9X+-%&'9%.-))9%1'--$%
+09%#>(&),'%(&'9#17,'%1+(+.#-#7'$%#0%>'9#1+-%
(&)1'9X&'$6%!"'%*'+>%#$%+-$)%9','-)(#08%$)s5+&'%
+09%+-8)&#*">$%('&*+#0#08%*)%.-))9%])5%?)&%('*+$1+-'%
$X('&1)>(X*'&$6

e+#0%&'$'+&1"%+11)>(-#$">'0*$%*)%9+*'%+&'3% 
S#U%$#>X-+7)0%)?%#0#7+-%$*+8'$%)?%1-)*%?)&>+7)0r% 
S##U%$#>X-+7)0%)?%.-))9%])5/%+09%"'+-*"A%+09%9#$'+$'9%
&'9%.-))9%1'--$%SKFZ$U%+*%9#c'&'0*%$*+8'$%)?%1'&'.&+-%
>+-+&#+%+09%$#1J-'%1'--%+0'>#+r%S###U%>)9'-#08%)?%*"'%
8-A1)1+-AG%-+A'&/%5"#1"%(-+A$%+0%#>()&*+0*%&)-'%#0%
(&)*'1708%*"'%+&*'&#+-%5+--r%+09%S#,U%>)9'-#08%)?%*"'%
>#1&)1#&1X-+7)0%+09%9#$*&#.X7)0%)?%KFZ$%#0%oQ$"+('9%
.#?X&1+708%+&*'&#'$6

INCITE Allocation: 
TR%e#--#)0%^)X&$

biological sciences

Contact !"George Karniadakis 
F&)50%;0#,'&$#*A%%y%%8')&8'{J+&0#+9+J#$W.&)506'9X

[%&'$'+&1"%'09'+,)&%?)1X$'9%)0%>X-7$1+-'%.&+#0%
.-))9%])5%$#>X-+7)0$%-'9%.A%Y')&8'%t+&0#+9+J#$%
?&)>%F&)50%;0#,'&$#*A%"+$%.''0%0+>'9%+%Y)&9)0%
F'--%E&#f'%D0+-#$*b)0'%)?%D,'%D0+-#$*$%$'-'1*'9%*"#$%
A'+&6%[9>#0#$*'&'9%.A%*"'%[$$)1#+7)0%)?%Z)>(X708%
e+1"#0'&A%S[ZeU/%*"'%E&#f'%#$%+5+&9'9%+00X+--A%
*)%&'1)80#f'%)X*$*+09#08%+1"#','>'0*%#0%"#8"Q
('&?)&>+01'%1)>(X708%+((-#1+7)0$6%

!)%*&'+*%9#$'+$'$%#0,)-,#08%9#$&X(7)0$%)?%.-))9%])5%
*)%*"'%.&+#0/%9)1*)&$%>X$*%D&$*%X09'&$*+09%")5%
>X-7(-'%$1+-'$%)?%.-))9%,'$$'-%0'*5)&J$%5)&J%5#*"#0%
*"'%.&+#0/%.)*"%+-)0'%+09%*)8'*"'&6%ZX&&'0*-A/%*"'%
&'$'+&1"'&$%+&'%X$#08%*"'%$X('&1)>(X708%&'$)X&1'$%
+*%*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A%S[\ZaU%
*)%1)09X1*%+0%:LZ:!@%(&)q'1*%?)1X$'9%)0%1&'+708%
n>X-7$1+-'p%>)9'-$%*"+*%$")5%*"'%#0*'&1)00'1*'9%
5)&J#08$%)?%>X-7(-'%$1+-'$%)?%*"'%.&+#0_$%.-))9%
,'$$'-$6%!"'%$#>X-+7)0$%X$'%eK:%9+*+%)?%+1*X+-%
(+7'0*$%?)&%8'0'&+708%*"'%8')>'*&A%+09%>'$"'$%
)?%*"'%,+$1X-+*X&'6%!"'%&'$'+&1"%#$%+0%'G*'0$#)0%
)?%+0%'+&-#'&%[\Za%=#$1&'7)0+&A%(&)q'1*/%#0%5"#1"%
*"'%&X0$%5'&'%1)09X1*'9%?)&%t+&0#+9+J#$_$%Y)&9)0%
F'--%$X.>#$$#)06%eX-7$1+-'%>)9'-$%(&),#9'%9)1*)&$%

!#G(9#(:#B+/83B=#I1+-J#/%-#
-&0+/0+-#I"8<+J#"8((-#*+880#
9&3B#/#D&00&2/'M+#[/1'*8+#
D=%/.&*0#.+3B(-F
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Simulation and Modeling of Membranes’ Interactions 
with Unstructured Proteins 

!"'%*'+>_$%'G(-)&+7)0%)?%()&'%?)&>+7)0%#0%
.+1*'&#+-%>'>.&+0'$%>+A%+-$)%A#'-9%+0$5'&$%*)%
(&).-'>$%+$$)1#+*'9%5#*"%'0,#&)0>'0*+-%5+$*'%.A%
&'9X1#08%&+9#)0X1-#9'$b+*)>$%*"+*%'>#*%"+&>?X-%
&+9#)+17,#*Ab+09%'-#>#0+708%'0,#&)0>'0*+-%5+$*'%
*"&)X8"%+.$)&(7)06%d)&J#08%5#*"%$1#'07$*$%#0%
;J&+#0'/%*"'%*'+>%#$%)&8+0#f#08%+0%#0#7+7,'%#0%5"#1"%#*%
5#--%1)09X1*%'G('&#>'0*+-%,+-#9+7)0%)?%'c)&*$%*)%1-'+0%
&+9#)0X1-#9'$%?&)>%5+*'&%#0%Z"'&0).A-6%

!)%*"#$%'09/%*"'%&'$'+&1"'&$%+&'%.X#-9#08%+%(&)8&+>%
(+1J+8'%?)&%*"'%$*X9A%)?%(&)*'#0$_%+88&'8+7)0%+09%
#0*'&+17)0%5#*"%>'>.&+0'$6%!"#$%$'*%)?%(&)8&+>$%
5#--%"'-(%'mX#(%?X*X&'%&'$'+&1"%*'+>$%*)%$*X9A%)*"'&%
.#)>'9#1+-%+09%'0,#&)0>'0*+-%(&).-'>$%#0%5"#1"%*"'%
>'>.&+0'%1)0*+1*%)?%(&)*'#0$%#$%#0,)-,'96%

INCITE Allocation: 
V%e#--#)0%^)X&$

biological sciences

Contact !"Igor Tsigelny
;0#,'&$#*A%)?%Z+-#?)&0#+g<+0%=#'8)%%y%%#*$#8'-0WX1$96'9X

K'$'+&1"'&$%-'9%.A%:8)&%!$#8'-0A%?&)>%*"'%;0#,'&$#*A%
)?%Z+-#?)&0#+g<+0%=#'8)%S;Z<=U%+&'%$''J#08%*)%
X09'&$*+09%5"A%$)>'%(&)*'#0$%+88&'8+*'%+09%
5"+*%$*&X1*X&+-%)&%$'mX'01'%?'+*X&'$%>+A%#01&'+$'%
*"'#&%(&)('0$#*A%*)%9)%$)/%")5%(&)*'#0$%('0'*&+*'%
>'>.&+0'$%*)%?)&>%()&'Q-#J'%$*&X1*X&'$/%+09%5"+*%
&)-'%(&)*'17,'%>)-'1X-'$%(-+A%#0%#0]X'01#08%(&)*'#0%
+88&'8+7)06%!"'%D09#08$%)?%*"#$%$*X9A%)c'&%#>()&*+0*%
#>(-#1+7)0$%?)&%#9'07?A#08%*"'%>)-'1X-+&%.+$#$%)?%
E+&J#0$)0_$%9#$'+$'%+09%'c'17,'%5+A$%*)%*&'+*%#*6

!"&)X8"%>)9'-#08%)0%:0*&'(#9/%*"'%:Fe%F-X'%
Y'0'4E%$X('&1)>(X*'&%+*%*"'%[&8)00'%\'+9'&$"#(%
Z)>(X708%a+1#-#*A/%*"'%*'+>%"+$%(&)9X1'9%*"&''%
9&X8%1+09#9+*'$%5#*"%"#8"%()*'07+-%?)&%*&'+708%*"'%
9#$'+$'%.A%$*)((#08%)&%(&','0708%()&'%?)&>+7)06%
@+1"%*"')&'71+-%9'$#80%5+$%*'$*'9%#0%*"'%-+.)&+*)&A%
+09%?)X09%*)%.'%'c'17,'6%E+*'0*$%?)&%+--%*"&''%9&X8%
1+09#9+*'$%+&'%('09#086

<#>X-+7)0$%1)09X1*'9%.A%*"'%;Z<=%$1#'07$*$%+-$)%
"+,'%$")50%*"'%1-'+&%1&'+7)0%)?%+00X-+&%(&)*'#0%
+88&'8+*'$%*"+*%1+0%('0'*&+*'%*)%*"'%.+1*'&#+-%
>'>.&+0'$%+09%1&'+*'%*"'%()&'$%#0%*"'>6%<X1"%
()&'$%+&'%)('0%?)&%+.$)&(7)0%)?%&+9#)0X1-#9'$6%

W%+#(:#3B+#0+8+*3+-#]D#*(%:(1.+10#(:#]**7hi@#.&*1(*&%#&0#/%/8=H+-# 
"=#3B+#21(C1/.#]![!)#:(1#3B+#.+."1/%+`*(%3/*'%C#0<1:/*+#8(*/'(%F#6B+#21+-&*3+-#
(1&+%3/'(%#(%#3B+#.+."1/%+#0<1:/*+#&0#0B(9%F#6B&0#2(0&'(%#&0#<0+-#:(1#.(-+8&%C#(:#2(00&"8+#
(8&C(.+1&H/'(%#(:#3B&0#.&*1(*&%#9&3B#:<13B+1#2(1+#*1+/'(%#&%#"/*3+1&/8#.+."1/%+0FF 
$./C+#*1+-&3P#b<1&=#)B/1&L(M#/%-#$C(1#60&C+8%=?#D+2/13.+%3#(:#4+<1(0*&+%*+0?#U5)DF



9

p r o p e l l i n g  i n n o v a t i o n  i n  s c i e n c e
e

a
rly

 s
c

ie
n

c
e

 p
ro

g
ra

m

NAMD – The Engine for Large-Scale Classical MD Simulations 
of Biomolecular Systems Based on a Polarizable Force Field

<*+09+&9%S0)0Q*"&'+9'9U%L[e=%"+$%.''0%()&*'9%
*)%F-X'%Y'0'4l%.A%&'$'+&1"'&$%+*%:Fe%?)&%#0#7+-%
*'$*$6%[%*"&'+9'9%,'&$#)0%"+$%.''0%9','-)('9%.A%*"'%
!"')&'71+-%+09%Z)>(X*+7)0+-%F#)("A$#1$%Y&)X(%
)?%*"'%F'1J>+0%:0$7*X*'%?)&%[9,+01'9%<1#'01'%+09%
!'1"0)-)8A%+*%*"'%;0#,'&$#*A%)?%:--#0)#$/%;&.+0+Q
Z"+>(+#806%[$%+%$*'((#08%$*)0'%*)%F-X'%Y'0'4l/%
('&?)&>+01'%+0+-A$#$%)?%*"'%*"&'+9'9%L[e=%#$%X09'&%
5+A%)0%F-X'%Y'0'4E6%=','-)(>'0*%5#--%1)070X'%)0%
F-X'%Y'0'4l%"+&95+&'%+$%#*%.'1)>'$%+,+#-+.-'6

Early Science Program Allocation:
OR%e#--#)0%^)X&$

biophysics

Contact ! Benoit Roux
!"'%;0#,'&$#*A%)?%Z"#1+8)%%y%%&)XGWX1"#1+8)6'9X

6=2&*/8#*(%,C<1/'(%#(:#/#8&2&-#"&8/=+1#.+."1/%+#0(8M/3+-#"=#/#
0/83#0(8<'(%F#!#2(8/1&H/"8+#:(1*+#,+8-#&0#+00+%'/8#:(1#.+/%&%C:<8#
0&.<8/'(%0#(:#0<*B#/#0=03+.F

Z-+$$#1+-%$#>X-+7)0$%)?%.#)>)-'1X-+&%$A$*'>$%
+&'%1&#71+-%#0%-#?'%$1#'01'$6%L[e=%#$%+%?&''/%"#8"Q
('&?)&>+01'%1)9'%X$'9%*)%8'0'&+*'%*"'$'%$#>X-+7)0$6%
[$%('*+$1+-'%&'$)X&1'$%.'1)>'%+,+#-+.-'/%&'$'+&1"'&$%
+#>%*)%'0+.-'%*"'%0'G*%-','-%)?%$#>X-+7)0%>'*")9$%
+09%$1#'07D1%mX'$7)0$/%+09%*)%'0$X&'%L[e=%
('&?)&>+01'%+1&)$$%(-+|)&>$6%!)%'0"+01'%*"'%
$+>(-#08%'C1#'01A%.'A)09%*"+*%)?%.&X*'Q?)&1'%
>)-'1X-+&%9A0+>#1$%Se=U%$#>X-+7)0$/%&'$'+&1"'&$%
5#--%#>(-'>'0*%$','&+-%+9,+01'9%$*&+*'8#'$%.+$'9%)0%
>X-7(-'%1)(#'$/%$X1"%+$%&'(-#1+Q'G1"+08'%e=%SK@e=U%
+094)&%^+>#-*)0#+0Q*'>('&#08%S^QK@e=6%F'1+X$'%
*"'%mX+-#*A%+09%+11X&+1A%)?%*"'%()*'07+-%?X017)0%#$%
1&#71+-%?)&%>'+0#08?X-%e=%$#>X-+7)0$/%&'$'+&1"'&$%
5#--%#>(-'>'0*%+%0'5%+--Q+*)>%()-+&#f+.-'%?)&1'%D'-9%
?)&%(&)*'#0$/%0X1-'#1%+1#9$/%+09%-#(#9$/%&'(&'$'0708%*"'%
$*+*'Q)?Q*"'Q+&*%?)&%0'G*Q8'0'&+7)0%$#>X-+7)0%$*X9#'$%
#0%1)>(X*+7)0+-%.#)("A$#1$%+09%1"'>#$*&A6%!"'%?)&1'%
D'-9%5#--%.'%8'0'&+--A%$X(()&*'9%.A%L[e=/%#01-X9#08%
)0%*"'%:Fe%F-X'%Y'0'4l6%[$%$X1"/%#*%5#--%.'%+%*))-%)?%
X0(&'1'9'0*'9%+11X&+1A%+09%)0'%)?%8&'+*%X$'%*)%*"'%
'07&'%$1#'07D1%1)>>X0#*A6

!"'%(&)q'1*%5#--%#01-X9'%$#>X-+7)0$%1),'&#08%+%5#9'%
&+08'%)?%1+0)0#1+-%+09%0)0Q1+0)0#1+-%=L[%+09%KL[%
>)-'1X-'$%?)&%5"#1"%+%5'+-*"%)?%'G('&#>'0*+-%9+*+%
'G#$*$6%K'$'+&1"'&$%5#--%+-$)%'G+>#0'%*"'%('&?)&>+01'%
)?%*"'%0'5%?)&1'%D'-9%?)&%+%$X#*'%)?%J'A%(&).-'>$%
+.)X*%#)0$/%('(79'$/%(&)*'#0$/%+09%-#(#9%>'>.&+0'$/%
5"'&'%#09X1'9%()-+&#f+7)0%#$%+071#(+*'9%*)%.'%
1&#71+-6
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Performing the Largest Unstructured Large-Eddy Simulation 
of a Real, Full Combustion Chamber 

1&#71+-%()#0*%*"+*%5+$%,+-#9+*'9%9X&#08%*"'%<*+0?)&9%
Z'0*'&%?)&%!X&.X-'01'%K'$'+&1"%SZ!KU%IRPR%<X>>'&%
E&)8&+>6%[%$'1)09%>'$"%#09'('09'01A%,+-#9+7)0%
5+$%('&?)&>'9/%.X*%*"#$%7>'%#*%X$'9%+%$#>(-'&/%
*5)Q("+$'Q])5%$#08-'%.X&0'&%5#*"%*"&''%-','-$%)?%
&'D0'>'0*%SVQ/%OQ/%+09%PHQ>#--#)0%'-'>'0*$U6%K'$'+&1"%
&'$X-*$%+&'%?'+*X&'9%#0%+%&'1'0*%(+('&/%n;$#08%\@<%
*)%<*X9A%K'+1708%a-)5$%+09%:0$*+.#-#7'$%#0%[00X-+&%
Z)>.X$7)0%Z"+>.'&$/p%(X.-#$"'9%#0%O8(9#6<1"<8+%*+#
e#5(."<0'(%?%<(&#08'&%<1#'01'%}%FX$#0'$$%e'9#+/%
<'(*'>.'&%IRPP6%@,+-X+7)0%)?%*"'%X0.+-+01'%
).$'&,'9%#0%\+8&+08#+0%$#>X-+7)0$%&'>+#0$%*)%.'%
('&?)&>'96

INCITE Allocation:
PR%e#--#)0%^)X&$

chemistry

Contact ! Thierry Poinsot
Z@Ka[Z<%%y%%!"#'&&A6()#0$)*W1'&?+1$6?&

!"'%#01&'+$'%)?%1)>(X*'&%()5'&%"+$%+--)5'9%$1#'01'%
*)%>+J'%#>()&*+0*%$*&#9'$%#0%+%,+&#'*A%)?%9)>+#0$%
$X1"%+$%(-+$>+%$*X9#'$/%.#)>'1"+0#1$/%+09%>)-'1X-+&%
9A0+>#1$6%d#*"%+11'$$%*)%*"'%:LZ:!@%(&)8&+>/%
&'$'+&1"'&$%?&)>%Z@Ka[Z<%S*"'%@X&)('+0%Z'0*&'%
?)&%K'$'+&1"%+09%[9,+01'9%!&+#0#08%#0%<1#'07D1%
Z)>(X*+7)0U%"+,'%.''0%+.-'%*)%('&?)&>%*)(Q)?Q*"'Q
-#0'%mX+-#*A%$#>X-+7)0$%)0%"#8"-A%1)>(-'G%1+$'$%#0%
*"'#&%8)+-%*)5+&9$%*"'%?X--A%0X>'&#1+-%>)9'-#08%)?%+%
&'+-%1)>.X$*)&6

!"#$%&'$'+&1"%#$%?)1X$'9%)0%\+&8'%@99A%<#>X-+7)0%
S\@<U%)?%8+$%*X&.#0'%'08#0'$%5#*"%*"'%#01-X$#)0%)?%
-#mX#9%("+$'%("'0)>'0+6%Z@Ka[Z<%"+$%('&?)&>'9%
$#>X-+7)0$%+09%,+-#9+7)0%)?%*5)Q("+$'%])5%
'G('&#>'0*$6%:0%(+&+--'-/%*+J#08%+9,+0*+8'%)?%*"'%
-'+9'&$"#(Q1-+$$%1)>(X*'&%+,+#-+.-'%+*%*"'%[&8)00'%
\'+9'&$"#(%Z)>(X708%a+1#-#*A/%*"'%&'$'+&1"'&$%"+,'%
('&?)&>'9%*"'%-+&8'$*%X0$*&X1*X&'9%\@<%9)0'%*)%
9+*'%)?%+%&'+-/%?X--%1)>.X$7)0%1"+>.'&%SMMR%>#--#)0%
'-'>'0*$U%)0%>)&'%*"+0%PHt%1)&'$6%!"#$%$#>X-+7)0%
1)0*&#.X*'$%*)%*"'%,+-#9+7)0%)?%*"'%\@<%+((&)+1"%
5"'0%9'+-#08%5#*"%1)>.X$7)0%#0$*+.#-#7'$6%:0%*"'$'%
1+$'$/%*"'%'c'1*$%)?%>'$"%&'D0'>'0*%+&'%+%"#8"-A%

O&+8-0#(:#3+.2+1/3<1+#/%-#21+00<1+?#/8(%C#9&3B#031+/.#8&%+0#/%-#
/#3+.2+1/3<1+#&0(0<1:/*+#1+21+0+%'%C#3B+#G/.+?#/1+#0B(9%#
&%#/#EEA`.&88&(%`+8+.+%30#0&.<8/'(%#(:#/#*(.28+3+#B+8&*(23+1#
*(."<0'(%#*B/."+1#2+1:(1.+-#(%#3B+#$X]#X8<+#Y+%+Z[#/3#3B+#
!f5OF#$./C+#*1+-&3P#[&+11+#T(8:?#6<1"(.+*/#/%-#57VO!5)F
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Potential Energy Surfaces for Simulating Complex 
Chemical Processes 

a)&%'G+>(-'/%+%$*+*'Q+,'&+8'9%1)>(-'*'%+17,'%$(+1'%
$'-?Q1)0$#$*'0*%D'-9%SZ[<<ZaU%$#08-'Q()#0*%'0'&8A%
1+-1X-+7)0%)?%*"'%Z+WZHR%$A$*'>%S*"'%n.X1JA.+--p%
?X--'&'0'%#0*'&+1708%5#*"%+%$#08-'%Z+%+*)>U%&X00#08%
)0%O/P`I%1)&'$%)0%:0*&'(#9/%*"'%F-X'%Y'0'4E%
$X('&1)>(X*'&%+*%*"'%[\Za/%*+J'$%)0-A%~VR%>#0X*'$6%
!"#$%7>'%#$%*5#1'%+$%?+$*%+$%*"'%$+>'%1+-1X-+7)0%
X$#08%*"'%$*+09+&9%,'&$#)0%)?%*"'%Y[e@<<%1)9'6%!"#$%
9#c'&'01'%#$%$#80#D1+0*%1)0$#9'&#08%*"+*%*A(#1+--A%
&'$'+&1"'&$%0''9%*)%&X0%"X09&'9$%)?%$X1"%1+-1X-+7)0$6%
!"'%&'$'+&1"'&$%'G('1*%+0%','0%8&'+*'&%#>(&),'>'0*%
#0%*"'%('&?)&>+01'%?)&%.#88'&%(&).-'>$%S'686/%+%-+&8'&%
5+,'%?X017)0%+094)&%-+&8'&%>)-'1X-+&%$A$*'>U6

INCITE Allocation: 
PT%e#--#)0%^)X&$

chemistry

Contact !"Don Truhlar
;0#,'&$#*A%)?%e#00'$)*+%%y%%*&X"-+&WX>06'9X

\+&8'Q$1+-'%'-'1*&)0#1%$*&X1*X&'%*"')&A%1+0%(&),#9'%
()*'07+-%'0'&8A%$X&?+1'$%+09%?)&1'%D'-9$%?)&%
$#>X-+708%1)>(-'G%1"'>#1+-%(&)1'$$'$%#>()&*+0*%?)&%
*'1"0)-)8A%+09%.#)-)8#1+-%1"'>#$*&A6%!"#$%*"')&A%1+0%
&','+-%*"'%9'*+#-$%)?%*"'$'%(&)1'$$'$6%[0%'$('1#+--A%
#>()&*+0*%1"+--'08'%#$%*)%).*+#0%+11X&+*'%'0'&8#'$%
+09%$*+7)0+&A%()#0*$%?)&%$A$*'>$%5")$'%'-'1*&)0#1%
$*&X1*X&'%#$%1)>(-'G6

=X&#08%*"#$%(+$*%A'+&/%;0#,'&$#*A%)?%e#00'$)*+%
&'$'+&1"'&$%'G*'09'9%*"'#&%5)&J%*)%-+&8'&%$A$*'>$b
>'*+--)?X--'&'0'$6%F+$#1+--A/%*"'A%+&'%1)09X1708%
1+-1X-+7)0$%*)%9'*'&>#0'%5"+*%$*&X1*X&+-%?+1*)&$%>+J'%
*"'%>'*+--)?X--'&'0'$%5)&J%+$%>)-'1X-+&%'-'1*&)0#1%
$5#*1"'$6%a&)>%.)*"%+%?X09+>'0*+-/%*"')&'71+-%()#0*%
)?%,#'5%+09%+%(&+171+-%)0'/%#*%#$%'$$'07+-%*)%D09%*"'%
'0'&8A%>#0#>+%+09%$+99-'%()#0*$%+09%*)%>+(%*"'%
*)()8&+("A%)?%*"'%$'+>$%)?%1)0#1+-%#0*'&$'17)0$%#0%
*"'$'%?+$1#0+708%$A$*'>$6%

<*+c%+*%*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A%
S[\ZaU%5)&J'9%5#*"%*"'%(&)q'1*%*'+>%*)%#>(&),'%*"'%
('&?)&>+01'%)?%*"'%J'A%+-8)&#*">%eZ<Za%S>X-7Q
1)0D8X&+7)0+-%$'-?Q1)0$#$*'0*%D'-9U%#0%*"'%Y[e@<<%
1)9'6%!"#$%#>(&),'>'0*%'0+.-'9%*"'%&'$'+&1"'&$%*)%
('&?)&>%-+&8'Q$1+-'9%1+-1X-+7)0$%,'&A%'C1#'0*-A6

V+0+/1*B+10#2+1:(1.+-#)!`5!))5O#*/8*<8/'(%0#(:#Xj5RA—
"(1(%#/3(.#&%0&-+#3B+#:<88+1+%+#*/C+#0B(9%#B+1+F#6B+#"(1(%#
/3(.#(**<2&+0#/#0B/88(9#+%+1C=`.&%&.<.#k(_#*+%3+1l#-<+#3(#
*B/1C+#31/%0:+1#:1(.#3B+#"(1(%#/3(.#3(#3B+#*/0+#9/88F#O(1#3B+0+#
*/8*<8/'(%0?#!f5O#*/3/8=03#(%#3B+#21(m+*3?#Y1/B/.#O8+3*B+1?#
-+M+8(2+-#/#M+10&(%#(:#3B+#Y!]7))#*(-+#:(1#$%31+2&-#3B/3#1<%0#
39&*+#/0#:/03#/0#3B+#03/%-/1-#M+10&(%#(:#Y!]7))F# 
$./C+#*1+-&3P#W0/%%/#6&0*B+%L(?#U%&M+10&3=#(:#]&%%+0(3/F
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INCITE Allocation:
PR%e#--#)0%^)X&$

Predicting Bulk Properties of Water Systems 

chemistry

Contact ! Theresa Windus
[>'$%\+.)&+*)&A%%y%%*"'&'$+WD6+>'$-+.68),

[>'$%\+.)&+*)&A%&'$'+&1"'&$%+&'%X$#08%"#8"QmX+-#*A%
'-'1*&)0#1%$*&X1*X&'%*"')&A/%$*+7$71+-%>'1"+0#1+-%
>'*")9$/%+09%>+$$#,'-A%(+&+--'-%1)>(X*'&$%*)%(&'9#1*%
.X-J%(&)('&7'$%)?%5+*'&%$A$*'>$%*"+*%&'mX#&'%"#8"%
D9'-#*A6%!"#$%>)-'1X-+&Q$1+-'%1"+--'08'%#$%)?%1&#71+-%
#>()&*+01'%*)%0+7)0+-%$1#'07D1%#$$X'$%$X1"%+$%8-).+-%
5+&>#08%+09%*"'%'0,#&)0>'0*6

!"'%&'$'+&1"%X09'&%5+A%#$%*+&8'708%,'&A%-+&8'%
$A$*'>$%5")$'%$#f'$%1+0%)0-A%.'%+99&'$$'9%5#*"%
>+$$#,'%1)>(X*+7)0+-%&'$)X&1'$6%!"'%&'$'+&1"'&$%
+&'%X$#08%Y[e@<<%+09%LdZ"'>%1)9'$%#0%$#>X-+7)0$%
)0%:0*&'(#9/%*"'%:Fe%F-X'%Y'0'4E%")X$'9%+*%*"'%
[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A%S[\ZaU6%F)*"%
1)9'$%+&'%5#*")X*%mX'$7)0%*"'%*5)%>)$*%.&)+9-A%
9#$*&#.X*'9%$1+-+.-'%'-'1*&)0#1%$*&X1*X&'%$A$*'>$6%!"'%
&'$'+&1"%#$%?)1X$'9%)0%X09'&$*+09#08%*"'%>)-'1X-+&Q
-','-%9A0+>#1$%)?%5+*'&/%*"'%?)&>+7)0%)?%+'&)$)-$%
#>()&*+0*%#0%1-)X9%?)&>+7)0/%+09%*"'%#0*'&+17)0$%)?%
9'09&#>'&$%5#*"%-#8+09$%)?%'0,#&)0>'0*+-%#>()&*+01'6%
:0%'+1"%)?%*"'$'%+((-#1+7)0$/%*"'%X09'&-A#08%
&'$'+&1"%#$%$'i08%+%0'5%$*+09+&9%?)&%*"'%(&'9#17,'%
1)>(X*+7)0%)?%.X-J%(&)('&7'$6%

\+&8'%1-X$*'&$%)?%5+*'&%+&'%0)5%+>'0+.-'%*)%
>)-'1X-+&%9A0+>#1$%$#>X-+7)0$%5#*"%*"'%-+&8'%
#>(&),'>'0*$%*"+*%"+,'%.''0%>+9'%#0%*"'%a&+8>'0*%
e)-'1X-+&%B&.#*+-%SaeBU%>'*")9%#0%Y[e@<<6%Y&+"+>%
a-'*1"'&%+*%*"'%[\Za%"+$%.''0%#0$*&X>'0*+-%#0%>+J#08%
*"'$'%#>(&),'>'0*$6%[$%*"'%&'$X-*$%.'-)5%$")5/% 
MI%&+1J$%)?%*"'%FY4E%$A$*'>%1+0%.'%,'&A%'c'17,'-A%
X$'9%?)&%*"'$'%$#>X-+7)0$6

>?A@h#9/3+1#.(8+*<8+0 
#&%#/#8/n*+#*(%,C<1/'(%F# 

$./C+#*1+-&3P#Y+(1C+#)*B(+%-(1_?# 
$(9/#)3/3+#U%&M+10&3=F

6B+#2+1:(1./%*+#(:#O]W@`][@#:(1*+#*/8*<8/'(%0#(%#$%31+2&-?#3B+#X8<+#Y+%+Z[#0=03+.#/3#3B+#!f5OF#6B+#/3(.&*#"/0&0#0+3#&0#/<C`**`2cDoF

K+1J$3 P I V O PH MI

Z)&'$3 V/R`H O/P`I PH/MOV MI/NHO HT/TMH PMP/RNI

Waters [*)>$
F+$#$%

aX017)0$
d+--%!#>'%S>#0X*'$U

PIO MOV T/TRV O6H V6O I6N P6O

ITH NHO PP/RRO P`6O PR6T T6O M6V I6I

TPI PTMH II/RPH IO6` PT6V O6H V6` M6I

PRIV MRNI VV/RMI VP6P II6R PI6I N6P
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ite&'$)X&1'$%*)%('&?)&>%D&$*Q(&#01#(-'$/%&'+17,'%])5%

L+,#'&Q<*)J'$%]X#9%9A0+>#1%$#>X-+7)0$%)?%==!6%
!"'$'%'G*&'>'-A%9'*+#-'9%1)>(X*'&%>)9'-$%+--)5%
&'$'+&1"'&$%*)%$+?'-A%$*X9A%")5%"A9&)8'0%.X&0$6%
;-7>+*'-A/%*"#$%J0)5-'98'%>+A%"'-(%>+J'%"A9&)8'0%+%
,#+.-'%?X'-%+-*'&0+7,'%?)&%()5'&#08%,'"#1-'$%+09%)*"'&%
#09X$*&#+-%+((-#1+7)0$6

INCITE Allocation: 
PO%e#--#)0%^)X&$

Simulations of Deflagration-to-Detonation Transition in Reactive Gases

chemistry

Contact ! Alexei Khokhlov
!"'%;0#,'&$#*A%)?%Z"#1+8)%%y%%+qJW)99q).6X1"#1+8)6'9X

^A9&)8'0%#$%*"'%>)$*%+.X09+0*%'-'>'0*%#0%*"'%
X0#,'&$'6%:*%#$%+0%'0,#&)0>'0*+--A%?&#'09-A/%1-'+0%
?X'-%*"+*%"+$%*"'%()*'07+-%*)%&'9X1'%*"'%0+7)0_%$%
9'('09'01'%)0%?)&'#80%)#-/%#>(&),'%*"'%'0,#&)0>'0*/%
+09%.))$*%)X&%'1)0)>A6%!"'%1"+--'08'%5#*"%"A9&)8'0%
?X'-%#$%.&#08#08%#*%$+?'-A%#0*)%)X&%','&A9+A%-#,'$6%!"#$%
?X'-%#$%,'&A%'0'&8'71%+09%(&)0'%*)%+11#9'0*$6%:0%
1'&*+#0%1)09#7)0$/%+%"A9&)8'0Q)GA8'0%>#G*X&'%1+0%
&'+1*%,#)-'0*-A%+09%9'*)0+*'6%!"#$%#$%+%$'&#)X$%(&).-'>%
#0%0X1-'+&%&'+1*)&%$+?'*A%+$%5'--6

!"'%(&)1'$$%)?%*&+0$#7)0%?&)>%$-)5%.X&0#08%*)%+%
9'*)0+7)0%#$%1+--'9%+%9']+8&+7)0Q*)Q9'*)0+7)0%
*&+0$#7)0%)&%==!6%E&'9#1708%==!%#0%,+&#)X$%
1)>.X$7)0%$'i08$%&'>+#0$%+0%)X*$*+09#08%
1)>.X$7)0%*"')&A%(&).-'>6%\'9%.A%[-'G'#%t")J"-),%
5#*"%!"'%;0#,'&$#*A%)?%Z"#1+8)/%*"'%^#8"%<(''9%
Z)>.X$7)0%+09%='*)0+7)0%S^<Z=U%(&)q'1*%X$'$%
[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A%S[\ZaU%

)B(*L#"&:<1*/'(%#/%-#-+M+8(2.+%3#(:#/#3<1"<8+%3#1+*&1*<8/'(%#
1+C&(%#"+B&%-#/#1+G+*3+-#0B(*L#&%#a@`W@F#6B&0#1+C&(%#./=# 

28/=#/%#&%2(13/%3#1(8+#&%#DD6#"+B&%-#/#1+G+*3+-#0B(*LF# 
$./C+#*1+-&30P#!F#pB(LB8(M#/%-#XF#58&_(1-#IU5B&*/C(J?#;F#!<0'%# 

/%-#!F#p%&0+8=#IU$U5J?#5F#X/*(%#/%-#)F#!&3B/8#I!4fJF
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#$%5'--%$X#*'9%?)&%*"'%X(('&Q-','-%-)8#1%)?%>+0A%
(&)$('17,'%'G+$1+-'%+((-#1+7)0$%&+08#08%?&)>%1-#>+*'%
>)9'-%+0+-A$#$%*)%>)-'1X-+&%.#)-)8A%*)%X01'&*+#0*A%
mX+07D1+7)0%+09%%'G*&'>'Q$1+-'%'0$'>.-'%$*X9#'$6%

t'A%+11)>(-#$">'0*$%*)%9+*'%#01-X9'%*"'%?)--)5#083%
The ;+30%(&)*)*A('%'G*'09'9%*"'%>+0AQ*+$J%>)9'-%*)%
+%"A.&#9%./%=`2/1/88+8%SeE:U%*+$J%>)9'-6%!"'%6<1"&%+ 
(&)*)*A('/%X$#08%[=\F/%$")5'9%'01)X&+8#08%$1+-+.#-#*A%
+09%1)0D&>'9%*"+*%'G+$1+-'%('&?)&>+01'%8)+-$%+&'%
&'+1"+.-'6%!"'%!]7%n+0A$1+-'p%>+0AQ*+$J%'08#0'%
+09%$*)&'%>'+$X&'9%F-X'%Y'0'4E%$1+-#08%+09%9+*+%
'G1"+08'%*)%*"'%PH%tQ1)&'%-','-6%](0/)3(1+ on the 
F-X'%Y'0'4E%+09%)*"'&%1-X$*'&$%#$%1&'+708%+%>)9'-%)?%
+%,#&*X+-%9+*+%$*)&'6%K'$'+&1"'&$%+&'%+-&'+9A%',+-X+708%
@Ge%*))-$%)0%*"&''%$1#'01'%+((-#1+7)0$%S'+&*"mX+J'%
$#>X-+7)0/%#>+8'%(&)1'$$#08/%+09%(&)*'#04KL[%
#0*'&+17)0U6%a)&%>)&'%9'*+#-$%+.)X*%*"'%(&)q'1*/% 
,#$#*%*"'%@Ge%(&)q'1*%5'.$#*'%S"2(3445556>1$6+0-6
8),4'G>U6

Director’s Discretionary Allocation: 
M%e#--#)0%^)X&$

ExM: System Support for Extreme-Scale, Many-Task Applications

computer science

Contact ! Michael Wilde
[&8)00'%L+7)0+-%\+.)&+*)&A%%y%%5#-9'W>1$6+0-68),

@G+$1+-'%1)>(X*'&$%5#--%'0+.-'%+09%9'>+09%
0'5%(&).-'>%$)-,#08%>'*")9$%*"+*%#0,)-,'%>+0A%
1)01X&&'0*/%#0*'&+1708%*+$J$6%KX00#08%$X1"%n>+0AQ
*+$Jp%+((-#1+7)0$%'C1#'0*-A/%&'-#+.-A/%+09%'+$#-A%)0%
'G*&'>'Q$1+-'%1)>(X*'&$%#$%1"+--'08#086%<A$*'>%
$)s5+&'%9'$#80'9%?)&%*)9+A_$%>+#0$*&'+>/%$#08-'%
(&)8&+>%>X-7(-'%9+*+%S<Ee=U%1)>(X*+7)0$%9)'$%
0)*%*A(#1+--A%$1+-'%*)%*"'%9'>+09$%)?%>+0AQ*+$J%
+((-#1+7)0$6

e#1"+'-%d#-9'/%e+*"'>+71$%+09%Z)>(X*'&%<1#'01'%
=#,#$#)0/%[&8)00'%L+7)0+-%\+.)&+*)&A/%#$%-'+9#08%*"'%
@Ge%(&)q'1*%*)%(&)9X1'%+9,+01'$%#0%1)>(X*'&%$1#'01'%
+09%X$+.-'%>#99-'5+&'%*"+*%'0+.-'%*"'%'C1#'0*%+09%
&'-#+.-'%X$'%)?%'G+$1+-'%1)>(X*'&$%?)&%0'5%1-+$$'$%)?%
+((-#1+7)0$6%!"'%(&)q'1*%5#--%.)*"%+11'-'&+*'%+11'$$%*)%
'G+$1+-'%1)>(X*'&$%?)&%#>()&*+0*%'G#$708%+((-#1+7)0$%
+09%?+1#-#*+*'%*"'%.&)+9'&%X$'%)?%-+&8'Q$1+-'%(+&+--'-%
1)>(X708%.A%0'5%+((-#1+7)0%1)>>X0#7'$%?)&%5"#1"%
#*%#$%1X&&'0*-A%)X*%)?%&'+1"6%

!"'%8)+-$%)?%*"'%@Ge%(&)q'1*%+&'%*)%+1"#','%*"'%
*'1"0#1+-%+9,+01'$%&'mX#&'9%*)%'G'1X*'%>+0AQ
*+$J%+((-#1+7)0$%'C1#'0*-A/%&'-#+.-A/%+09%'+$#-A%)0%
('*+$1+-'%+09%'G+$1+-'%?+1#-#7'$6%@Ge%&'$'+&1"'&$%+&'%
9','-)(#08%>#99-'5+&'%*"+*%5#--%'0+.-'%0'5%(&).-'>%
$)-,#08%>'*")9$%+09%+((-#1+7)0%1-+$$'$%)0%*"'$'%
'G*&'>'Q$1+-'%$A$*'>$6%!)%+99&'$$%*"'$'%9'>+09$/%
*"'%@Ge%(&)q'1*%#$%9'$#80#08/%9','-)(#08/%+((-A#08/%
+09%',+-X+708%*5)%0'5%$A$*'>%$)s5+&'%1)>()0'0*$3%
*"'%@Ge%9+*+%$*)&'%+09%@Ge%(+&+--'-%',+-X+*)&6%!"'%
9+*+%$*)&'%X7-#f'$%.)*"%>'>)&AQ.+$'9%D-'$A$*'>$%
+09%9#$*&#.X*'9%"+$"%*+.-'$%*)%?+1#-#*+*'%9+*+%'G1"+08'%
.'*5''0%*+$J$6%!"'%(+&+--'-%',+-X+*)&%.&'+J$%9)50%
$1+-+.#-#*A%.+&&#'&$%.A%('&>#i08%+0%X0(&'1'9'0*'9%
&+*'%)?%*+$J%1&'+7)0%+09%>+0+8'>'0*%)('&+7)0$%
#0%$X(()&*%)?%*"'%<5#s%?X017)0+-%9+*+Q])5Q.+$'9%
(&)8&+>>#08%>)9'-%S"2(34455561#6X1"#1+8)6'9X4
$5#sU6%!"#$%#>(-#1#*-A%(+&+--'-%(&)8&+>>#08%>)9'-%

6B+#7d]#2/1/88+8#-/3/`G(9#21(C1/.#+M/8</3(1#/%-#M&13</8#
-&031&"<3+-#-/3/#03(1+#/1+#*1+/'%C#3B+#3/0L#./%/C+.+%3#/%-#
-/3/#+d*B/%C+#0*/8/"&8&3=#%++-+-#3(#0<22(13#+d/0*/8+#/228&*/'(%0F#
$./C+#*1+-&3P#7d]#21(m+*3#3+/.F

Many-task
application

Task graph
executor

Graph executor

Graph executor

Graph executor

Ultra-fast task
distribution

Extreme-scale
computing complex

Compute node

Virtual data store

Global persistent
storage
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How Can More Intricate Climate Models Help Curb Global Warming?
;$#08%[\Za%&'$)X&1'$/%ZZ@<%#$%+9,+01#08%1-#>+*'%
$1#'01'%*"&)X8"%.)*"%+88&'$$#,'%>)9'-%9','-)(>'0*%
+17,#*A%+09%+0%'G*'0$#,'%$X#*'%)?%1-#>+*'%$#>X-+7)0$%
*)%1)&&'1*-A%$#>X-+*'%*"'%8-).+-%1+&.)0%1A1-'%+09%#*$%
?''9.+1J%*)%*"'%1-#>+*'%$A$*'>/%#01-X9#08%#*$%,+&#+.#-#*A%
+09%>)9X-+7)0%.A%)1'+0%+09%-+09%'1)$A$*'>$6

K'$'+&1"'&$%+&'%*'$708%+%0'5/%"#8"-A%$1+-+.-'%>'*")9%
?)&%$)-,#08%*"'%]X#9%9A0+>#1$%)?%*"'%+*>)$("'&'%?)&%
X$'%#0%?X*X&'%1-#>+*'%$#>X-+7)0$6%!"#$%>)9'-/%1+--'9%
^Bee@/%"+$%&X0%5#*"%+%&'$)-X7)0%+$%"#8"%+$%P4Oth%)?%+%
9'8&''%)?%-+7*X9'%)0%>)&'%*"+0%OR/RRR%1)&'$6

L'G*/%&'$'+&1"'&$%5#--%X$'%^Bee@%*)%('&?)&>%
$*+09+&9%1-#>+*'%>)9'-%.'01">+&J%$#>X-+7)0$%?)&%
1)>(+&#$)0$%5#*"%)*"'&%>)9'-$6%!"'A%5#--%+-$)%*'$*%*"'%
0'5%,'&$#)0%)?%*"'%Z)>>X0#*A%@+&*"%<A$*'>%e)9'-%
)0%*"'%[\Za_$%F-X'%Y'0'4E6

INCITE Allocation:
VR%e#--#)0%^)X&$

earth science

Contact !"Warren Washington
L+7)0+-%Z'0*'&%?)&%[*>)$("'&#1%K'$'+&1"%%y%%5>5WX1+&6'9X

!"'%'c'1*$%)?%1-#>+*'%1"+08'%+&'%+((+&'0*%#0%
9'8&+9#08%+#&%mX+-#*A/%#0*'0$#D'9%*&)(#1+-%$*)&>$/%+09%
*"'%&'$X-708%9'$*&X17)0%)?%1)&+-%&''?$%*"+*%(&)*'1*%
*"'%1)+$*$%?&)>%'&)$#)0%+09%9'$*&X17,'%5+,'$6%Y-).+-%
5+&>#08%#01&'+$'$%*"'%)11X&&'01'%)?%9&)X8"*$/%"'+*%
5+,'$/%5#-9D&'$/%+09%]))9$6%<1#'07$*$%>X$*%#>(&),'%
*"'%X09'&$*+09#08%)?%*"'%#>(+1*%)?%8-).+-%5+&>#08%$)%
*"+*%$)1#'*A%1+0%)(7>+--A%+99&'$$%1-#>+*'%+9+(*+7)0%
1)0$#9'&+7)0$6

[9,+01'9%1)>(X*+7)0/%-#J'%*"+*%()$$#.-'%)0%*"'%F-X'%
Y'0'4E%+*%*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A%
S[\ZaU/%+--)5$%&'$'+&1"'&$%+*%*"'%=B@%-+.)&+*)&#'$%+09%
L+7)0+-%Z'0*'&%?)&%[*>)$("'&#1%K'$'+&1"%SLZ[KU%*)%
9','-)(%>)&'%1)>(-'G%+09%#0*&#1+*'%1-#>+*'%>)9'-$6%
!"'%,#*+-%#0?)&>+7)0%*"'$'%#>(&),'9%>)9'-$%(&),#9'%
5#--%"'-(%8X#9'%'0,#&)0>'0*+-%()-#1A6

!"'%='(+&*>'0*%)?%@0'&8A%+5+&9$%+--)1+7)0$%)?%
1)>(X708%&'$)X&1'$%?)&%1-#>+*'%$*X9#'$%+1&)$$%
>X-7(-'%-+.)&+*)&#'$%*"&)X8"%*"'%:LZ:!@%(&)8&+>6%:0%
*X&0/%*"'%Z-#>+*'%<1#'01'%Z)>(X*+7)0+-%@09%<*+7)0%
SZZ@<U%)&8+0#f'$%+09%1))&9#0+*'$%*"'$'%1)>(X*+7)0+-%
'c)&*$6

6(3/8#21+*&2&3/"8+#9/3+1?#/#.+/0<1+#(:#B(9#.<*B#.(&03<1+#&0#&%#3B+#/&1#:1(.#/#0&%C8+#.(.+%3#&%#'.+#&%#3B+#C8("/8#0&.<8/'(%#
(:#3B+#/3.(02B+1+#/3#/#1+0(8<'(%#(:#B/8:#/#-+C1++#(:#8/'3<-+F#$./C+#*1+-&3P#]/1L#6/=8(1?#)/%-&/#4/'(%/8#f/"(1/3(1&+0F
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[%*'+>%)?%&'$'+&1"'&$%-'9%.A%<X$+0%tX&#'0%?&)>%
\)$%[-+>)$%L+7)0+-%\+.)&+*)&A%#$%X$#08%*"'%
$X('&1)>(X*'&%+*%*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%
a+1#-#*A%*)%#>(&),'%1-#>+*'%>)9'-$6%t0)5-'98'%)?%
$>+--Q$1+-'%("A$#1$%5#--%+#9%?X*X&'%$*X9#'$%#0%&'8#)0+-%
>)9'-$/%$X1"%+$%*")$'%)?%*"'%YX-?%)?%e'G#1)%)&%*"'%
[&171%.+$#0/%+09%#01&'+$'%*"'%+11X&+1A%)?%8-).+-%
1-#>+*'%(&'9#17)0$%),'&%-)08%('&#)9$%)?%7>'6%

INCITE Allocation: 
MT%e#--#)0%^)X&$

Improving Models Used to Predict Global Climate Change

earth science

Contact ! Susan Kurien 
\)$%[-+>)$%L+7)0+-%\+.)&+*)&A%%y%%$JX&#'0W-+0-68),

<*+09#08%)0%*"'%$")&'$%)?%+%&+8#08%&#,'&/%#*_$%'+$A%*)%
?)&8'*%")5%$X1"%+%()5'&?X-%?)&1'%)?%0+*X&'%.'8#0$%
"X>.-A%X(&#,'&%5"'&'%$','&+-%$>+--%1&''J$%+09%
$*&'+>$%])5%*)8'*"'&6%FX*%*)%+11X&+*'-A%(&'9#1*%")5%
*"'%>#8"*A%&#,'&_$%1)X&$'%5#--%1"+08'%),'&%7>'/%9'*+#-$%
+.)X*%*"'%$)X&1'$%*"+*%?''9%#*/%0)%>+2'&%")5%$>+--/%
.'1)>'%#>()&*+0*6%

!"'%$+>'%#$%*&X'%#0%$*X9A#08%8-).+-%1-#>+*'%1"+08'b
$>+--%9'*+#-$%>+2'&6%<1#'07$*$%X$'%1)>(X*'&%>)9'-$%
*)%$#>X-+*'%+09%$*X9A%*"'%?+1*)&$%*"+*%+c'1*%*"'%
.+-+01'%.'*5''0%)1'+0$%+09%+*>)$("'&'6%!"'%
>)&'%()5'&?X-%*"'%1)>(X*'&/%*"'%>)&'%9'*+#-'9%
*"'$'%1-#>+*'%>)9'-$%.'1)>'/%+09%*"'%.'2'&%*"'#&%
(&'9#17,'%1+(+.#-#*A6%d#*"%+11'$$%*)%+%$X('&1)>(X*'&/%
*"'$'%>)9'-$%1+0%.'8#0%*)%1+(*X&'%n$>+--Q$1+-'p%
("A$#1$%*"+*%X-7>+*'-A%"+,'%+%.#8%#>(+1*%)0%1-#>+*'%
1"+08'6%

T&3B#/**+00#
3(#0<2+1*(.2<3+10?#
1+0+/1*B+10#/3#9(1L#(%#.(-+80#
3(#21+-&*3#C8("/8#*8&./3+#*B/%C+#/1+#/"8+#3(#
/**(<%3#:(1#3B+#"&C#+_+*30#(:#G<&-#G(90#(**<11&%C#(%#
/#0./88#0*/8+F#$%#3B&0#&./C+?#1+0+/1*B+10#0++#B(9#0./88#0*/8+0?#
&%#:/*3?#-+M+8(2#/%#&%3+1+0'%C#8/=+1+-#031<*3<1+?#&%-&*/3+-#"=#G<&-#08(0B&%C#
"/*L#/%-#:(13B#I1+-#.(M&%C#3(#3B+#1&CB3#/%-#"8<+#.(M&%C#3(#3B+#8+qJF# 
$./C+#*1+-&3P#6B+#&./C+#9/0#21(-<*+-#"=#)<0/%#p<1&+%#(:#f(0#!8/.(0#4/'(%/8#f/"(1/3(1=#
<0&%C#!f5Or0#7<1+L/#-/3/#/%/8='*0#*8<03+1#/%-#[/1/c&+9F
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!"'%&'$'+&1"%5+$%?'+*X&'9%+*%+%L+7)0+-%<1#'01'%
a)X09+7)0%SL<aU%^+f+&9$%K'$'+&1"%@G()%")$*'9%.A%
*"'%L<a%)0%<'(*'>.'&%H/%IRPP%#0%d+$"#08*)0/%=Z6%
!"'%'G"#.#*%"#8"-#8"*'9%&'$X-*$%?&)>%*"'%>)9'-#08%
'c)&*%)?%*"'%)#-Q8+$%(-X>'%+09%#*$%9#$('&$#)0%+09%
?'+*X&'9%$*X00#08%,#$X+-#f+7)0$%)?%*"'%0X>'&#1+-%
$#>X-+7)0$6%

!"#$%&'$'+&1"%5+$%1&#71+-%#0%).*+#0#08%>+q)&%?X09#08%
*)%?X&*"'&%'G+>#0'%*"'%)#-%$(#--6%!"'%YX-?%)?%e'G#1)%
K'$'+&1"%:0#7+7,'%#$%?X09#08%'#8"*%&'$'+&1"%1)0$)&7+%
?)&%�PPI6T%>#--#)0%),'&%*"&''%A'+&$%*)%$X(()&*%
&'$'+&1"%*"+*%5#--%#0,'$78+*'%*"'%?+*'%)?%('*&)-'X>%
#0%*"'%'0,#&)0>'0*%?&)>%*"'%=''(5+*'&%^)&#f)0/%
*"'%#>(+1*$%)?%*"'%$(#--/%+09%*"'%9','-)(>'0*%)?%
0'5%*))-$%+09%*'1"0)-)8A%?)&%&'$()09#08%*)%?X*X&'%
$(#--$%+09%#>(&),#08%>#78+7)0%+09%&'$*)&+7)06%!"'%
;0#,'&$#*A%)?%e#+>#%#$%*"'%-'+9%#0$7*X7)0%)0%*"'%
Z)0$)&7X>%?)&%[9,+01'9%K'$'+&1"%)0%*"'%!&+0$()&*%
)?%^A9&)1+&.)0$%#0%*"'%@0,#&)0>'0*%SZ[K!^@Ur%
!+>+A%�f8�J>'0%#$%$'&,#08%+$%*"'%-'+9%#0,'$78+*)&6

Director’s Discretionary Allocation: 
I6M%e#--#)0%^)X&$

Oil Plume Behavior in a Stratified and Rotating Ocean

earth science

Contact ! Tamay Özgökmen
;0#,'&$#*A%)?%e#+>#%%y%%*)f8)J>'0W&$>+$6>#+>#6'9X

[%J'A%>A$*'&A%?)&%$1#'07$*$%#$%X09'&$*+09#08%*"'%])5%
(+2'&0$/%>#G#08%.'"+,#)&/%$X&?+1'%(&'$'01'/%+09%
9#$*&#.X7)0%)?%.X)A+0*%(-X>'$%#0%+%$*&+7D'9%+09%
&)*+708%'0,#&)0>'0*%$X1"%+$%*"'%)1'+06%t0)5-'98'%
)?%*"#$%.'"+,#)&%#$%9#&'1*-A%+((-#1+.-'%*)%X09'&$*+09#08%
")5%*"'%=''(5+*'&%^)&#f)0%)#-%$(#--%9#$*&#.X*'9%5#*"#0%
*"'%YX-?%)?%e'G#1)6%<*X9A#08%*"'%.'"+,#)&%)?%.X)A+0*%
(-X>'$/%-#J'%*")$'%)?%*"'%$(#--/%1)X-9%1)&&'-+*'%*"'%
).$'&,+7)0$%)?%)#-%)0%*"'%)1'+0%$X&?+1'%5#*"%*"'%
+>)X0*%)?%)#-%*"+*%+1*X+--A%$(#--'96

!+>+A%�f8�J>'0%?&)>%*"'%;0#,'&$#*A%)?%e#+>#/%#0%
1)--+.)&+7)0%5#*"%[&8)00'%L+7)0+-%\+.)&+*)&A%
&'$'+&1"'&$/%#$%9)#08%*"'%D&$*Q','&%$#>X-+7)0$%)?%
*"'%.X)A+0*%(-X>'$%#0%+%$*&+7D'9%+09%&)*+708%
'0,#&)0>'0*6%!"#$%(&)q'1*%X$'$%L'JTRRR/%+0%
+((-#1+7)0%*)%5"#1"%*"'%[&8)00'%\'+9'&$"#(%
Z)>(X708%a+1#-#*A%"+$%1)0*&#.X*'9%$#80#D1+0*-A/%
#01-X9#08%+1"#',#08%P`�%)?%('+J%)0%IHI%t%1)&'$6%
!"'%&'$'+&1"%5#--%#>(&),'%*"'%+.#-#*A%)?%',+-X+708%
)#-%&'-'+$'%+*%X09'&5+*'&%9&#--#08%$#*'$%+09%('&"+($%
>#78+*'%1)0$'mX'01'$%+*%*"'%$X&?+1'6

:0#7+-%&'$X-*$%$")5'9%*"+*%#*%1+0%.'%9#C1X-*%?)&%*"'%
(-X>'%*)%1&)$$%$*&+7D1+7)0%.+&&#'&$%1+X$'9%.A%
(&'$$X&'%+09%*'>('&+*X&'%,+&#+7)0$6%[99#7)0+-%
&'$X-*$%$")5'9%.'"+,#)&%)?%*"'%(-X>'%+s'&%*"'%
$(#--%5+$%$"X*%)c6%aX&*"'&%$*X9#'$%5#--%mX+07*+7,'-A%
'G(-)&'%*"'%9#$('&$#)0%.'"+,#)&%+09%&)*+7)0+-%
.'"+,#)&%)?%*"'%(-X>'6

)&-+#M&+9#(:#/#"<(=/%3#28<.+#&%3+1/*'%C#
9&3B#(*+/%#G(90#%+/1#3B+#0<1:/*+F#
4(3+#3B+#M+1'*/8#*(B+1+%*+#(:#
3B+#28<.+#/%-#&%/"&8&3=#3(#*1(00#
3B+#"/0+#(:#3B+#(*+/%&*#0<1:/*+#
.&d+-#8/=+1F#$./C+#*1+-&3P#6/./=#
sHCtL.+%?#U%&M+10&3=#(:#]&/.&g#
[/<8#O&0*B+1#/%-#!8+L0#W"/"L(?##
!1C(%%+#4/'(%/8#f/"(1/3(1=g#
/%-#a/%L#5B&8-0?#f/91+%*+#
f&M+1.(1+#4/'(%/8#f/"(1/3(1=F
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!"#&*''0%>#--#)0%1)&'Q")X&$%+&'%.'#08%X$'9%)0%
:0*&'(#9/%*"'%[\Za%F-X'%Y'0'4E%$A$*'>/%*)%$#>X-+*'%
.)*"%*"'%&'1)&9Q.&'+J#08%IRRT%"X&&#1+0'%$'+$)0%+09%
5#0*'&%$*)&>$%)?%IRRT4IRRH/%X$#08%V%J>%8&#9%$(+1#08%
?)&%+%&'8#)0%1),'&#08%*"'%'07&'%L)&*"%[*-+071%F+$#0%
+09%>)$*%)?%L)&*"%[>'&#1+6

!"'%'G('&#'01'%8+#0'9%+*%+%&'$)-X7)0%*"+*%#$%$'*%*)%
.'%*"'%$*+09+&9%?)&%*"'%0'G*%8'0'&+7)0%)?%&'8#)0+-%
1-#>+*'%>)9'-$%&'(&'$'0*$%+0%'$$'07+-%$*'(%*)5+&9$%
)X&%),'&+&1"#08%8)+-%*)%.'2'&%mX+07?A%"#8"Q#>(+1*%
5'+*"'&%X09'&%1-#>+*'%,+&#+.#-#*A%+09%1"+08'6%!"#$%
5#--%+9,+01'%)X&%X09'&$*+09#08%)?%@+&*"_$%1-#>+*'%?)&%
0+7)0+-%'>'&8'01#'$%+09%.&)+9'0%*"'%1)>>X0#*A%
)?%&'$'+&1"'&$%1+(+.-'%)?%X$#08%-'+9'&$"#(%1)>(X708%
&'$)X&1'$6

Director’s Discretionary Allocation: 
PM%e#--#)0%^)X&$

Simulating Regional Climate at Convection-Permitting Resolution

earth science

Contact ! James Done
L+7)0+-%Z'0*'&%?)&%[*>)$("'&#1%K'$'+&1"%%y%%9)0'WX1+&6'9X

K'$'+&1"'&$%+*%*"'%L+7)0+-%Z'0*'&%?)&%[*>)$("'&#1%
K'$'+&1"%SLZ[KU%+09%*"'%[&8)00'%\'+9'&$"#(%
Z)>(X708%a+1#-#*A%S[\ZaU%+&'%X$#08%*"'%L'$*'9%
K'8#)0+-%Z-#>+*'%e)9'-%SLKZeU%)0%*"'%[\Za_$%
F-X'%Y'0'4E%*)%9'>)0$*&+*'%*"'%)(()&*X0#7'$%+09%
1"+--'08'$%)?%$#>X-+708%&'8#)0+-%1-#>+*'%+*%$XC1#'0*%
&'$)-X7)0%*)%&'$)-,'%#09#,#9X+-%*"X09'&$*)&>%
1#&1X-+7)0$6

!"'%5)&J%#$%$X(()&*'9%.A%*"'%L+7)0+-%<1#'01'%
a)X09+7)0%+09%*"'%d#--#$%K'$'+&1"%L'*5)&J%+09%
(&),#9'$%+%*")&)X8"%*'$*%)?%1)0,'17)0Q('&>#i08%
&'$)-X7)0%)0%1-#>+*'%7>'$1+-'$%5#*"%(+&71X-+&%
?)1X$%)0%"#8"Q#>(+1*%5'+*"'&%+09%1-#>+*'6%[0+-A$#$%
5#--%?)1X$%)0%("'0)>'0+%*"+*%"+,'%"#8"%$'0$#7,#*A%
*)%>)9'-%&'$)-X7)0/%#01-X9#08%5+*'&Q$0)5(+1J%
+$$'$$>'0*$%?)&%*"'%>#9Q%+09%5'$*'&0%;6<6/%5#09%
'0'&8A%+$$'$$>'0*$/%+09%"#8"Q#>(+1*%','0*$%$X1"%+$%
5#0*'&%$*)&>$%+09%"X&&#1+0'$6%

)%/20B(3#(:#/#0&.<8/3+-#
B<11&*/%+#/3#h#L.#C1&-#02/*&%C#
<0&%C#3B+#4+03+-#V+C&(%/8#
58&./3+#](-+8#/3#h#L.F#TB&3+#
0B/-&%C#&0#0&.<8/3+-#0/3+88&3+#
&./C+1=?#/%-#/11(90#&%-&*/3+#
031+/.8&%+0#(:#+M+%8=#02/*+-#
0++-0#03/1'%C#/3#uAA#.+3+10#
/"(M+#3B+#C1(<%-?#*(8(1+-#"=#
/8'3<-+F#$./C+#*1+-&3P#;/.+0#
D(%+?#45!V#7/13B#)=03+.#
f/"(1/3(1=F#$./C+1=#21(-<*+-#
"=#c![WV#I999FM/2(1F<*/1F+-<J?#
/#21(-<*3#(:#3B+#5(.2<3/'(%/8#
$%:(1./'(%#)=03+.0#f/"(1/3(1=#
/3#3B+#4/'(%/8#5+%3+1#:(1#
!3.(02B+1&*#V+0+/1*BF



19

p r o p e l l i n g  i n n o v a t i o n  i n  s c i e n c e
in

c
ite

Using Supercomputers to Improve Seismic Hazard Maps
:>(&),'9%$'#$>#1%"+f+&9%>+($%"+,'%.&)+9%0+7)0+-%
#>(+1*$6%[11'$$%*)%-'+9'&$"#(Q1-+$$%$X('&1)>(X708%
?+1#-#7'$/%-#J'%*"'%)0'%"'&'%+*%[&8)00'/%>+J'$%*"#$%
5)&J%()$$#.-'6%

INCITE Allocation: 
PR%e#--#)0%^)X&$

earth science

Contact !"Thomas Jordan 
<)X*"'&0%Z+-#?)&0#+%@+&*"mX+J'%Z'0*'&%%y%%*q)&9+0WX$16'9X

!"'%;6<6%Y')-)8#1+-%<X&,'A%(&)9X1'$%1)-)&Q1)9'9%
L+7)0+-%<'#$>#1%^+f+&9%>+($%*"+*%'$7>+*'%")5%
$'#$>#1%"+f+&9$%,+&A%8')8&+("#1+--A6%F'1+X$'%*"'%
$'#$>#1%"+f+&9%#0?)&>+7)0%)0%*"'$'%>+($%#$%)?%
,#*+-%#>()&*+01'%?)&%.X$#0'$$'$/%1)&()&+7)0$/%
8),'&0>'0*$/%+09%)*"'&%(X.-#1%()-#1A%)&8+0#f+7)0$/%
&'8X-+&%#>(&),'>'0*$%+09%X(9+*'$%+&'%1&#71+-6%

[0%#0*'&9#$1#(-#0+&A%*'+>%-'9%.A%!")>+$%j)&9+0%+*%
*"'%<)X*"'&0%Z+-#?)&0#+%@+&*"mX+J'%Z'0*'&%S<Z@ZU%#$%
X$#08%>#--#)0$%)?%$X('&1)>(X*'&%")X&$%+*%*"'%[&8)00'%
\'+9'&$"#(%Z)>(X708%a+1#-#*A%S[\ZaU%*)%$#>X-+*'%
'+&*"mX+J'%8&)X09%>)7)0$%?)&%X$'%#0%1)0$*&X1708%
.'2'&%$'#$>#1%"+f+&9%>+($6%[-&'+9A/%*"#$%8&)X(%"+$%
X$'9%9'*+#-'9%*"&''Q9#>'0$#)0+-%>)9'-$%)?%'+&*"_$%
1&X$*%*)%).*+#0%$#>X-+7)0Q.+$'9%$'#$>#1%"+f+&9%>+($%
?)&%<)X*"'&0%Z+-#?)&0#+6%j)&9+0_$%&'$'+&1"%8&)X(%"+$%
+-$)%$#>X-+*'9%n5)&$*Q1+$'p%'+&*"mX+J'%$1'0+&#)$%
?)&%Z+-#?)&0#+%*"+*%+--)5%$1#'07$*$%*)%'$7>+*'%
$'#$>#1%"+f+&9$%?)&%&+&'/%.X*%()$$#.-'/%'+&*"mX+J'$%#0%
Z+-#?)&0#+%)?%>+80#*X9'$%)?%O6R%)&%-+&8'&6%

6B&0#UF)F#Y+(8(C&*/8#)<1M+=#0+&0.&*#B/H/1-#
./2#0B(90#3B+#./d&.<.#8+M+8#(:#0B/L&%C#

+d2+*3+-#3(#(**<1#(%*+#&%#/"(<3#uAA#=+/10?#
9&3B#9/1.+1#1+-#1+C&(%0#+d2+*3+-#3(#

+d2+1&+%*+#3B+#031(%C+03#0B/L&%CF#)575r0#
+/13Bv</L+#0=03+.#0*&+%*+#1+0+/1*B#

21(C1/.#<0+0#B&CB`2+1:(1./%*+#
*(.2<'%C#3(#&.21(M+#21("/"&8&0'*#

0+&0.&*#B/H/1-#./20#8&L+#3B+0+F#$./C+#
*1+-&3P#UF)F#Y+(8(C&*/8#)<1M+=#)+&0.&*#
a/H/1-#]/2#I@AAQJ#0B(9&%C#[+/L#
Y1(<%-#!**+8+1/'(%0#I[Y!J#9&3B#

[1("/"&8&3=#(:#7d*++-/%*+# 
(:#@w#&%#uA#=+/10F
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energy technologies

Advanced Reactor Thermal Hydraulic Modeling
>'1"+0#1+-%?+78X'%#0%-#8"*%5+*'&%&'+1*)&$6%K'$X-*$%
5'&'%1)>(+&'9%+8+#0$*%'G('&#>'0*$%1)09X1*'9%?)&%
*"'%.'01">+&J6

<*+c%5)&J'9%5#*"%*"'%(&)q'1*%*'+>%?&)>%[&8)00'%
L+7)0+-%\+.)&+*)&A%+09%\+5&'01'%F'&J'-'A%L+7)0+-%
\+.)&+*)&A%*)%'0+.-'%*"'%L'JTRRR%1)9'%*)%$1+-'%X(%
*)%PHM/OVR%1)&'$%)0%:0*&'(#9/%*"'%:Fe%F-X'%Y'0'4E%
$A$*'>%+*%*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A%
S[\ZaU6%!"#$%5+$%-','&+8'9%#0%+%5)&J$")(%X$#08%*"'%
jX'-#1"%FY4E/%5"'&'%P`�%)?%('+J%5+$%&'+-#f'9%)0%
IHI/RRR%1)&'$6%KX0$%?&)>%*"#$%(&)q'1*%&+0J'9%D&$*%)?%
I`%#0%*'>('&+*X&'%+09%$#G*"%#0%,'-)1#*A6%!"#$%5+$%+%
>+q)&%,'&#D1+7)0%+09%,+-#9+7)0%'c)&*6

[$%+%&'$X-*%)?%*"#$%$X11'$$/%*"'%(&)q'1*%#$%+.-'%*)%
>),'%?)&*"%5#*"%#*$%"#'&+&1"#1+-%>)9'-#08%$*&+*'8A%#0%
5"#1"%('*+$1+-'%$#>X-+7)0$/%.+1J'9%X(%.A%9'*+#-'9%
'G('&#>'0*+-%9+*+/%+&'%X$'9%*)%,+-#9+*'%9'$#80%$1)(#08%
$#>X-+7)0$%('&?)&>'9%5#*"%K[L<%SK'A0)-9$Q+,'&+8'9%
L+,#'&%<*)J'$U%+09%$X.1"+00'-%1)9'$6

INCITE Allocation: 
IT%e#--#)0%^)X&$

Contact ! Paul Fischer
[&8)00'%L+7)0+-%\+.)&+*)&A%%y%%D$1"'&W>1$6+0-68),

[9,+01'9%0X1-'+&%&'+1*)&$%+&'%+%J'A%*'1"0)-)8A%?)&%
(&),#9#08%()5'&%+*%+%&'+$)0+.-'%1)$*%+09%5#*"%+%
-)5%1+&.)0%?))*(&#0*6%!"#$%:LZ:!@%(&)q'1*%#$%?)1X$'9%
)0%+0+-A$#$%)?%*"'&>+-Q"A9&+X-#1$%S"'+*%*&+0$?'&%
+09%1))-+0*%])5U%#0%0'G*Q8'0'&+7)0%$)9#X>Q%+09%
8+$Q1))-'9%0X1-'+&%&'+1*)&$6%!"'%(&)q'1*%$#>X-+7)0$%
$(+0%+%.&)+9%&+08'%)?%>)9'-#08%$1+-'$6%[0%#>()&*+0*%
&)-'%?)&%*"'%1)>(X*'Q#0*'0$#,'%$#>X-+7)0$%#$%*)%
(&),#9'%,+-#9+7)0%9+*+%?)&%-)5'&Q1)$*%&'+1*)&%9'$#80%
$#>X-+7)0$%.+$'9%)0%&'9X1'9Q)&9'&%>)9'-$%)&%
$X.1"+00'-%1)9'$6%:0%*"'%(+$*/%'G('&#>'0*$%(&),#9'9%
*"'%)0-A%+11'$$#.-'%$)X&1'%?)&%9'*+#-'9%,+-#9+7)0%)?%
9'$#80%1)9'$6%d#*"%('*+$1+-'%&'$)X&1'$/%#*%#$%0)5%
()$$#.-'%*)%'C1#'0*-A%+09%$#80#D1+0*-A%+X8>'0*%*"'%
'G('&#>'0*+-%(+&+>'*'&%$(+1'%*"&)X8"%$#>X-+7)06

[$%(+&*%)?%+%5)&-95#9'%,+-#9+7)0%'c)&*%?)&%0X1-'+&%
$#>X-+7)0%1)9'$/%*"'%LX1-'+&%@0'&8A%[8'01A4
B&8+0#f+7)0%?)&%@1)0)>#1%Z)Q)('&+7)0%+09%
=','-)(>'0*%SL@[4B@Z=U%1)09X1*'9%+%.-#09Q
.'01">+&J%$*X9A%#0%IRPR6%E+&71#(+0*$%$X.>#2'9%
1)>(X*+7)0+-%&'$X-*$%?)&%,'-)1#*A%+09%*'>('&+*X&'%
9#$*&#.X7)0$%#0%+%!QqX017)0%S5"'&'%$*&'+>$%)?%
9#c'&#08%*'>('&+*X&'$%>'&8'%5#*"%-#>#*'9%>#G#08U%
*"+*%+&'%#>()&*+0*%*)%X09'&$*+09#08%*"'&>+-Q

6+.2+1/3<1+#-&031&"<'(%#&88<031/'%C#3B+1./8#031&2&%C#&%#/#6̀ m<%*'(%F#5(.2<3+-#(%#$%31+2&-#9&3B#4+LuAAA#/%-#M&0</8&H+-#
(%#7<1+L/#9&3B#c&0$3#/3#3B+#!f5OF#$./C+#*1+-&3P#[/<8#O&0*B+1#I!4fJ?#!8+L0#W"/"L(#I!4fJ?#/%-#a/%L#5B&8-0#IfX4fJF
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Large-Eddy Simulation for Green Energy and Propulsion Systems
*"'%+.#-#*A%*)%1+(*X&'%(&)(X-$#)0Q+#&?&+>'%#0*'8&+7)0%
'c'1*$%$X1"%+$%*"'%'c'1*%)?%(A-)0%+09%q'*Q]+(%
#0*'&+17)06

a)&%5#09%*X&.#0'$/%$#>X-+7)0$%+&'%#0%(&)8&'$$%*)%
9'>)0$*&+*'%\@<%&'+9#0'$$%#0%8X#9#08%-)5Q0)#$'%
9'$#80/%,+-#9+7)0%)?%*"'%1)>(-'G%$1+-#08%)?%*X&.X-'0*%
$'-?Q0)#$'/%+09%*"'%X$'%)?%'c'17,'%5+--Q>)9'-$%*)%
'0+.-'%-+&8'Q$(+0%.-+9'%1)>(X*+7)0$6%!"'%-+2'&%
+&'%0''9'9%*)%9&#,'%0)#$'Q&'9X17)0%1)01'(*$%S'686/%
$'&&+7)0$/%+9,+01'9%.-+9'%7($U%.'A)09%-)5Q0)#$'%
+#&?)#-%9'$#806%

d#*"%(&))?Q)?%1)01'(*%+'&)%+09%+1)X$71%\@<%
1+-1X-+7)0$%1)>(-'*'9/%*"'%*'+>%#$%(X&$X#08%*"'%X$'%
)?%\@<x^EZ%*)3
 ! ='$#80%0)#$'Q&'9X17)0%?'+*X&'$/

 ! ='>)0$*&+*'%0X>'&#1+-%5#09%*X00'-%1+(+.#-#*A/%

 ! :>(&),'%'C1#'01A%)?%0X>'&#1+-%+-8)&#*">$%+09%
(+&+--'-%$1+-+.#-#*A%.'A)09%MI%t%1)&'$6

INCITE Allocation: 
IR%e#--#)0%^)X&$

Contact ! Umesh Paliath
Y@%Y-).+-%K'$'+&1"%%y%%(+-#+*"W8'61)>

[0%X09'&$*+09#08%)?%*"'%1)>(-'G%*X&.X-'0*%>#G#08%
0)#$'%$)X&1'$%?)&%5#09%*X&.#0'%+#&?)#-$%+09%q'*%'G"+X$*%
0)ff-'$%#$%1&#71+-%*)%9'-#,'&#08%*"'%0'G*%8'0'&+7)0%
)?%n8&''0/p%-)5Q0)#$'%5#09%*X&.#0'$%+09%q'*%'08#0'$6%
<1#'07$*$%+*%Y@%Y-).+-%K'$'+&1"%SY@YKU%+&'%-','&+8#08%
*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A%S[\ZaU%
+09%:00),+7,'%+09%L),'-%Z)>(X*+7)0+-%:>(+1*%)0%
!"')&A%+09%@G('&#>'0*%S:LZ:!@U%(&)8&+>%*)%9','-)(4
(&),'%"#QD9'-#*A%9#&'1*Q?&)>QD&$*Q(&#01#(-'$%(&'9#17)0$%
)?%0)#$'%*)%1"+&+1*'&#f'%*"'$'%"+&9Q*)Q>'+$X&'%
+1)X$71%$)X&1'$6%

[%$1+-+.-'/%1)>(&'$$#.-'%\+&8'%@99A%<#>X-+7)0%
S\@<Ug.+$'9%Z)>(X*+7)0+-%['&)+1)X$71$%SZ[[U%
$)-,'&%#$%.'#08%X$'9%*)%$*X9A%?&''Q$"'+&%-+A'&%0)#$'%
?&)>%q'*%'G"+X$*%0)ff-'$%+09%.)X09+&A%-+A'&%0)#$'%
$)X&1'$%?&)>%+#&?)#-$6%Y@_$%\@<%$*&+*'8A%(X$"'$%
+((-#1+7)04,+-#9+7)0%*)%&'+-#$71%1)09#7)0$%+09%
$1+-'/%+99&'$$'$%?X09+>'0*+-%("A$#1$%+09%$)X&1'%
1"+&+1*'&#f+7)0%1"+--'08'$/%+09%'G*'09$%1+(+.#-#*A%
*)%"+09-'%1)>(-'G%$A$*'>%#0*'&+17)0$6%E)5'&'9%.A%
$1+-+.#-#*A%#>(&),'>'0*$%+*%*"'%[\Za/%'+&-#'&%:LZ:!@%
5)&J%9'>)0$*&+*'9%")5%*"#$%D&$*Q(&#01#(-'$Q.+$'9%\@<%
1+(+.#-#*A%1+0%*&+0$?)&>%(&)9X1*%9','-)(>'0*6

!"'%&'$'+&1"%X09'&%5+A%?)&%q'*%'08#0'$%"+$%+%*5)Q
(&)08'9%?)1X$3%S+U%9'>)0$*&+*'%+%0X>'&#1+-%q'*Q0)#$'%
&#8%*"+*%(&),#9'$%?+$*'&/%1"'+('&/%+09%+99#7)0+-%9'*+#-$%
)?%*"'%*X&.X-'0*%])5QD'-9$%*"+0%()$$#.-'%,#+%("A$#1+-%
'G('&#>'0*+7)0/%"'-(#08%*)%'G(-+#0%")5%,+&#)X$%
1"',&)0%9'$#80$%+c'1*%0)#$'r%+09%S.U%9'>)0$*&+*'%

a&CB`,-+8&3=#*/23<1+#(:#/&1:(&8#
"(<%-/1=#8/=+1#-+.(%031/3+-F
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energy technologies

d#*"%+%(&#>+&A%?)1X$%)0%0X1-'+&%'0'&8A%#$$X'$/%*"'%
='(+&*>'0*%)?%@0'&8A%"+$%9','-)('9%+%>X-7Q("A$#1$%
$#>X-+7)0%?&+>'5)&J%+*%[&8)00'%?)&%*"'%+0+-A$#$%+09%
9'$#80%)?%0X1-'+&%&'+1*)&$6%

e+J#08%X$'%)?%*"#$%?&+>'5)&J/%e#1"'+-%<>#*"%+09%
+%*'+>%)?%&'$'+&1"'&$%&X0%EKB!@;<b+%&'+1*)&%
("A$#1$%*))-$'*%?)1X$'9%)0%#>(&),#08%*"'%'G#$708%
>'*")9)-)8A%?)&%0X1-'+&%&'+1*)&%+0+-A$#$%+09%9'$#80/%
#01-X9#08%?+$*%&'+1*)&%+0+-A$#$%)?%?+1#-#7'$%-#J'%*"'%
eBLj;%&'+1*)&%#0%j+(+0%+09%*"'%!'&&+E)5'&%&'+1*)&%
1)01'(*%?X09'9%.A%F#--%Y+*'$6%
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Detached-Eddy Simulations and Noise Predictions for Tandem Cylinders 

engineering

Contact ! Philippe Spalart
F)'#08%%y%%("#-#(('6&6$(+-+&*W.)'#0861)>

K'$'+&1"'&$%-'9%.A%E"#-#(('%<(+-+&*%+*%F)'#08%+&'%
1)09X1708%+%*")&)X8"%0X>'&#1+-%#0,'$78+7)0%)?%*"'%
*X&.X-'01'%+09%0)#$'%8'0'&+*'9%.A%!+09'>%ZA-#09'&$/%
+%(&#>'%*'$*%1+$'%?)&%9'*+#-'9%1)>(+&#$)0$%+>)08%
1)>(X*+7)0+-%]X#9%9A0+>#1$%SZa=U%+((&)+1"'$%
+09%5#*"%L[<[%'G('&#>'0*$6%:*%#0,)-,'$%>+$$#,'%
$'(+&+7)0/%*"'%#>(#08'>'0*%)?%*X&.X-'01'%)0%+%
$)-#9%.)9A/%+09%*"'%&'$X-708%0)#$'6%!"'$'%?'+*X&'$%
+&'%*A(#1+-%)?%,+&#)X$%+((-#1+7)0$%S+#&1&+s%-+09#08%
8'+&/%5#09%*X&.#0'$/%.&#98'$/%"'+*%'G1"+08'&$/%+09%
.X#-9#08$U6

!"'%$#>X-+7)0$%&']'1*%*"'%$*+*'%)?%*"'%+&*%#0%
*X&.X-'01'Q&'$)-,#08%Za=%+((&)+1"'$%*)%>+$$#,'-A%
$'(+&+*'9%])5$6%!"'%:Fe%F-X'%Y'0'4E%+*%*"'%[&8)00'%
\'+9'&$"#(%Z)>(X708%a+1#-#*A%+--)5$%$XC1#'0*-A%D0'%
8&#9$%SX(%*)%HR%>#--#)0%1'--$U%+09%5#9'%9)>+#0$%SX(%
*)%PHQ1A-#09'&%9#+>'*'&$U/%5#*"%'#*"'&%('&#)9#1%)&%
?&''Q$-#(%.)X09+&A%1)09#7)0$%#0%*"'%-+*'&+-%9#&'17)06%
!"'%).q'17,'%#$%*)%8+#0%#0$#8"*%#0*)%*"'%?X09+>'0*+-%
(&).-'>%)?%-)5Qe+1"Q0X>.'&%+'&)Q+1)X$71%
1)>(X*+7)0$6%k'&A%-)5%e+1"%0X>.'&$%+&'%0)*)&#)X$%
?)&%+c'1708%Za=%1)0,'&8'01'r%?X&*"'&>)&'/%*"'%
+1)X$71%'0'&8A%#$%>#0X*'6

O8(9#M&0</8&H/'(%#I0%/20B(3#(:#M(1'*&3=#./C%&3<-+#:1(.#DD7)#(:#3B+#6/%-+.#5=8&%-+10JF 
$./C+#*1+-&3P#D1F#]&LB/&8#)31+8+30?#D1F#]&LB/&8#)B<1?#/%-#D1F#!%-1+=#61/M&%?#4+9#6+*B%(8(C&+0#
/%-#)+1M&*+0?#f3-F#/%-#)/&%3`[+3+10"<1C#)3/3+#[(8=3+*B%&*#U%&M+10&3=F



26

2 0 1 1  A L C F  s c i e n c e  h i g h l i g h t s
a

s
c

r 
le

a
d

e
rs

h
ip

 c
o

m
p

u
ti

n
g

 c
h

a
ll

e
n

g
e Prediction of Supersonic Jet Noise Using Large-Eddy Simulation

9','-)('9%+*%*"'%Z'0*'&%?)&%!X&.X-'01'%K'$'+&1"/%#$%
.'#08%X$'9%?)&%*"'$'%>+$$#,'-A%(+&+--'-%$#>X-+7)0$%+*%
*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A%S[\ZaU6

;$#08%*"'%&'$)X&1'$%)?%*"'%[\Za/%&'$'+&1"'&$%5#--%5)&J%
*)%?X--A%&'$)-,'%*"'%'c'1*$%)?%1"',&)0$%+09%"'+708%)0%
*"'%0)#$'%(&)9X1'9%#0%$X('&$)0#1%*X&.X-'0*%])5%?&)>%
+%&'1*+08X-+&%0)ff-'6%!"'$'%$#>X-+7)0$%+&'%'G('1*'9%
*)%&','+-%0'5%#0$#8"*%#0*)%")5%'0"+01'9%$"'+&Q-+A'&%
>#G#08%9X'%*)%1"',&)0$%$X$*+#0$%#*$'-?%+09%*)%+99&'$$%
*"'%mX'$7)0%)?%*"'%)(7>+-%1"',&)0%('0'*&+7)0%
+08-'%?&)>%+%q'*Q0)#$'%$*+09()#0*6%!"#$%&'$'+&1"%>+A%
?X&*"'&%'c)&*$%#0%0)#$'Q>#78+7)0%$*&+*'8#'$%*"+*%+&'%
1&#71+-%*)%*"'%9'$#80%+09%,#+.#-#*A%)?%0'G*Q8'0'&+7)0%
$X('&$)0#1%+#&1&+s6

ALCC Allocation: 
HR%e#--#)0%^)X&$

engineering

Contact ! Parviz Moin
Z'0*'&%?)&%!X&.X-'01'%K'$'+&1"/%<*+0?)&9%;0#,'&$#*A%%y%%>)#0W$*+0?)&96'9X

[%0)#$'%8'0'&+*'9%.A%'08#0'%'G"+X$*%q'*$%#$%)0'%)?%*"'%
8&'+*'$*%.+&&#'&$%*)%*"'%9'(-)A>'0*%)?%"#8"Q$(''9%
1)>>'&1#+-%+#&1&+s6%k'&A%"#8"%q'*%,'-)1#7'$/%*A(#1+-%)?%
$X('&$)0#1%+#&1&+s/%"'#8"*'0%0)#$'%()--X7)0%-','-$%#0%
+#&()&*%1)>>X0#7'$%+09%+11'-'&+*'%"'+&#08%-)$$%?)&%
1&'5%)0%+#&1&+s%1+&&#'&%9'1J$6

e)9#?A#08%*"'%0)ff-'%8')>'*&A%.A%+99#08%1"',&)0$%
S$'&&+*'9%8')>'*&#1%'98'$U%*)%*"'%0)ff-'%-#(%#$%
'G('&#>'0*+--A%J0)50%*)%&'9X1'%q'*%0)#$'/%.X*%*"'%
("A$#1+-%&'+$)0$%?)&%*"#$%+&'%0)*%5'--%X09'&$*))96%
<>+--Q$1+-'%*X&.X-'01'%+09%$")1J$%8'0'&+*'9%.A%
1"',&)0$%$*&)08-A%#0]X'01'%*"'%9','-)(>'0*%)?%
*"'%-+&8'%*X&.X-'0*%'99#'$%?+&%9)50$*&'+>%*"+*%
1)0*&)-%*"'%(&)9X17)0%)?%0)#$'6%!)%1+(*X&'%*"'$'%
'c'1*$/%1)>(&'$$#.-'%-+&8'Q'99A%$#>X-+7)0%X$#08%
X0$*&X1*X&'9%8&#9$/%5"#1"%>#0#>#f'$%0X>'&#1+-%
9#$$#(+7)0%+09%9#$('&$#)0/%#$%0''9'96%a)&%*"#$%
(X&()$'/%*"'%Z"+&\@<%1)>(X*+7)0+-%#0?&+$*&X1*X&'/%

)<2+10(%&*#m+3#+dB/<03#:1(.#/#@P>#1+*3/%C<8/1#%(HH8+#31&..+-#9&3B#Q#.+*B/%&*/8#*B+M1(%0#/8(%C#3B+#%(HH8+#8&2F#
6+.2+1/3<1+#*(%3(<10#0B(9%F



27

p r o p e l l i n g  i n n o v a t i o n  i n  s c i e n c e
in

c
ite

Simulations of Turbulent Flows with Strong Shocks and Density Variations
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Uncertainty Quantification for Turbulent Mixing
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Experiment #105
alpha = 0.072
Simulation-1 #105
alpha = 0.072
Simuation-II #105
alpha = 0.080
Simulation-III #105
alpha = 0.075
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Global Simulation of Plasma Microturbulence at the Petascale and Beyond
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>'+$X&'9%#0%#09X$*&#+-%$'i08$6%!"#$%$*X9A%)?%*"'%])5%
)?%>+2'&bJ0)50%+$%&"')-)8Ab5#--%(&),#9'%+%.'2'&%
X09'&$*+09#08%)?%1)01&'*'_$%])5%(&)('&7'$%*)%"'-(%
'0$X&'%#*$%)(7>X>%('&?)&>+01'%+09%'-#>#0+*'%1)$*%
),'&&X0$6

e'+$X&#08%*"'%*&X'%&"')-)8#1+-%(&)('&7'$%)?%?&'$"%
1)01&'*'%#$%mX#*'%+%1"+--'08'6%\+.)&+*)&A%9',#1'$%*"+*%
>'+$X&'%*"'%5+A%+%$X$('0$#)0%])5$%#0%&'$()0$'%
*)%+((-#'9%?)&1'$b1+--'9%&"')>'*'&$b1+0%qX$*%
+((&)G#>+*'%&"')-)8#1+-%(&)('&7'$%)?%$X$('0$#)0$%
.'1+X$'%*"'$'%9',#1'$%8+X8'%)0-A%*)&mX'%+09%+08X-+&%
,'-)1#*A6%d#*")X*%9'*+#-'9%J0)5-'98'%)?%*"'%])5%#0%
*"'%&"')>'*'&/%$1#'07$*$%1+0_*%).*+#0%?X09+>'0*+-%
&"')-)8#1+-%(+&+>'*'&$%$X1"%+$%,#$1)$#*A%+09%A#'-9%
$*&'$$%S&'$#$*+01'%*)%#0#7+708%])5U6%Z)>(X708%*"'%
])5%+--)5$%&'$'+&1"'&$%*)%1)&&'1*-A%#0*'&(&'*%'>(#&#1+-%
>'+$X&'>'0*$%#0%*'&>$%)?%?X09+>'0*+-%X0#*$6

!"&)X8"%*"'#&%$#>X-+7)0$%)0%*"'%F-X'%Y'0'4E%+*%*"'%
[\Za/%&'$'+&1"'&$%-'9%.A%d#--#+>%Y')&8'%?&)>%*"'%
L+7)0+-%:0$7*X*'%)?%<*+09+&9$%+09%!'1"0)-)8A%SL:<!U%
"+,'%8+#0'9%?X09+>'0*+-%0'5%#0$#8"*$%#0*)%*"'%A#'-9%
$*&'$$%)?%9'0$'%$X$('0$#)0$6%<*X9#'$%.A%*"'%8&)X(%
#09#1+*'%*"+*%(+&71-'%1)0*+1*$%+&'%+0%#>()&*+0*%?+1*)&%
#0%1)0*&)--#08%*"'%)0$'*%)?%])5%#0%9'0$'%$X$('0$#)0$6%
aX&*"'&/%$X1"%#0*'&+17)0$%1+0%.'%$*&)08-A%#0]X'01'9%
.A%*"'%$"+('%)?%*"'%+88&'8+*'$%+09%-'+9%*)%q+>>#08%
'c'1*$%*"+*%&'$*&#1*%*"'%'+$A%(-+1'>'0*%)?%1)01&'*'%
#0%?)&>$6%!"'%&'$'+&1"'&$%+-$)%9#$1),'&'9%*"+*%?)&%
$X$('0$#)0$%5#*"%+%0)0QL'5*)0#+0%]X#9%>+*&#G/%
*"'%-)1+-%$"'+&%&+*'$%.'*5''0%+88&'8+*'$%$*&)08-A%
9'*'&>#0'%*"'#&%&"')-)8#1+-%(&)('&7'$6%!"'$'%&'$X-*$%
"+,'%.''0%,+-#9+*'9%+8+#0$*%("A$#1+-%'G('&#>'0*$%5#*"%
'G1'--'0*%+8&''>'0*6

O8(9#0&.<8/'(%0#(:#3B(<0/%-0#
(:#2/1'*8+0#(%#3B+#!1C(%%+#
f+/-+10B&2#5(.2<'%C#O/*&8&3=r0#
X8<+#Y+%+Z[#0<2+1*(.2<3+1#/1+#
+%/"8&%C#%+9#&%0&CB30#&%3(#B(9#3(#
.+/0<1+#/%-#*(%31(8#G(9#21(2+1'+0#
(:#8/1C+`2/1'*8+#-+%0+#0<02+%0&(%0#
8&L+#*(%*1+3+#3B/3#*/%%(3#*<11+%38=#"+#
/**<1/3+8=#.+/0<1+-#&%#&%-<031&/8#0+n%C0F#!#"+x+1#
<%-+103/%-&%C#(:#3B+0+#21(2+1'+0#9&88#B+82#+%0<1+#3B+#(2'.<.#
2+1:(1./%*+#(:#*(%*1+3+#/%-#+8&.&%/3+#*(03#(M+11<%0F#$./C+#
*1+-&3P#$./C+0#/%-#3B+#0(q9/1+#<0+-#3(#21(-<*+#3B+.#9+1+#
-+M+8(2+-#"=#)3+M+%#)/x+1,+8-?#;(B%#a/C+-(1%?#/%-#;(B%#p+80(# 
(:#3B+#4/'(%/8#$%0'3<3+#(:#)3/%-/1-0#/%-#6+*B%(8(C=#I4$)6J?# 
/%-#]/1*#W8/%(#(:#4$)6#/%-#3B+#U%&M+10&3=#(:#]/1=8/%-�
X/8'.(1+#5(<%3=F
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Better Catalytic System Designs through Nanoscale Research 
[*%*"'%[\Za/%-+&8'Q$1+-'/%.+$#1%$1#'01'%'G(-)&+7)0%
A#'-9$%$#80#D1+0*%#09X$*&#+-/%$)1#'*+-/%+09%'1)0)>#1%
#>(+1*6%d#*"%+11'$$%*)%*"'%5)&-9Q1-+$$%1)>(X708%
&'$)X&1'$%0''9'9%*)%'G(-)&'%*"'%.'"+,#)&%)?%
1+*+-A$*$%+*%*"'%0+0)$1+-'/%Y&''-'A%+09%"#$%*'+>%
+&'%(+,#08%*"'%5+A%?)&%#>(&),'9%1+*+-A71%$A$*'>%
9'$#80$%5#*"%5#9'Q&+08#08%#09X$*&#+-%+((-#1+7)0$6

INCITE Allocation:
PT%e#--#)0%^)X&$

materials science

Contact !!,-.!/$--0-%
[&8)00'%L+7)0+-%\+.)&+*)&A%%y%%q8&''-'AW+0-68),

:0%-#?'/%$)>'7>'$%*)%8'*%*"'%.+--%&)--#08/%+%-#2-'%0X98'%
#$%0''9'96%:0%+%1"'>#1+-%&'+17)0/%*"+*%0X98'%)s'0%
1)>'$%#0%*"'%?)&>%)?%+%1+*+-A$*6%[%1+*+-A$*%#$%+0%+8'0*%
*"+*%$(''9$%+%1"'>#1+-%&'+17)0%+-)08/%)&%1+X$'$%+%
&'+17)0%*"+*%)*"'&5#$'%5)X-9%0)*%"+,'%)11X&&'96%
E-+70X>/%+%1)>>)0%1+*+-A$*/%#$%X$'9%#0%1+*+-A71%
1)0,'&*'&$%*)%&'>),'%*)G#0$%?&)>%'G"+X$*6%:>(&),'9%
'>#$$#)0$%1)0*&)-%&'mX#&'$%+0%X09'&$*+09#08%)?%")5%
1+*+-A$*$%.'"+,'%+*%*"'#&%>)$*%?X09+>'0*+-%+*)>#1%
-','-b*"'%0+0)$1+-'6

j'c%Y&''-'A%)?%[&8)00'%L+7)0+-%\+.)&+*)&A%-'+9$%
+%*'+>/%#01-X9#08%&'$'+&1"'&$%?&)>%*"'%!'1"0#1+-%
;0#,'&$#*A%)?%='0>+&J%+09%<*+0?)&9%;0#,'&$#*A/%*"+*%
X$'$%*"'%$X('&1)>(X708%&'$)X&1'$%+*%*"'%[&8)00'%
\'+9'&$"#(%Z)>(X708%a+1#-#*A%S[\ZaU%*)%$*X9A%1+*+-A71%
0+0)(+&71-'$6%Z+-1X-+708%1+*+-A$#$%)0%(+&71-'$%5#*"%+$%
?'5%+$%)0'%*")X$+09%+*)>$%*+J'$%$','&+-%9+A$%)0%*"'%
5)&-9_$%?+$*'$*%$X('&1)>(X*'&$6%!"'%(&)1'$$%#$%$)%7>'%
#0*'0$#,'%+09%*"'%1+-1X-+7)0$%+&'%$)%1)>(-'G/%*"'%
&'$'+&1"%5)X-9%.'%#>()$$#.-'%5#*")X*%+%-'+9'&$"#(Q
1-+$$%$A$*'>%-#J'%*"'%[\Za_$%F-X'%Y'0'4E6

V+0+/1*B#<%-+1#9/=#(%# 
.+3/8#%/%(2/1'*8+#*/3/8=030# 
9&88#21(M&-+#3B+#:1/.+9(1L#:(1# 
&.21(M&%C#0=03+.0#3(#*(%31(8#+.&00&(%0# 
&%#/#M/1&+3=#(:#&%-<031&/8#0*+%/1&(0F# 
$./C+#*1+-&3P#;+_#Y1++8+=?#!1C(%%+#4/'(%/8#f/"(1/3(1=F
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materials science

Contact ! Giulia Galli
;0#,'&$#*A%)?%Z+-#?)&0#+Q=+,#$%%y%%8+8+--#WX19+,#$6'9X

!"'%EF@RQ.+$'9%(&'9#17)0$%)?%'-'1*&)0#1/%$*&X1*X&+-/%
+09%,#.&+7)0+-%(&)('&7'$%)?%-#mX#9%5+*'&%$X.$*+07+--A%
#>(&),'%*"'%(&'9#17)0%5"'0%1)>(+&'9%*)%EF@/%X$#08%
'G('&#>'0*+-%&'$X-*$%+$%+%&'?'&'01'6%:0%(+&71X-+&/%
*"'&'%#$%+%9&+>+71%#>(&),'>'0*%#0%*"'%9'$1&#(7)0%
)?%#0?&+&'9%$('1*&+6%!"'$'%#>()&*+0*%D09#08$%$X88'$*%
*"+*%*"&)X8"%*"'%X$'%)?%"#8"Q('&?)&>+01'%1)>(X708/%
5'%1+0%#>(&),'%)X&%(&'9#17,'%()5'&%)?%+mX')X$%
'0,#&)0>'0*$6%E&)?6%Y+--#%+09%"'&%1)--+.)&+*)&$_%
&'$'+&1"%5+$%(X.-#$"'9%#0%*"&''%(+('&$/%*5)%#0%*"'%
!.+1&*/%#5B+.&*/8#)(*&+3=r0#;(<1%/8#(:#5B+.&*/8#
6B+(1=#/%-#5(.2<3/'(%%+09%)0'%#0%*"'%;(<1%/8#(:#
[B=0&*/8#5B+.&031=#X6%;$#08%EF@R/%*"'%+X*")&$%+&'%
1X&&'0*-A%'G*'09#08%*"'#&%#0,'$78+7)0$%*)5+&9$%
$)-,+7)0%(&)('&7'$%)?%#>()&*+0*%#)0$/%$X1"%+$%
1"-)&#9'/%)&%>#G*X&'$%)?%5+*'&%5#*"%>'*"+0'%)&%
1+&.)0%9#)G#9'6

INCITE Allocation: 
PT%e#--#)0%^)X&$

First Principles Simulations of the Infrared Spectrum of Liquid Water
;09'&$*+09#08%(X&'%5+*'&%#$%+0%'$$'07+-%(&'&'mX#$#*'%
?)&%X09'&$*+09#08%*"'%.'"+,#)&%)?%*"'%-#mX#9%
#0*'&+1708%5#*"%0+*X&+--A%)11X&&#08%1)>()X09$%$X1"%
+$%1+&.)0%9#)G#9'%)&%>'*"+0'6%<','&+-%+11X&+*'%]+,)&$%
)?%9'0$#*A%?X017)0+-%*"')&A%SEF@R%+09%,+0%9'&%d++-$%
?X017)0+-$U/%*"+*%#01-X9'%1)>(X*+7)0+--A%9'>+09#08%
'G+1*%'G1"+08'%*'&>$/%"+,'%.''0%X$'9%#0%E&)?'$$)&%
Y#X-#+%Y+--#_$%-+.)&+*)&A%+*%*"'%;0#,'&$#*A%)?%Z+-#?)&0#+Q
=+,#$%S;ZQ=+,#$U%*)%#0,'$78+*'%5+*'&%+09%#)0$%#0%
5+*'&%5#*"%+*)>#$71%&'$)-X7)06%<('1#D1+--A/%/"#&%&'( 
>)-'1X-+&%9A0+>#1$%1+-1X-+7)0$%)?%-#mX#9%5+*'&%5'&'%
1+&&#'9%)X*%X$#08%*"'%>+$$#,'-A%(+&+--'-#f'9%9'0$#*A%
?X017)0+-%*"')&A%1)9'%l.)G/%9','-)('9%#0%E&)?6%YA8#_$%
8&)X(%+*%;ZQ=+,#$/%5#*"#0%+0%:LZ:!@%+--)1+7)0%)0%
*"'%F-X'%Y'0'4E%"#8"Q('&?)&>+01'%1)>(X*'&%+*%*"'%
[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A6%<*&X1*X&+-%+09%
,#.&+7)0+-%(&)('&7'$%)?%-#mX#9%5+*'&%5'&'%9'*'&>#0'9%
?)&%$','&+-%*'>('&+*X&'$6%K+*"'&%1)0,'07)0+-%
8'0'&+-#f'9%8&+9#'0*%SEF@UQ.+$'9%1+-1X-+7)0$/%
1X&&'0*-A%1)0$#9'&'9%*)%.'%$*+*'Q)?Q*"'Q+&*/%5'&'% 
+-$)%('&?)&>'96

$%:1/1+-#02+*31/#(:#8&v<&-#9/3+1#*(.2<3+-#
<0&%C#B="1&-#I0(8&-#8&%+0J#/%-#0+.&`8(*/8#
I-(x+-#8&%+J#:<%*'(%/80?#*(.2<3+-#"=# 
+.Q#0#7(#.(8+*<8/1#-=%/.&*0#9&3B#3B+# 
\"(d#*(-+F#$./C+#*1+-&3P#D1F#5<&#oB/%C?# 
U5`D/M&0F
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materials science

?&#'09-A%1"'>#1+-%$A0*"'$#$%*)%"'-(%&'9X1'%8&''0")X$'%
8+$'$/%)&%0'5%>'*")9$%?)&%&'(-+1#08%('*&)1"'>#1+-$%
5#*"%#0'G('0$#,'/%+.X09+0*%$>+--%+-J+0'$6%

Z&'+708%0'5%>+*'&#+-$%?)&%'-'1*&#1+-%'0'&8A%$*)&+8'/%
S$('1#D1+--A/%?)&%*"'%#0*'&?+1'%.'*5''0%'-'1*&)-A*'%+09%
'-'1*&)9'U%1)X-9%-'+9%*)%$+?'&/%-)08'&Q&+08'%.+2'&#'$%
?)&%'-'1*&#1%,'"#1-'$6

;$#08%*"'%'G*&'>'%1)>(X*'%()5'&%)?%*"'%F-X'%
Y'0'4l%+*%*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A/%
&'$'+&1"'&$%5#--%'>(-)A%"#8"Q+11X&+1A%mX+0*X>%
>'1"+0#1+-%1+-1X-+7)0$%X$#08%9'0$#*A%?X017)0+-%
*"')&A%S=a!U%+09%mX+0*X>%>)0*'%1+&-)%SleZU6%:0%
(&'(+&+7)0%?)&%*"'%0'5%+&1"#*'1*X&'%)?%*"'%F-X'%
Y'0'4l/%J'A%1)>(X*+7)0+-%J'&0'-$%5#--%.'%&'Q5&#2'0%
*)%'>(-)A%B('0eE%0'$*'9%(+&+--'-#$>6

Early Science Program Allocation: 
TR%e#--#)0%^)X&$

Materials Design and Discovery: Catalysis and Energy Storage

Contact !!!"#$$%!&'!()$*++
[&8)00'%L+7)0+-%\+.)&+*)&A%%y%%1X&7$$W+0-68),

!"'%'0'&8A%?X*X&'%"#08'$%)0%*"'%9'$#80%+09%9#$1),'&A%
)?%0'5%>+*'&#+-$b-#J'%>+*'&#+-$%*)%&'(-+1'%*"'%)#-$%
1X&&'0*-A%X$'9%*)%>+J'%(-+$71$/%+09%>+*'&#+-$%*)%
()5'&%'-'1*&#1%,'"#1-'$6%

<1#'07$*$%+*%[&8)00'_$%Z'0*'&%?)&%L+0)$1+-'%e+*'&#+-$%
SZLeU%+09%*"'%e+*'&#+-$%<1#'01'%=#,#$#)0%Se<=U%
+&'%(+#&#08%*"'%()5'&%)?%*"'%:Fe%F-X'%Y'0'4l%5#*"%
0'5-A%+,+#-+.-'%'-'1*&)0#1%$*&X1*X&'%1)9'$%*)%1)09X1*%
>+$$#,'-A%(+&+--'-%mX+0*X>%>'1"+0#1+-%1+-1X-+7)0$%
?)&%X$'%#0%*"'%9'$#80%)?%.&'+J*"&)X8"%>+*'&#+-$%*"+*%
>+A%"+,'%'0'&8AQ&'-+*'9%+((-#1+7)0$6%

[%*'+>%)?%&'$'+&1"'&$/%-'9%.A%\+&&A%ZX&7$$%5#*"%
[&8)00'_$%e<=%+09%ZLe/%#$%?)1X$#08%&'$'+&1"%'c)&*$%
)0%1+*+-A71%>+*'&#+-$%+09%)0%>+*'&#+-$%X$'9%?)&%
'-'1*&#1%'0'&8A%$*)&+8'6%Z+*+-A71%>+*'&#+-$%+&'%X$'9%
?)&%.)09Q$('1#D1%+17,+7)0%?)&%'C1#'0*%1"'>#1+-%
*&+0$?)&>+7)0$6%!"#$%&'$'+&1"%1)X-9%A#'-9%0'5%
$*&+*'8#'$%?)&%>)&'%'0'&8AQ'C1#'0*/%'0,#&)0>'0*+--A%

6B&13=`3B1++#/3(.#0&8M+1#*8<03+1#
3B/3#&0#"+&%C#03<-&+-#/0#/#%+9#
*/3/8=03#:(1#21(2=8+%+#+2(d&-/'(%F##
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!)%8'*%+%>)-'1X-+&Q-','-%X09'&$*+09#08%)?%0+0).X..-'%
1)--+($'%0'+&%+%$)-#9%$X&?+1'/%E&#A+%k+$"#$"*+%+09%"#$%
1)--'+8X'$/%K+q#,%t+-#+%+09%[##1"#&)%L+J+0)/%+*%*"'%
;0#,'&$#*A%)?%<)X*"'&0%Z+-#?)&0#+%S;<ZU%+&'%X$#08%
:0*&'(#9/%*"'%:Fe%F-X'%Y'0'4E%$A$*'>%+*%*"'%[&8)00'%
\'+9'&$"#(%Z)>(X708%a+1#-#*A%S[\ZaU/%*)%$#>X-+*'%+09%
X0&+,'-%*"'%1)>(-'G%>'1"+0)1"'>#$*&A%(&).-'>6%!"'%
PQ.#--#)0Q+*)>%$#>X-+7)0%#$%?'+$#.-'%.'1+X$'%#*%&X0$%
'C1#'0*-A%)0%PHM/OVR%1)&'$/%*"'%?X--%:0*&'(#9%$A$*'>6%
!"'%8)+-%)?%*"#$%0+0).X..-'%1)--+($'%$#>X-+7)0%
#$%*)%X09'&$*+09%>)-'1X-+&%(&)1'$$'$%*)%#>(&),'%
.)*"%*"'%$+?'*A%+09%-)08',#*A%)?%0X1-'+&%&'+1*)&$6%
!"'%'C1#'01A%5#*"%5"#1"%*"'$'%$#>X-+7)0$%&X0%)0%
:0*&'(#9%#$%*"'%&'$X-*%)?%$X11'$$?X-%5)&J%1)09X1*'9%
.A%*"'%;<Z%8&)X(%X$#08%+0%[&8)00'%=#&'1*)&_$%
=#$1&'7)0+&A%+--)1+7)0%#0%IRPR6

INCITE Allocation: 
VT%e#--#)0%^)X&$

Reactive MD Simulation of Shock-Induced Cavitation Damage

Contact ! Priya Vashishta
;0#,'&$#*A%)?%<)X*"'&0%Z+-#?)&0#+%%y%%(&#A+,WX$16'9X

e+#0*+#0#08%*"'%$)X090'$$%)?%0X1-'+&%&'+1*)&$%#$%
+%>+q)&%1)01'&0%?)&%$1#'07$*$/%'08#0''&$/%+09%*"'%
8'0'&+-%(X.-#16%[>)08%>+0A%?+1*)&$/%n1+,#*+7)0%
'&)$#)0p%)?%1))-#08%$A$*'>%1)>()0'0*$%#$%+%
$#80#D1+0*%>'1"+0#$>%?)&%-)08Q*'&>%9'8&+9+7)0%
#0%0X1-'+&%()5'&%(-+0*$6%Z+,#*+7)0%)11X&$%5"'0%
+%-#mX#9%'G('&#'01'$%&+(#9%1"+08'%#0%(&'$$X&'%*"+*%
1&'+*'$%-)5Q(&'$$X&'%1+,#7'$%5#*"#0%*"'%-#mX#96%!"'$'%
1+,#7'$/%)&%1+,#*+7)0%.X..-'$/%1+X$'%$*&'$$%5"'0%*"'A%
1)--+($'%+09%"#*%+%$)-#9%$X&?+1'/%+09%*"'&'?)&'%1+X$'%
9'*'&#)&+7)0%)?%*"'%$X&?+1'$%)?%>+*'&#+-$6

^)5','&/%1+,#*+7)0%.X..-'$%+-$)%(&),#9'%.'0'D*$6%
L+0).X..-'$%+&'%X$'9%*)%(&','0*%<*&'$$%Z)&&)$#)0%
Z&+1J#08%S<ZZUb*"'%.#88'$*%&'+$)0%*"'%-#?'7>'%)?%
0X1-'+&%&'+1*)&$%#$%$")&*'0'96%d"'0%0+0).X..-'$%
?)&>/%*"'A%1&'+*'%-)5Q(&'$$X&'%&'8#)0$/%.X*%5"'0%*"'A%
1)--+($'%0'+&%+%$)-#9%$X&?+1'/%*"'%&'$X-*%#$%*"'%1&'+7)0%
)?%"#8"Q(&'$$X&'%+&'+$%*"+*%&'-#','%*"'%*'0$#-'%$*&'$$'$%
*"+*%1+X$'%<ZZ%#0%*"'%>+*'&#+-6

X&88&(%`/3(.#1+/*'M+#.(8+*<8/1#-=%/.&*0#0&.<8/'(%#(:#
%/%("<""8+#*(88/20+#&%#9/3+1#%+/1#/#*+1/.&*#0<1:/*+#<%-+1#0B(*L#
*(.21+00&(%F#!#@L.Z0+*#0B(*L#9/M+#*(.21+00+0#3B+#%/%("<""8+#
/%-#*1+/3+0#B&CB#*(.21+00&M+#031+00#/%-#%(M+8#*B+.&*/8#1+/*'(%0#
I21(-<*'(%#(:#B=-1(%&<.#&(%0J#%(3#:(<%-#<%-+1#%(1./8#*(%-&'(%0F#
6B+#0&.<8/'(%0#1+M+/8#3B/3#B&CB#21+00<1+#&%#3B+#0B(*L#9/M+#
-+:(1.0#3B+#*+1/.&*#0<1:/*+#/%-#/80(#/**+8+1/3+0#9/3+1#.(8+*<8+0#
:1(.#3B+#"<""8+#2+1&2B+1=#3(9/1-0#3B+#*+%3+1#(:#3B+#"<""8+F#
6B+0+#B&CB`M+8(*&3=#9/3+1#.(8+*<8+0#"<%*B#<2#3(#:(1.#/#%/%(m+3F#
6B+#%/%(m+3#&.2/*3#*1+/3+0#-/./C+#(%#3B+#*+1/.&*#0<1:/*+F#6B+#
0&.<8/'(%#1+0<830#1+M+/8#/3(.&0'*#.+*B/%&0.0#(:#.+*B/%&*/88=#
&%-<*+-#*B+.&031=?#9B&*B#&0#3B+#L+=#3(#<%-+103/%-&%C#3B+#0/:+3=`
3B1+/3+%&%C#-/./C+#&%#%<*8+/1#1+/*3(10F#6B+#0&.<8/'(%0#9+1+#
*/11&+-#(<3#<0&%C#>RE?QhA#*(1+0#(%#$%31+2&-?#3B+#X8<+Y+%+Z[#
0=03+.?#/3#3B+#!1C(%%+#f+/-+10B&2#5(.2<'%C#O/*&8&3=F#$./C+#
*1+-&3P#X&88&(%`/3(.#1+/*'M+#0&.<8/'(%0#"=#!-/10B#)B+LB/1?#p+%`
&*B&#4(.<1/?#V/m&M#pF#p/8&/?#!&&*B&1(#4/L/%(?#/%-#[1&=/#c/0B&0B3/?#
U%&M+10&3=#(:#)(<3B+1%#5/8&:(1%&/F#c&0</8&H/'(%#"=#;(0+2B#$%08+=#/3#
3B+#!f5OF

materials science
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nuclear structure

Contact ! Steven C. Pieper
[&8)00'%L+7)0+-%\+.)&+*)&A%%y%%$(#'('&W+0-68),

Early Science Program Allocation: 
PPR%e#--#)0%^)X&$

Ab Initio Reaction Calculations for Carbon-12
!"#$%(&)q'1*%+#>$%*)%1+-1X-+*'%$','&+-%?X09+>'0*+-%
(&)('&7'$%)?%*"'%PIZ%0X1-'X$3%*"'%#>+8#0+&AQ7>'%
&'$()0$'/%*"'%)0'Q.)9A%9'0$#*A%>+*&#G/%+09%*&+0$#7)0%
>+*&#G%'-'>'0*$%.'*5''0%#$)$(#0QR%+09%QP%$*+*'$6%
;$#08%Y&''0_$%aX017)0%e)0*'%Z+&-)%SYaeZU/%*"'$'%
1+-1X-+7)0$%5#--%+--)5%&'$'+&1"'&$%*)%&'-#+.-A%1)>(X*'%
0'X*&#0)QPIZ%$1+2'&#08/%mX+$#Q'-+$71%'-'1*&)0%
$1+2'&#08/%+09%*"'%&'$X-*$%)?%)-9'&%&'+17)0$/%$X1"%+$%
S�/��U%)0%PIZ6%

<X1"%(&)('&7'$%+&'%1&#71+-%*)%+%&'+-%X09'&$*+09#08%)?%
*"'%("A$#1$%)?%0X1-')0#1%>+2'&6%@-'1*&)0%$1+2'&#08%
'G('&#>'0*$%#0%*"'%mX+$#Q'-+$71%&'8#>'/%5"'&'%*"'%
9)>#0+0*%(&)1'$$%#$%J0)1J#08%+%$#08-'%0X1-')0%)X*%)?%
*"'%0X1-'X$/%+&'%X09'&%5+A%?)&%+%&+08'%)?%0X1-'#6%!"'%
$'(+&+7)0%#0*)%-)08#*X9#0+-%+09%*&+0$,'&$'%&'$()0$'%
+--)5$%$*X9A%)?%*"'%(&)(+8+7)0%)?%1"+&8'$%+09%
1X&&'0*$/%&'$('17,'-A/%#0%*"'%0X1-'X$6%!"'%0)0*&#,#+-%
1"+08'$%?&)>%$*X9#'$%)?%*"'%0X1-')0%+09%9'X*'&)0%*)%
-+&8'&%0X1-'#%&'mX#&'%(&)1'$$'$%.'A)09%)0'Q0X1-')0%
J0)1J)X*6%K'$'+&1"'&$%5#--%1)>(X*'%*"'%*&+0$#7)0%
9'0$#*A%>+*&#1'$%)0%+%*5)Q9#>'0$#)0+-%8&#9%)?%*"'%
>+80#*X9'$%)?%*"'%#0#7+-%+09%D0+-%()$#7)0$%+09%5#--%
>+J'%+%(+&7+-%5+,'%'G(+0$#)0%)?%*"'%+08-'%.'*5''0%
*"'%*5)%,'1*)&$6%!"'$'%>+*&#1'$%5#--%.'%X$'9%+$%#0(X*$%
?)&%+%,+&#'*A%)?%&'+17)0%1+-1X-+7)0$6

!)%+99&'$$%F-X'%Y'0'4lQ&'-+*'9%#$$X'$%?)&%YaeZ/%
&'$'+&1"'&$%1"+08'9%*"'%?)&>+*%?)&%$)>'%>+*&#1'$%
?&)>%9'0$'%*)%1)>(&'$$'9/%&'+-#f#08%+%X0#,'&$+-%
#>(&),'>'0*%)0%F-X'%Y'0'%+&1"#*'1*X&'6%<'1)09-A/%
&'$'+&1"'&$%#9'07D'9%+%$'*%)?%#>()&*+0*%J'&0'-%
&)X70'$%+09%$'(+&+*'9%*"'%*"&'+9#08%(+&*%?&)>%*"'%
$'&#+-%,'1*)&#f+.-'%(+&*/%+--)5#08%*"'%X$'%)?%<:e=%
#0$*&X17)0$%5#*"#0%*"&'+9$6%!"'A%"+,'%+-$)%*X0'9%
$','&+-%lQ&'-+*'9%(+&+>'*'&$%?)&%9+*+%$#f'$6%ZX&&'0*-A%
&X00#08%)0%+%>#9(-+0'%)?%F-X'%Y'0'4l/%*"'%1)9'%
$")5$%)0'%)?%*"'%"#8"'$*%('&Q0)9'%('&?)&>+01'%
#>(&),'>'0*$%?&)>%F-X'%Y'0'4E%*)%F-X'%Y'0'4l6

12C
Density

GFMC – AV18+IL7
Experiment

! P
 (f

m
-3
)

r (fm)

0.10

0.08

0.06

0.04

0.02

0.00
43210

6B+#*/8*<8/3+-#-+%0&3=#I1+-#-(30J#&0#&%#+d*+88+%3#/C1++.+%3#
9&3B#+d2+1&.+%3/8#-/3/#I0(8&-#*<1M+JF

R-Matrix

Pole location

1+

2

"
LJ
 (b

)

Ec.m. (MeV)

7

6

5

1

4

3

2

0
53 4210

1–

2
3–
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!"'%FY4E%&'$'+&1"%*'+>%"+$%1)>(-'*'9%8&)X09Q$*+*'%
Z%1+-1X-+7)0$b+%J'A%>#-'$*)0'6%!"'%8&)X09%$*+*'%
&'(&'$'0*$%*"'%.'$*%1)0,'&8'9%/"#&%&'(%1+-1X-+7)0$%
)?%Z%','&6%!"'%&'$'+&1"'&$%"+,'%1)070X'9%9','-)(#08%
+09%*'$708%,+&#)X$%?)&>X-+7)0$%)?%$*+&708%5+,'%
?X017)0$%?)&%*"'%D&$*%'G1#*'9%R%$*+*'%)?%PIZ%S*"'%^)A-'%
)&%*&#(-'Q+-("+%.X&0#08%$*+*'U6%d#*"%*"'$'%*"'A%+&'%
+1"#',#08%1)0,'&8'9%'0'&8#'$%?)&%*"'%^)A-'%$*+*'%*"+*%
+&'%#0%&'+$)0+.-'%+8&''>'0*%5#*"%*"'%'G('&#>'0*6

!"'%FY4E%*'+>%"+$%X$'9%*"'%PIZ%YaeZ%1+-1X-+7)0$%
*)%9','-)(%*"'%[X*)>+71%=A0+>#1%\)+9%F+-+01#08%
S[=\FU%-#.&+&A/%+%8'0'&+-%(X&()$'%5)&JQ$"+&#08%-#.&+&A6%
FA%X$#08%B('0eE%)0%'+1"%0)9'/%*"'%*'+>%#$%0)5%
8'i08%'$$'07+--A%('&?'1*%$1+-#08%X(%*)%HT/TMH%1)&'$%
SMI/NHO%+&'%X$'9%?)&%*"'#&%(&)9X17)0%&X0$U6%!"'%
*'+>%5#--%.'%*'$708%+%0'5%>X-7Q*"&'+9'9%,'&$#)0%
)?%[X*)>+71%=A0+>#1%\)+9%F+-+01#08%S[=\FU%)0%
[&8)00'_$%FY4l%5"'0%*"+*%>+1"#0'%#$%+,+#-+.-'6

INCITE Allocation: 
PT%e#--#)0%^)X&$

Advancing the Understanding of Nuclear Structure

Contact ! James Vary
:)5+%<*+*'%;0#,'&$#*A%%y%%q,+&AW#+$*+*'6'9X

K'$'+&1"'&$%?&)>%:)5+%<*+*'%;0#,'&$#*A/%B+J%
K#98'%+09%[&8)00'%0+7)0+-%-+.)&+*)&#'$%+&'%X$#08%
1)>(-'>'0*+&A%*'1"0#mX'$/%#01-X9#08%Y&''0_$%
aX017)0%e)0*'%Z+&-)/%*"'%L)%Z)&'%<"'--%e)9'-/%
+09%Z)X(-'9QZ-X$*'&%>'*")9$%*)%('&?)&>%/"#&%&'( 
1+-1X-+7)0$%)?%.)*"%$*&X1*X&+-%+09%&'+17)0%(&)('&7'$%
)?%-#8"*Q%+09%>'9#X>Q>+$$%0X1-'#6%!"'%1+-1X-+7)0$%
X$'%&'+-#$71%>)9'-$%)?%0X1-'+&%#0*'&+17)0$/%#01-X9#08%
.)*"%*5)Q%+09%*"&''Q0X1-')0%?)&1'$6%!"'#&%5)&J%1)X-9%
+9,+01'%X09'&$*+09#08%)?%*"'%*&#(-'Q+-("+%.X&0#08%
&'+17)0/%5"#1"%#$%'$$'07+-%*)%-#?'%)0%'+&*"6

!"'A%+-$)%+&'%'G(-)&#08%*"'%&)-'%)?%*"'%*"&''Q0X1-')0%
?)&1'%#0%$X.$*+07+--A%"'+,#'&%0X1-'#6%aX&*"'&>)&'/%
&'$'+&1"'&$%+&'%X$#08%='0$#*A%aX017)0+-%!"')&A%
S=a!U%*)%1+-1X-+*'%(&)('&7'$%)?%0X1-'#%+1&)$$%*"'%
'07&'%&+08'%)?%0X1-'+&%>+$$'$6%!"'$'%=a!%$*X9#'$%
5#--%"'-(%(&'9#1*%0X1-'+&%(&)('&7'$%&'-',+0*%*)%
0X1-'+&%&'+17)0$%$X1"%+$%0'X*&)0Q0X1-'X$%&'+17)0%
1&)$$Q$'17)0$%+09%D$$#)06%!"#$%0'5%X09'&$*+09#08%
)?%0X1-'#%"+$%?+&Q&'+1"#08%#>(-#1+7)0$/%#>(+1708%*"'%
D'-9$%)?%'0'&8A%+09%+$*&)("A$#1$6%!"'%&'$'+&1"'&$%+&'%
1)09X1708%*"'#&%1+-1X-+7)0$%)0%*"'%:Fe%F-X'%Y'0'4E%
SFY4EU%+*%*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A%
+09%*"'%Z&+A%w!%+*%B+J%K#98'%L+7)0+-%\+.)&+*)&A6

7d*+88+%3#0*/8&%C#&0#/*B&+M+-#"=#3B+#
21(-<*'(%#!<3(./'*#D=%/.&*#f(/-#
X/8/%*&%C#I!DfXJ#8&"1/1=#(%#3B+#XYZ[F 
$./C+#*1+-&3P#)3+M+#[&+2+1?#!1C(%%+#
4/'(%/8#f/"(1/3(1=F

physics

131,07232,7688,192
Number of Cores

12C ADLB ! GFMC on IBM BG/P

Ef
fic

ie
nc

y 
(%

)

Number of Nodes (4 OpenMP cores/node)

2,048
100

80

60

40

20

0
32,7688,1922,048512
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B0'%J'A%1"+--'08'%)?%*"#$%(&)q'1*%#$%*"'%"X8'%0X>.'&%
)?%1&A$*+-%>)>'0*X>%()#0*$%*)%1)0,'&8'%*"'%&'$X-*$/%
.X*%L+*X&'%"+$%.''0%,'&A%J#096%!"'$'%()#0*$%+&'%
#0*&#0$#1+--A%(+&+--'-+.-'6%!"#$%#$%5"'&'%*"'%>+$$#,'-A%
(+&+--'-%1)>(X708%()5'&%+*%*"'%[&8)00'%\'+9'&$"#(%
Z)>(X708%a+1#-#*A%(-+A$%+%.#8%&)-'6%B0'%*'+>%>'>.'&/%
=&6%o#"X+%F+#/%Z'0*'&%?)&%:0$*&X17)0/%K'$'+&1"%
+09%!'1"0)-)8A%SZ:K!U%+*%:09#+0+%<*+*'%;0#,'&$#*A/%
9','-)('9%*"'%(+&+--'-%a@e!Be[Y%1)9'6%!"#$%1)9'%
?X--A%'G(-)#*$%*"'%(+&+--'-%1)>(X708%()5'&6%!"#$%D0+--A%
'0+.-'$%*"'%&'$'+&1"'&$%*)%(X&$X'%*5)%0'5%?&)07'&$3%
SPU%)&.#*+-%>)>'0*X>%'G1#*+7)0/%+09%SIU%1)"'&'0*%
1)0*&)-%)?%$(#0%9A0+>#1$6

Director’s Discretionary Allocation:
M6T%e#--#)0%^)X&$

Calculating Laser-induced Ultrafast Magnetism

physics

Contact ! Guoping Zhang
:09#+0+%<*+*'%;0#,'&$#*A%%y%%8(f"+08W#09$*+*'6'9X

K'$'+&1"'&$%-'9%.A%YX)(#08%�"+08%?&)>%:09#+0+%
<*+*'%;0#,'&$#*A%+&'%?)1X$#08%)0%*"'%'>'&8#08%D'-9%
)?%-+$'&Q#09X1'9%?'>*)$'1)09%9'>+80'7f+7)0%#0%
?'&&)>+80'*$%5#*"%()*'07+-%+((-#1+7)0$%#0%>+80'71%
&'1)&9#086%!"'#&%8)+-%#$%*)%&','+-%*"'%>'1"+0#$>%)?%
X-*&+?+$*%9'>+80'7f+7)06%!"#$%5)&J%#$%$#80#D1+0*%
#0%*+&8'708%+%0'5%D'-9%5#*"%+%0'5%1)01'(*%
S?'>*)>+80'7$>U%+09%"+$%.&)+9'&%+((-#1+7)0$%#0%
>+80'71%&'1)&9#08%S?+$*'&%$5#*1"#08U6%!"'%&'$X-*$%
5#--%"+,'%#>()&*+0*%+((-#1+7)0$%#0%"#8"Q*'>('&+*X&'%
$X('&1)09X1*)&$%+09%*&+0$#7)0%>'*+-%)G#9'$6

!)%+1"#','%*"'#&%&'$'+&1"%8)+-/%*"'A%+&'%X$#08%0#1J'-%
*"#0%D->$%*)%#0,'$78+*'%*"'%1"+08'%#0%>+80'7f+7)0%
#09X1'9%.A%+%?'>*)$'1)09%-+$'&6%!"'%#0#7+-%*'$*%
&X0%5+$%,'&A%$X11'$$?X-6%d#*"%*"'%=#&'1*)&_$%
=#$1&'7)0+&A%+--)1+7)0%?&)>%[&8)00'/%*"'A%"+,'%
$")50%?)&%*"'%D&$*%7>'%*"+*%1)&&'-+7)0%.'*5''0%
)(71+-%+09%>+80'71%&'$()0$'%#09''9%'G#$*$%?)&%
-)08'&%-+$'&%(X-$'$6%!"'&'%#$%+%1-'+&%9'('09'01'%)0%
*"'%-+$'&%(X-$'%9X&+7)0%+09%*"'%'G1#*+7)0%'0'&8A6%
!"'%&'$'+&1"'&$%1)>(-'*'-A%>+(('9%)X*%")5%*"'%
>+80'7f+7)0%#$%1"+08'9%#0%*"'%'07&'%F&#--)X#0%
f)0'6%!"'#&%&'$X-*$%"+,'%.''0%(X.-#$"'9%#0%4/3<1+#
[B=0&*0#+09%[B=0&*/8#V+M&+90F%!"#$%(+,'$%*"'%5+A%
*)%*"'%?X*X&'%>+0#(X-+708%)&.#*+-%>)>'0*X>%#0%
?'&&)>+80'71%>+*'&#+-$%)0%+%$','&+-Q%"X09&'9Q
?'>*)$'1)09%7>'%$1+-'6

)*B+./'*#C+(.+31=#(:#3B+#'.+`1+0(8M+-#./C%+3(`(2'*/8#
p+11#+_+*3#I6V]Wp7JF#W%8=#3B+#(2'*/8#0&C%/8#Ip+11#+88&2'*&3=#
/%-#1(3/'(%J#&0#.+/0<1+-?#/%-#B(9#9+88#3B+#0&C%/8#1+G+*30#3B+#
./C%+'H/'(%#*B/%C+#(%#3B+#'.+#0*/8+#&0#L+=#3(#3B+#0<**+00#(:#
6V]Wp7F#$./C+#*1+-&3P##D1F#b&B</#X/&?#]0F#)/1/B#7-9/1-0(%`[&CC#
I5$V6#/3#$%-&/%/#)3/3+#U%&M+10&3=JF#

12*3#0

[0A%1)&&'-+7)0h

4#56-*3
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Cosmic Structure Probes of the Dark Universe
Early Science Program Allocation: 
PI%e#--#)0%^)X&$

physics

Contact ! Salman Habib
\)$%[-+>)$%L+7)0+-%\+.)&+*)&A%%y%%"+.#.@-+0-68),

[/1/88+8#M&0</8&H/'(%#I<0&%C#[/1/c&+9J#(:#3B+#-&031&"<'(%#(:#./00#
/0#31/*+-#"=#2/1'*8+0#&%#/#0<"`M(8<.+#(:#/#8/1C+#*(0.&*#0&.<8/'(%F#
]/00#*8<.20#&%3(#*(.2/*3#031<*3<1+0#*/88+-#B/8(0F#6B+#+88&20(&-0#
/1+#(1&+%3+-#/8(%C#3B+#M+8(*&3=#M+*3(1#(:#3B+#B/8(F#

)*/8&%C#(:#3B+#a!55#[(&00(%#0(8M+1#/*1(00#3B+#:<88#!1C(%%+#$X]#
X8<+#Y+%+Z[?#$%31+2&-F#6B+#"/*LC1(<%-#0B(90#3B+#-+%0&3=#,+8-#
:1(.#/%#Q`"&88&(%`2/1'*8+#a!55#0&.<8/'(%#1<%F

=+&J%'0'&8A%+09%9+&J%>+2'&%+&'%*"'%9)>#0+0*%
1)>()0'0*$%)?%*"'%;0#,'&$'6%!"'#&%X-7>+*'%0+*X&'/%
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Contact ! Don Lamb
!"'%;0#,'&$#*A%)?%Z"#1+8)%%y%%9Q-+>.WX1"#1+8)6'9X

\'+9'&$"#(Q1-+$$%1)>(X708%(&),#9'$%+0%X0(+&+--'-'9%
+.#-#*A%*)%>)9'-%+09%$#>X-+*'%!A('%:+%S*"'&>)0X1-'+&Q
()5'&'9U%$X('&0),+$6%!"'%+.#-#*A%*)%9)%MQ=/%
-+&8'Q$1+-'%$#>X-+7)0$%)?%*"'$'%'G(-)$#)0$%-'9%*)%
*"'%9#$1),'&A%)?%+0%'07&'-A%0'5%+09%X0'G('1*'9%
'G(-)$#)0%>'1"+0#$>/%*'&>'9%*"'%8&+,#*+7)0+--A%
1)0D0'9%9'*)0+7)0%SYZ=U%>)9'-/%.A%&'$'+&1"'&$%+*%
*"'%a-+$"%Z'0*'&%?)&%Z)>(X*+7)0+-%<1#'01'%+*%!"'%
;0#,'&$#*A%)?%Z"#1+8)6

=)0%\+>./%*"'%1'0*'&_$%9#&'1*)&/%+09%"#$%*'+>%+*%
*"'%a-+$"%Z'0*'&%"+,'%9)0'%'G*'0$#,'%$#>X-+7)0$%)?%
!A('%:+%$X('&0),+$/%+$%5'--%+$%J'A%("A$#1+-%(&)1'$$'$%
#>()&*+0*%*)%*"'%'G(-)$#)0$/%5#*"%1)>(X708%7>'%
+*%*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A%
+5+&9'9%*"&)X8"%=B@_$%:LZ:!@%(&)8&+>6%!A('%:+%
$X('&0),+$%+&'%+>)08%*"'%.&#8"*'$*%'G(-)$#)0$%#0%*"'%
X0#,'&$'/%>+J#08%*"'>%#>()&*+0*%*))-$%?)&%>'+$X&#08%
1)$>)-)8#1+-%9#$*+01'$6%!"'%8)+-%)?%*"'%1'0*'&_$%!A('%
:+%$X('&0),+%(&)q'1*%#$%*)%.'2'&%X09'&$*+09%*"'$'%
'G(-)$#)0$/%+09%.A%9)#08%$)/%"'-(%).$'&,'&$%X$'%
*"'>%*)%9'*'&>#0'%*"'%(&)('&7'$%)?%9+&J%'0'&8A/%
+%"A()*"'71+-%?)&>%)?%'0'&8A%*"+*%('&>'+*'$%+--%)?%
$(+1'6%;09'&$*+09#08%9+&J%'0'&8A%&+0J$%+>)08%*"'%
>)$*%1)>('--#08%(&).-'>$%#0%+--%)?%("A$#1+-%$1#'01'6

6=2+#$/#0<2+1%(M/0?#/.(%C#3B+#"1&CB3+03#
+d28(-&%C#03/10#&%#3B+#<%&M+10+?#/1+#k*(0.&*#
=/1-0'*L0l#9B(0+#/228&*/'(%#8+-#3(#3B+#
-&0*(M+1=#(:#-/1L#+%+1C=F#!031(2B=0&*&030#
/1+#*1+/'%C#8+/-+10B&2#*(.2<'%C#
0&.<8/'(%0#3(#"+x+1#<%-+103/%-#3B+0+#
+d28(0&(%0?#/%-#"=#-(&%C#0(?#B+82#("0+1M+10#
<0+#3B+.#3(#-+3+1.&%+#3B+#21(2+1'+0#(:#
-/1L#+%+1C=F#)B(9%#&0#/#E`D?#9B(8+`03/1#
0&.<8/'(%#(:#3B+#Y5D#.(-+8#(:#/#6=2+#
$/#0<2+1%(M/#/3#3B+#.(.+%3#/3#9B&*B#/#
-+3(%/'(%#9/M+#"+C&%0#3(#09++2#3B1(<CB#
3B+#9B&3+#-9/1:#03/1?#&%*&%+1/'%C#&3F#$./C+#
*(<13+0=#O8/0B#5+%3+1#:(1#5(.2<3/'(%/8#
)*&+%*+?#6B+#U%&M+10&3=#(:#5B&*/C(F

physics



40

in
c

it
e

2 0 1 1  A L C F  s c i e n c e  h i g h l i g h t s

:>(&),'9%,'&$#)0$%)?%.)*"%>'*")9$%?)&%-+i1'%
?'&>#)0$%+&'%X09'&%5+A6%a)&%9)>+#0Q5+--%?'&>#)0$/%
*"'%0'5-A%9','-)('9%n[XG='*p%>'*")9%5#--%('&>#*%
+%1-)$'&%+((&)+1"%*)%*"'%("A$#1+-/%-#8"*%mX+&J%-#>#*6%
a)&%$*+88'&'9%?'&>#)0$/%+0%#>(&),'9%9#$1&'7f+7)0%
>'*")9%Sn"#$mp%?'&>#)0$U%$X.$*+07+--A%&'9X1'$%
9#$1&'7f+7)0%'&&)&$6%L'5%'0$'>.-'$%5#*"%*"'%
#>(&),'9%>'*")9$%+&'%'G('1*'9%$))06%

INCITE Allocation: 
TR%e#--#)0%^)X&$

Deepening the Understanding of Interactions Between Quarks and Gluons
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Direct Multiobjective Optimization of Storage Ring Lattices 
for the APS Upgrade and Beyond
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!"'%$#>X-+7)0$%.'#08%1)09X1*'9%.A%\\L\%&'$'+&1"'&$%
5#--%8'0'&+*'%$1#'07D1%&'$X-*$%*"+*%5#--%"+,'%+%>+q)&%
#>(+1*%)0%*"'%0+7)0+-%#80#7)0%1+>(+#80b#0'&7+-%
?X$#)0b+$%5'--%+$%)0%*"'%?X09+>'0*+-%$1#'01'%)?%\E:6%
!"'$'%$*+*'Q)?Q*"'Q+&*%$#>X-+7)0$%+&'%)0-A%()$$#.-'%
.'1+X$'%)?%*"'%:LZ:!@%+5+&9%+--)1+*'9%*)%:0*&'(#9/% 
*"'%F-X'%Y'0'4E%$A$*'>%+*%*"'%[\Za6

INCITE Allocation: 
TR%e#--#)0%^)X&$

Simulating Laser-Plasma Interactions in Targets 
for the National Ignition Facility and Beyond

Contact ! Denise Hinkel
\+5&'01'%\#,'&>)&'%L+7)0+-%\+.)&+*)&A%%y%%"#0J'-PW--0-68),

\+5&'01'%\#,'&>)&'%L+7)0+-%\+.)&+*)&A%S\\L\U%"+$%
.''0%*+$J'9%5#*"%+1"#',#08%#80#7)0%+*%*"'%L+7)0+-%
:80#7)0%a+1#-#*A%SL:aU6%[0%#>()&*+0*%+$('1*%)?%*"'%
#80#7)0%1+>(+#80%#0,)-,'$%mX+07*+7,'%(&'9#17)0%
)?%*"'%-','-%)?%-+$'&%.+1J$1+2'&%#0%*"'$'%*+&8'*$6%
e#78+7)0%)?%-+$'&%.+1J$1+2'&%#$%#>()&*+0*/%+$%
.+1J$1+2'&%&'9X1'$%*"'%+>)X0*%)?%#0(X*%'0'&8A%
+,+#-+.-'%?)&%9&#,#08%*"'%?X$#)0%(&)1'$$6%:*%1+0%+-$)%
+-*'&%#>(-)$#)0%$A>>'*&A%+$%5'--%+$%(&'"'+*%*"'%
#80#7)0%1+($X-'%,#+%8'0'&+7)0%)?%")*%'-'1*&)0$6

K'1'0*%'G('&#>'0*+-%&'$X-*$%?&)>%*"'%L+7)0+-%
:80#7)0%Z+>(+#80%+*%L:a%$")5%*"+*%.+1J$1+2'&%
)11X&$%#0%*"'%-+$'&%*+&8'*%5"'&'%mX+9$%)?%-+$'&%.'+>$%
+&'%),'&-+(('96%!"'%8)+-%)?%*"'$'%$#>X-+7)0$%#$%*)%
mX+07?A%")5%),'&-+((#08%.'+>%mX+9$%#>(+1*%-+$'&%
.+1J$1+2'&6%<")50%"'&'%+&'%*5)%9#c'&'0*%-+$'&%
.'+>%#0(X*$%*)%(aM=%$#>X-+7)0$%('&?)&>'9%)0%
:0*&'(#9/%*"'%:Fe%F-X'%Y'0'4E%$X('&1)>(X*'&%+*%
*"'%[&8)00'%\'+9'&$"#(%Z)>(X708%a+1#-#*A%S[\ZaU6%
!"'$'%$#>X-+7)0$%X$'9%OR�%)?%*"'%>+1"#0'%?)&%
+((&)G#>+*'-A%*"&''%5''J$6%!"'%D&$*%$#>X-+7)0% 
S*)(%#>+8'U%9'*'&>#0'9%*"+*%*5)%),'&-+((#08%mX+9$%
#0%*"'%&'8#)0%)?%.+1J$1+2'&%1+0%$"+&'%+%&']'1*'9%
-#8"*%5+,'/%5"#1"%+1*$%*)%#01&'+$'%&']'17,#*A6%!"'%
$'1)09%$#>X-+7)0%S.)2)>%#>+8'U%9'*'&>#0'9%*"+*%
$(+7+-%0)0QX0#?)&>#*A%+1&)$$%*"'%mX+9$/%+$%#$%#>()$'9%
.A%1&)$$'9Q.'+>%*&+0$?'&%?&)>%)*"'&%mX+9$%)?%L:a%
.'+>$/%+-$)%+1*$%*)%#01&'+$'%&']'17,#*A6%F)*"%'c'1*$%
+&'%#>()&*+0*%*)%#01-X9'%5"'0%$#>X-+708%.'+>%
(&)(+8+7)0%+09%.+1J$1+2'&%#0%L+7)0+-%:80#7)0%
Z+>(+#80%*+&8'*$6

f/0+1#&%2<3#3(#/#2OED#0&.<8/'(%#(:#39(#4$O#8/0+1#v</-0#
21(2/C/'%C#3B1(<CB#/%#&C%&'(%#3/1C+3F#a+1+?#2(9+1#31/%0:+11+-#
:1(.#(3B+1#v</-0#21(M&-+0#/#02/'/88=#%(%`<%&:(1.#-&031&"<'(%#(:#
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0B/1+-#1+G+*3+-#8&CB3#9/M+F

f/0+1#&%2<3#3(#/#2OED#0&.<8/'(%#(:#39(#4$O#8/0+1#v</-0#
21(2/C/'%C#3B1(<CB#/%#&C%&'(%#3/1C+3F#a+1+?#2(9+1#31/%0:+11+-#
:1(.#(3B+1#v</-0#(:#8/0+1#"+/.0#&0#-&031&"<3+-#<%&:(1.8=#/*1(00#
3B+#8/0+1#"+/.0F#69(#v</-0#(M+18/2#&%#3B+#0&.<8/3+-#1+C&(%F#6B&0#
+%B/%*+0#1+G+*'M&3=#3B1(<CB#/#0B/1+-#1+G+*3+-#8&CB3#9/M+F

physics
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Coming Soon to the ALCF: Mira
d+*1"%?)&%e#&+/%:Fe_$%0'G*Q8'0'&+7)0%F-X'%Y'0'4l%$X('&1)>(X*'&/%*)%.'%9'-#,'&'9%*)%*"'%[&8)00'%\'+9'&$"#(%
Z)>(X708%a+1#-#*A%S[\ZaU%#0%IRPI6%%Z)>(X*+7)0+-%$1#'07$*$%+09%'08#0''&$%-))J%*)%*"'%$(''9/%>'>)&A%$#f'/%+09%
9#$J%$*)&+8'%1+(+1#*A%)?%*"#$%-'+9'&$"#(Q1-+$$%$A$*'>%*)%(&)('-%#00),+7)0%#0%$1#'01'%+09%*'1"0)-)8A6

!"'%PRQ('*+])($%$X('&1)>(X*'&%5#--%?'+*X&'%VO%t%PHQ5+A%1)>(X*'%0)9'$%SNHO%t%(&)1'$$)&$U/%+09%NHO%*'&+.A*'$%
)?%>'>)&A6%\#J'%*"'%[\Za_$%:0*&'(#9/%*"'%:Fe%F-X'%Y'0'4E%$A$*'>/%e#&+%5#--%.'%

>+9'%+,+#-+.-'%*)%$1#'07$*$%?&)>%#09X$*&A/%+1+9'>#+/%+09%
8),'&0>'0*%&'$'+&1"%?+1#-#7'$%+&)X09%*"'%
5)&-96

[&8)00'%+071#(+*'$%*"+*%e#&+%5#--%.'%)0'%
)?%*"'%?+$*'$*%+09%>)$*%'0'&8AQ'C1#'0*%
$X('&1)>(X*'&$%#0%*"'%5)&-9%+s'&%#*$%
1)0$*&X17)0%+09%#0$*+--+7)0%+&'%1)>(-'*'/%
9X'%*)%+%1)>.#0+7)0%)?%#00),+7,'%0'5%1"#(%
9'$#80$%+09%'G*&'>'-A%'C1#'0*%5+*'&%1))-#086

[&8)00'%+-$)%'0,#$#)0$%e#&+%+$%+%$*'((#08Q
$*)0'%*)%'G+$1+-'Q1-+$$%1)>(X*'&$6%@G+$1+-'%
1)>(X708%"+$%*"'%()*'07+-%*)%+99&'$$%+%1-+$$%
)?%"#8"-A%1)>(-'G%5)&J%-)+9$%*"+*%?)&>'&-A%
"+,'%.''0%.'A)09%$1#'07$*$_%&'+1"b0)*%qX$*%
9X'%*)%*"'#&%$"''&%$#f'/%.X*%.'1+X$'%)?%*"'#&%
#0"'&'0*%X01'&*+#07'$%+09%X0(&'9#1*+.#-#*Ab
1"+--'08'$%-#J'%X09'&$*+09#08%*"'%#>(+1*$%)?%
&'8#)0+-%1-#>+*'%1"+08'%+09%*"'%9'$#80%)?%$+?'%
0X1-'+&%&'+1*)&$6

e#&+%5#--%)c'&%+0%)(()&*X0#*A%?)&%$1#'07$*$%
*)%.'1)>'%?+>#-#+&%5#*"%1"+&+1*'&#$71$%)?%
'G+$1+-'%$A$*'>$%+09%*"'%(&)8&+>>#08%
1"+08'$%*"'A%5#--%&'mX#&'6%a)&%'G+>(-'/%#*%
5#--%(&),#9'%+%(-+|)&>%?)&%$1+-#08%1X&&'0*%
1)>(X*'&%1)9'$%*)%>)&'%*"+0%NTR/RRR%
#09#,#9X+-%1)>(X708%1)&'$%+09%'G(-)&#08%
*"&'+9Q)&#'0*'9%(&)8&+>>#086%!"#$%1+(+.#-#*A%

5#--%8#,'%&'$'+&1"'&$%(&'-#>#0+&A%'G('&#'01'%)0%
")5%$1+-+.#-#*A%>#8"*%.'%+1"#','9%)0%+0%'G+$1+-'Q1-+$$%$A$*'>%

5#*"%"X09&'9$%)?%>#--#)0$%)?%1)&'$6

B01'%e#&+%#$%#0%(&)9X17)0/%1)>(X*'&%7>'%5#--%.'%+5+&9'9%*"&)X8"%*"'%='(+&*>'0*%)?%@0'&8A_$%:LZ:!@%+09%[\ZZ%
(&)8&+>$/%+$%5'--%+$%*"&)X8"%[&8)00'_$%=#&'1*)&_$%=#$1&'7)0+&A%(&)q'1*$6%d+*1"%?)&%*"'%&'>+&J+.-'%$1#'07D1%
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next-generation HPC
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INCITE
:0%IRPP/%MR%(&)q'1*$%#0%9#,'&$'%$1#'07D1%9#$1#(-#0'$%5'&'%+5+&9'9%+((&)G#>+*'-A%NMI%>#--#)0%$X('&1)>(X*'&%
1)&'Q")X&$%)0%*"'%F-X'%Y'0'4E%+*%*"'%[\Za%*"&)X8"%*"'%='(+&*>'0*%)?%@0'&8A_$%:LZ:!@%S:00),+7,'%+09%L),'-%
Z)>(X*+7)0+-%:>(+1*%)0%!"')&A%+09%@G('&#>'0*U%E&)8&+>6%B?%*"'$'/%PI%(&)q'1*$%5'&'%&'0'5'9%?&)>%IRPR/%
+09%PO%+&'%0'5%(&)q'1*$6

research projects

biological sciences
Multiscale Blood Flow Simulations 
Y+(1C+#p/1%&/-/L&0?#X1(9%#U%&M+10&3=
!88(*/'(%P#uA#]&88&(%#a(<10

Protein-Ligand Interaction Simulations  
and Analysis 
6F#!%-1+9#X&%L(90L&?#!1C(%%+#4/'(%/8#f/"(1/3(1=#
!88(*/'(%P#@A#]&88&(%#a(<10

Simulation and Modeling of Membranes 
Interactions with Unstructured Proteins and 
Computational Design of Membrane Channels  
for Absorption of Specified Ions 
$C(1#60&C+8%=?#U%&M+10&3=#(:#5/8&:(1%&/�)/%#D&+C(
!88(*/'(%P#h#]&88&(%#a(<10

Towards Breakthroughs in Protein Structure  
Calculation and Design
D/M&-#X/L+1?#U%&M+10&3=#(:#T/0B&%C3(%#
!88(*/'(%P#EA#]&88&(%#a(<10

chemistry
!"#$%&'( Dynamical Simulations  
for the Prediction of Bulk Properties 
6B+1+0/#T&%-<0?#$(9/#)3/3+#U%&M+10&3=
!88(*/'(%P#>A#]&88&(%#a(<10

Large Eddy Simulation of Two-phase Flow  
Combustion in Gas Turbines
6B&+11=#[(&%0(3?#7<1(2+/%#5+%31+#:(1#V+0+/1*B# 
/%-#!-M/%*+-#61/&%&%C#&%#)*&+%',*#5(.2<3/'(%
!88(*/'(%P#>A#]&88&(%#a(<10

Potential Energy Surfaces for Simulating  
Complex Chemical Processes
D(%/8-#61<B8/1?#U%&M+10&3=#(:#]&%%+0(3/
!88(*/'(%P#>u#]&88&(%#a(<10

Simulations of Deflagration-to-Detonation 
Transition in Reactive Gases 
!8+d+&#pB(LB8(M?#6B+#U%&M+10&3=#(:#5B&*/C(
!88(*/'(%P#>Q#]&88&(%#a(<10

computer science
Performance Evaluation and Analysis  
Consortium End Station
[/31&*L#T(18+=?#W/L#V&-C+#4/'(%/8#f/"(1/3(1=#
!88(*/'(%P#>A#]&88&(%#a(<10

Scalable System Software for Performance  
and Productivity
79&%C#f<0L?#!1C(%%+#4/'(%/8#f/"(1/3(1=#
!88(*/'(%P#u#]&88&(%#a(<10

Trace Collection for Simulation-driven  
Co-design of Exascale Platforms and Codes
D/M&-#7M+%0L=?#)/%-&/#4/'(%/8#f/"(1/3(1=#
!88(*/'(%P#u#]&88&(%#a(<10

earth science
Climate-Science Computational Development 
Team: The Climate End Station II
T/11+%#T/0B&%C3(%?#4/'(%/8#5+%3+1# 
:(1#!3.(02B+1&*#V+0+/1*B
!88(*/'(%P#hA#]&88&(%#a(<10

Deterministic Simulations of Large Regional 
Earthquakes at Frequencies up to 4Hz
6B(./0#;(1-/%?#U%&M+10&3=#(:#)(<3B+1%#5/8&:(1%&/##
!88(*/'(%P#>A#]&88&(%#a(<10

Numerical Study of Multiscale Coupling  
in Low-Aspect Ratio Rotating Stratified 
Turbulence
)<0/%#p<1&+%?#f(0#!8/.(0#4/'(%/8#f/"(1/3(1=
!88(*/'(%P#Eu#]&88&(%#a(<10

energy technologies
Advanced Reactor Thermal Hydraulic Modeling 
[/<8#O&0*B+1?#!1C(%%+#4/'(%/8#f/"(1/3(1=
!88(*/'(%P#@u#]&88&(%#a(<10

Large Eddy Simulation for Green Energy  
and Propulsion Systems
U.+0B#[/8&/3B?#Y7#Y8("/8#V+0+/1*B
!88(*/'(%P#@A#]&88&(%#a(<10

Understanding the Ultimate Battery Chemistry: 
Rechargeable Lithium/Air
;/*L#T+880?#W/L#V&-C+#4/'(%/8#f/"(1/3(1=#
!88(*/'(%P#>u#]&88&(%#a(<10
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engineering
Detached-Eddy Simulations and Noise 
Predictions for Tandem Cylinders
[B&8&22+#)2/8/13?#X(+&%C#
!88(*/'(%P#hu#]&88&(%#a(<10

Simulation of High Reynolds Number  
Turbulent Boundary Layers
V("+13#](0+1?#U%&M+10&3=#(:#6+d/0#/3#!<0'%
!88(*/'(%P#hA#]&88&(%#a(<10

Turbulent Multi-material Mixing in the  
Richtmyer-Meshkov Instability
)/%m&M/#f+8+?#)3/%:(1-#U%&M+10&3=
!88(*/'(%P#>@#]&88&(%#a(<10

Uncertainty Quantification for Turbulent Mixing
;/.+0#Y8&..?#)3(%=#X1((L#U%&M+10&3=
!88(*/'(%P#>A#]&88&(%#a(<10

materials science
High-Fidelity Simulation of Complex  
Suspension Flow for Practical Rheometry
T&88&/.#Y+(1C+?#4/'(%/8#$%0'3<3+#(:#)3/%-/1-0# 
/%-#6+*B%(8(C=
!88(*/'(%P#@u#]&88&(%#a(<10

Petascale Simulations of Stress  
Corrosion Cracking
[1&=/#c/0B&0B3/?#U%&M+10&3=#(:#)(<3B+1%#5/8&:(1%&/#
!88(*/'(%P#hu#]&88&(%#a(<10

Probing the Non-scalable Nano Regime  
in Catalytic Nanoparticles with Electronic  
Structure Calculations
;+_1+=#Y1++8+=?#!1C(%%+#4/'(%/8#f/"(1/3(1=#
!88(*/'(%P#>u#]&88&(%#a(<10

Vibrational Spectroscopy of Liquid Mixtures  
and Solid/Liquid Interfaces
Y&<8&/#Y/88&?#U%&M+10&3=#(:#5/8&:(1%&/�D/M&0
!88(*/'(%P#>u#]&88&(%#a(<10

physics
Advanced Simulations of Plasma Microturbulence 
at the Petascale and Beyond
T&88&/.#6/%C?#[1&%*+3(%#[8/0./#[B=0&*0#f/"(1/3(1=
!88(*/'(%P#Q#]&88&(%#a(<10

Lattice QCD
[/<8#]/*L+%H&+?#O+1.&#4/'(%/8# 
!**+8+1/3(1#f/"(1/3(1=
!88(*/'(%P#uA#]&88&(%#a(<10

Nuclear Structure and Nuclear Reactions
;/.+0#c/1=?#$(9/#)3/3+#U%&M+10&3=
!88(*/'(%P#>u#]&88&(%#a(<10

Simulations of Laser-plasma Interactions  
in Targets for the National Ignition Facility  
and Beyond
D+%&0+#a&%L+8?#f/91+%*+#f&M+1.(1+#4/'(%/8#f/"(1/3(1=#
!88(*/'(%P#uA#]&88&(%#a(<10

Study of Buoyancy-driven Turbulent  
Nuclear Burning and Validation  
of Type Ia Supernova Models
D(%/8-#f/."?#6B+#U%&M+10&3=#(:#5B&*/C(
!88(*/'(%P#QA#]&88&(%#a(<10

research projects
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ASCR Leadership Computing Challenge
B('0%*)%$1#'07$*$%?&)>%*"'%&'$'+&1"%1)>>X0#*A%#0%+1+9'>#+%+09%#09X$*&A/%*"'%[<ZK%\'+9'&$"#(%Z)>(X708%
Z"+--'08'%S[\ZZU%(&)8&+>%+--)1+*'$%X(%*)%MR%('&1'0*%)?%*"'%1)>(X*+7)0+-%&'$)X&1'$%+*%*"'%[&8)00'%\'+9'&$"#(%
Z)>(X708%a+1#-#*A/%L@K<Z%+09%B+J%K#98'6%E&)q'1*$%#0%*"'%(&)8&+>%+&'%)?%$('1#+-%#0*'&'$*%*)%*"'%='(+&*>'0*/%
5#*"%+0%'>("+$#$%)0%"#8"Q&#$J/%"#8"Q(+A)c%$#>X-+7)0$%#0%+&'+$%9#&'1*-A%&'-+*'9%*)%*"'%='(+&*>'0*_$%'0'&8A%
>#$$#)0/%0+7)0+-%'>'&8'01#'$/%)&%?)&%.&)+9'0#08%*"'%1)>>X0#*A%)?%&'$'+&1"'&$%1+(+.-'%)?%X$#08%-'+9'&$"#(%
1)>(X708%&'$)X&1'$6%E&)()$+-$%+&'%+5+&9'9%+0%[\ZZ%+--)1+7)0%.+$'9%)0%+%(''&%&',#'5%?)&%$1#'07D1%>'&#*%+09%
1)>(X*+7)0+-%&'+9#0'$$6%

chemistry
Electrocatalyst Durability from First Principles 
Calculations
[$P#;+_1+=#Y1++8+=?#!1C(%%+#4/'(%/8#f/"(1/3(1=
!88(*/'(%P#@A#]&88&(%#a(<10

earth science
Sensitivity and Uncertainty of Precipitation of a 
Climate Model 
[$P#f/<1/#o/."(%&?#!1C(%%+#4/'(%/8#f/"(1/3(1=
!88(*/'(%P#hA#]&88&(%#a(<10

Simulating Regional Climate at Convection-
permitting Resolution
[$P#Y1+C#a(88/%-?#4/'(%/8#5+%3+1#:(1#!3.(02B+1&*# 
V+0+/1*B#I45!VJ#7/13B#)=03+.#f/"(1/3(1=
!88(*/'(%P#>E#]&88&(%#a(<10

energy technologies
First Principles Calculations of Interfaces in 
Electrical Energy Storage Systems
[$P#f/11=#5<1'00?#!1C(%%+#4/'(%/8#f/"(1/3(1=
!88(*/'(%P#EA#]&88&(%#a(<10

research projects

engineering
Prediction of Supersonic Jet Noise Using Large 
Eddy Simulation
[$P#[/1M&H#](&%?#)3/%:(1-#U%&M+10&3=
!88(*/'(%P#RA#]&88&(%#a(<10

The Interactions Between Vaporizing Liquid 
Droplets and a Turbulent Flow: Fully Resolved 
Direct Numerical Simulation
[$P#)/&-#78CB("/0B&?#U%&M+10&3=#(:#5/8&:(1%&/?#$1M&%+
!88(*/'(%P#>A#]&88&(%#a(<10

materials science
Toward Crystal Engineering from First Principles
[$P#;/.+0#5B+8&L(90L=?#U%&M+10&3=#(:#6+d/0#/3#!<0'%
!88(*/'(%P#>@#]&88&(%#a(<10
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research projects

Early Science Program (ESP)
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biological sciences 
Multiscale Molecular Simulations at the Petascale
[$P#Y1+C(1=#c(3B?#6B+#U%&M+10&3=#(:#5B&*/C(
!88(*/'(%P#>uA#]&88&(%#a(<10#]/3+1&/80#)*&+%*+

biophysics 
NAMD - The Engine for Large-Scale Classical MD 
Simulations of Biomolecular Systems Based  
on a Polarizable Force Field
[$P#X+%(&3#V(<d?#6B+#U%&M+10&3=#(:#5B&*/C(
!88(*/'(%P#QA#]&88&(%#a(<10

chemistry
Accurate Numerical Simulations of Chemical 
Phenomena Involved in Energy Production and 
Storage with MADNESS and MPQC
[$P#V("+13#a/11&0(%?#W/L#V&-C+#4/'(%/8#f/"(1/3(1=
!88(*/'(%P#>uA#]&88&(%#a(<10

High-Accuracy Predictions of the Bulk  
Properties of Water
[$P#]/1L#Y(1-(%?#$(9/#)3/3+#U%&M+10&3=
!88(*/'(%P#>uA#]&88&(%#a(<10

High-Speed Combustion and Detonation (HSCD)
[$P#!8+d+&#pB(LB8(M?#6B+#U%&M+10&3=#(:#5B&*/C(
!88(*/'(%P#>uA#]&88&(%#a(<10

earth science
Climate-Weather Modeling Studies  
Using a Prototype Global Cloud-System  
Resolving Model
[$P#c+%L/31/./%&#X/8/m&?#Y+(2B=0&*/8#O8<&-# 
D=%/.&*0#f/"(1/3(1=
!88(*/'(%P#>uA#]&88&(%#a(<10

engineering
Direct Numerical Simulation  
of Autoignition in a Jet in a Cross-Flow
[$P#5B1&03(0#O1(<H/L&0?#)9&00#O+-+1/8#$%0'3<3+#(:#6+*B%(8(C=
!88(*/'(%P#>uA#]&88&(%#a(<10

Petascale, Adaptive CFD
[$P#p+%%+3B#;/%0+%?#U%&M+10&3=#(:#5(8(1/-(�X(<8-+1
!88(*/'(%P#>uA#]&88&(%#a(<10

Petascale Direct Numerical Simulations  
of Turbulent Channel Flow
[$P#V("+13#](0+1?#U%&M+10&3=#(:#6+d/0
!88(*/'(%P#RA#]&88&(%#a(<10

geophysics
Using Multi-scale Dynamic Rupture Models  
to Improve Ground Motion Estimates
[$P#6B(./0#;(1-/%?#U%&M+10&3=#(:#)(<3B+1%#5/8&:(1%&/
!88(*/'(%P#>uA#]&88&(%#a(<10

materials science
Materials Design and Discovery:  
Catalysis and Energy Storage
[$P#f/11=#5<1'00?#!1C(%%+#4/'(%/8#f/"(1/3(1=
!88(*/'(%P#uA#]&88&(%#a(<10

physics
Ab-initio Reaction Calculations for Carbon-12
[$P#)3+M+%#5F#[&+2+1?#!1C(%%+#4/'(%/8#f/"(1/3(1=
!88(*/'(%P#>>A#]&88&(%#a(<10

Cosmic Structure Probes of the Dark Universe
[$P#)/8./%#a/"&"?#f(0#!8/.(0#4/'(%/8#f/"(1/3(1=
!88(*/'(%P#>uA#]&88&(%#a(<10

Global Simulation of Plasma Microturbulence  
at the Petascale and Beyond
[$P#T&88&/.#6/%C?#[1&%*+3(%#[8/0./#[B=0&*0#f/"(1/3(1=
!88(*/'(%P#uA#]&88&(%#a(<10

Lattice Quantum Chromodynamics
[$P#[/<8#]/*L+%H&+?#O+1.&8/"
!88(*/'(%P#>uA#]&88&(%#a(<10

Petascale Simulations of Turbulent Nuclear 
Combustion
[$P#D(%#f/."?#6B+#U%&M+10&3=#(:#5B&*/C(
!88(*/'(%P#>uA#]&88&(%#a(<10
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biological sciences
Computer-Aided Design of Vaccine Nanoparticles
[$P#[+3+1#W13(8+M/?#$%-&/%/#U%&M+10&3=�X8((.&%C3(% 
!88(*/'(%P#@F@u#]&88&(%#a(<10

Load-Balanced Spike Communication  
in Large-Scale Neural Networks 
[$P#]&*B/+8#a&%+0?#b/8+#U%&M+10&3= 
!88(*/'(%P#��A?AAA#a(<10

computer science
I/O Forwarding Scalability Layer
[$P#V("#V(00?#!1C(%%+#4/'(%/8#f/"(1/3(1= 
!88(*/'(%P#>Fu#]&88&(%#a(<10

Many Task Computing Science Applications
[$P#]&*B/+8#T&8-+?#!1C(%%+#4/'(%/8#f/"(1/3(1= 
!88(*/'(%P#E#]&88&(%#a(<10

earth science
Large-Scale Hurricane Simulations
[$P#;/.+0#D(%+?#4/'(%/8#5+%3+1#:(1#!3.(02B+1&*#V+0+/1*B 
!88(*/'(%P#>E#]&88&(%#a(<10

Oil Plume Behavior
[$P#6/./=#sHC�L.+%?#U%&M+10&3=#(:#]&/.& 
!88(*/'(%P#@FE#]&88&(%#a(<10##

research projects

engineering
Interactions between Vaporizing Liquid Droplets 
and a Turbulent Flow: Fully Resolved DNS
[$P#)/&-#78CB("/0B&?#U%&M+10&3=#(:#5/8&:(1%&/�$1M&%+ 
!88(*/'(%P#>F@#]&88&(%#a(<10

Large Eddy Simulation of Turbulent Mixing  
by Rayleigh-Taylor Instability
[$P#;/.+0#Y8&..?#)3(%=#X1((L#U%&M+10&3= 
!88(*/'(%P#>Fu#]&88&(%#a(<10

physics
First-Principles Calculations of Laser-Induced 
Ultrafast Magnetism
[$P#Y<(2&%C#oB/%C?#$%-&/%/#)3/3+#U%&M+10&3= 
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