
�

352*5(66 2) -$(5, 1(87521 6&,(1&( 352-(&7

<XNLR 2\DPD
-DSDQ $WRPLF (QHUJ\ 5HVHDUFK ,QVWLWXWH
7RNDL�PXUD� 1DND�JXQ� ,EDUDNL�NHQ -DSDQ

R\DPD#IEVKS�WRNDL�MDHUL�JR�MS

1HXWURQ 6FLHQFH 3URMHFW ZDV VWDUWHG DW -DSDQ $WRPLF (QHUJ\ 5HVHDUFK ,QVWLWXWH
VLQFH ���� IRU SURPRWLQJ IXWXULVWLF EDVLF VFLHQFH DQG QXFOHDU WHFKQRORJ\ XWLOL]LQJ
QHXWURQV� )RU WKLV SXUSRVH� UHVHDUFK DQG GHYHORSPHQWV RI LQWHQVH SURWRQ DFFHOHUDWRU
DQG VSDOODWLRQ QHXWURQ WDUJHW ZHUH LQLWLDWHG� 7KH SUHVHQW SDSHU GHVFULEHV WKH FXUUHQW
VWDWXV RI VXFK UHVHDUFK DQG GHYHORSPHQWV�
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$W WKH PLGGOH RI ����©V� -$(5, KDV LQLWLDWHG SUHOLPLQDU\ VWXG\ IRU WKH SDUWLWLRQLQJ DQG
WUDQVPXWDWLRQ RI ORQJ�OLYHG UDGLR�QXFOLGHV ZKLFK DUH SURGXFHG LQ QXFOHDU SRZHU JHQHUDWLRQ� ,Q �����
WKH $WRPLF (QHUJ\ &RPPLVVLRQ VHW WKH ORQJ WHUP SDUWLWLRQLQJ DQG WUDQVPXWDWLRQ 5	' SURJUDP
¦20(*$§� L�H�� 2SWLRQV 0DNLQJ ([WUD *DLQ IURP $FWLQLGH DQG ILVVLRQ SURGXFWV� ,Q WKH FRXUVH RI
GLVFXVVLRQ RQ SURWRQ DFFHOHUDWRU GHYHORSPHQW IRU WKH 20(*$ SURMHFW� LW ZDV UHFRJQL]HG WKDW QHXWURQ
VFDWWHULQJ FRPPXQLW\ GHVLUHV WR KDYH YHU\ KLJK QHXWURQ VRXUFH VWUHQJWK� WZR RUGHU RI PDJQLWXGH
VWURQJHU WKDQ WKDW RI H[LVWLQJ RQHV� 7KLV IXWXUH VRXUFH LV DOVR GLVFXVVHG LQ FRQMXQFWLRQ ZLWK
FRQWLQXDWLRQ RI -$(5, UROH DV D QHXWURQ VXSSOLHU LQ IXWXUH� EHFDXVH -$(5, KDV EHHQ RQH RI PDMRU
QHXWURQ VXSSOLHUV IRU EDVLF VFLHQFH FRPPXQLW\ LQ -DSDQ ZLWK LWV UHVHDUFK UHDFWRU -55��0�

&RPELQLQJ UHTXLUHPHQWV RI EDVLF DQG QXFOHDU VFLHQFHV� -$(5, KDG VWDUWHG WKH 1HXWURQ
6FLHQFH 3URMHFW LQ ����� 7KH 1HXWURQ 6FLHQFH 3URMHFW DW -$(5, LV QRZ SUHSDULQJ D FRQFHSWXDO GHVLJQ
IRU D UHVHDUFK FRPSOH[ XWLOL]LQJ VSDOODWLRQ QHXWURQV� LQFOXGLQJ D KLJK LQWHQVLW\ SXOVHG DQG FZ
VSDOODWLRQ QHXWURQ VRXUFH� $IWHU FRPSOHWLRQ RI DFFHOHUDWRU DQG IDFLOLW\ FRQVWUXFWLRQV� WKH SURMHFW ZLOO
LQYROYH UHVHDUFKHV� XWLOL]LQJ QHXWURQV� IRU EDVLF VFLHQFH DQG WHFKQRORJ\ GHYHORSPHQW RI DFFHOHUDWRU
WUDQVPXWDWLRQ RI ORQJ�OLYHG QXFOLGHV DVVRFLDWHG ZLWK QXFOHDU SRZHU JHQHUDWLRQ�
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7KH 1HXWURQ 6FLHQFH 3URMHFW DLPV DW SXVKLQJ UHVHDUFKHV� XWLOL]LQJ QHXWURQV� IRU EDVLF VFLHQFH
DQG WHFKQRORJ\ GHYHORSPHQW RI DFFHOHUDWRU WUDQVPXWDWLRQ� 7KH SURMHFWV LQFOXGHV 5	' DQG
FRQVWUXFWLRQ RI DQ � 0: ���� *H9� ��� P$� VXSHU�FRQGXFWLQJ SURWRQ OLQDF� D � 0: WDUJHW VWDWLRQ
ZLWK FRPSUHVVLRQ VWRUDJH ULQJV WR DOORZ VKRUW QHXWURQ SXOVHV IRU QHXWURQ VFDWWHULQJ UHVHDUFK� DQG
UHVHDUFK IDFLOLWLHV IRU WUDQVPXWDWLRQ HQJLQHHULQJ� QHXWURQ SK\VLFV� PDWHULDO LUUDGLDWLRQ� PHGLFDO
LVRWRSHV SURGXFWLRQ� VSDOODWLRQ 5, EHDP SURGXFWLRQ IRU H[RWLF QXFOHL LQYHVWLJDWLRQ�

%DVLF VFLHQFH LQ WKH 1HXWURQ 6FLHQFH 3URMHFW FRYHUV QHXWURQ VFDWWHULQJ UHVHDUFKHV VXFK DV
VWUXFWXUDO ELRORJ\ IRU LQYHVWLJDWLQJ WKH VWUXFWXUH DQG G\QDPLFV RI ELRORJLFDO PROHFXOHV� DGYDQFHG
PDWHULDO VFLHQFH �H�J�� XQGHU H[WUHPH FRQGLWLRQV�� KLJK�HQHUJ\ QHXWURQ VFLHQFH �H�J�� VSDOODWLRQ
SKHQRPHQD�� QXFOHDU FURVV�VHFWLRQ PHDVXUHPHQWV IRU WUDQVPXWDWLRQ VWXG\� KHDY\�LRQ VFLHQFH IRU
FUHDWLQJ XQVWDEOH KHDY\ QXFOHL WKURXJK VSDOODWLRQ� DQG V\QWKHVLV RI VXSHU KHDY\ H[WUHPHO\�QHXWURQ�ULFK
QXFOHL� 0XRQ IDFLOLW\ LV DOVR SRVVLEOH EXW KDV QRW EHHQ LQYHVWLJDWHG \HW LQ GHWDLO�

)RU QXFOHDU HQHUJ\ UHVHDUFK� D UHGXFWLRQ RI HQYLURQPHQWDO LPSDFW RI GLVSRVDO LQ D GHHS
JHRORJLF IRUPDWLRQ RI KLJK OHYHO ORQJ�OLYHG UDGLR�ZDVWHV IURP UHSURFHVVHG IXHOV LV WKH NH\ TXHVWLRQ IRU
QXFOHDU WUDQVPXWDWLRQ WHFKQRORJ\� 7KHVH ORQJ� OLYHG DFWLYLWLHV DUH DFWLQLGHV VXFK DV 1S����� $P�����
$P���� DQG &P���� DQG ILVVLRQ SURGXFWV VXFK DV 7F��� DQG ,����� 7KH QXFOHDU WUDQVPXWDWLRQ LV
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FDUULHG RXW PDLQO\ E\ IDVW QHXWURQ ILVVLRQ IRU PLQRU DFWLQLGHV� 7KH V\VWHP FRQVLVWV RI VXE�FULWLFDO FRUH
ZLWK PLQRU DFWLQLGHV IXHOV FHQWHUHG E\ VSDOODWLRQ QHXWURQ WDUJHW� )RU GHYHORSPHQW RI WKH V\VWHP�
UHVHDUFK DQG GHYHORSPHQWV ZLOO EH PDGH E\ WKLV IDFLOLW\ FRPSOH[�

:LWK UDWKHU KLJK SRZHU EHDP IRU QXFOHDU WUDQVPXWDWLRQ VWXG\� PDWHULDO LUUDGLDWLRQ IDFLOLW\ LV
DOVR FRQVLGHUHG ZKLFK DLPV DW PDWHULDO GHYHORSPHQW IRU IXVLRQ UHDFWRU DQG QXFOHDU WUDQVPXWDWLRQ
V\VWHP� 3RVVLELOLW\ RI UDGLR�LVRWRSH SURGXFWLRQ IDFLOLW\ XWLOL]LQJ ORZHU HQHUJ\ SURWRQ EHDP IURP WKH
ORZ HQHUJ\ SDUW RI DFFHOHUDWRU LV DOVR LQYHVWLJDWHG�
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)LJXUH � VKRZV SUHOLPLQDU\ OD\RXW RI IDFLOLWLHV SODQQHG LQ 1HXWURQ 6FLHQFH 3URMHFW � $ � 0:
RI WRWDO EHDP SRZHU RI � 0: LV OHG WR QHXWURQ VFDWWHULQJ IDFLOLW\ DQG WKH UHVW LV WR WKH IDFLOLWLHV IRU
WKHUPR�K\GUDXOLFV DQG PDWHULDO GHYHORSPHQWV� )RU QHXWURQ VFDWWHULQJ IDFLOLW\� WZR SURWRQ FRPSUHVVRU
ULQJV DUH FRQVLGHUHG IRU IXOO EHDP SRZHU DW WKH ILQDO VWDJH� ,Q DGGLWLRQ� D VPDOO DPRXQW RI EHDP LV
VKDUHG WR QHXWURQ SK\VLFV DQG VSDOODWLRQ 5, EHDP IDFLOLWLHV� 7KH VFKHPDWLF GLDJUDP RI WKH DFFHOHUDWRU
FRPSOH[ LV VKRZQ LQ )LJ�� DQG LWV VSHFLILFDWLRQV DUH VXPPDUL]HG LQ 7DEOH ��� 7KH 5	' LWHPV RI WKH
DFFHOHUDWRU FRPSOH[ LV DFFHOHUDWRU FRPSRQHQWV� 5) SRZHU� FU\RJHQLF UHIULJHUDWRU DQG VR RQ� 7KH 5	'
RI WKH ORZ HQHUJ\ SDUW XS WR 5)4 KDV DOUHDG\ EHHQ FRQWLQXHG IRU VHYHUDO \HDUV DQG WKH �� P$ SHDN
FXUUHQW ZLWK ��� GXW\ KDV EHHQ DFKLHYHG� 7KH WZR FRPSUHVVLRQ ULQJV DUH FRQVLGHUHG IRU �0: EHDP
FXUUHQW ZLWK VSHFLILFDWLRQ LQ 7DEOH ��

1HXWURQ VFDWWHULQJ IDFLOLW\ LV FRQVLGHUHG ZLWK KLJKHU SULRULW\ LQ WKH SURMHFW� EHFDXVH PDQ\
DWWUDFWLYH UHVHDUFK DUHDV DUH H[SHFWHG IRU EDVLF VFLHQFH� 7KH FRQFHSW RI IDFLOLW\ OD\RXW LV VKRZQ LQ
)LJ��� $V WKH IDFLOLW\ LV FRQVLGHUHG WR EH RSHQ IRU DVLD�RFHDQHD UHJLRQ DV ZHOO DV GRPHVWLF UHVHDUFKHUV�
QHXWURQ EHDP OLQHV LV GHVLJQHG DV PDQ\ DV SRVVLEOH� 7KH SUHVHQW FDVH FDQ WDNH �� EHDP OLQHV IRU WKUHH
NLQGV RI QHXWURQ HQHUJLHV ZKLFK DUH HTXDOO\ VKDUHG� 2QH RI WKH EHDP OLQHV LV GHGLFDWHG WR KRW
�LUUDGLDWHG� VDPSOHV IRU UHVHDUFKLQJ UDGLDWLRQ HIIHFW� 7KH EXLOGLQJ LV GHVLJQHG DV D ODUJH RSHQ VSDFH WR
KDQGOH VKLHOGLQJ�PRGHUDWRU DVVHPEO\� %HFDXVH WKH WDUJHW VWDWLRQ LV VXUURXQGHG E\ ����� P�WKLFN LURQ
DQG �P�WKLFN FRQFUHWH VKLHOG� WKH UDGLDWLRQ FRQWURO RI WKH H[SHULPHQWDO KROH LV DFFHVVLEOH IRU UDG�
ZRUNHU�

$ SODQ RI UHVHDUFK DQG GHYHORSPHQW IRU DFFHOHUDWRU�GULYHQ WUDQVPXWDWLRQ V\VWHP LV GLYLGHG
LQWR IRXU SKDVHV� L�H�� EDVLF UHVHDUFK� HQJLQHHULQJ GHYHORSPHQW� WHFKQRORJ\ GHPRQVWUDWLRQ DQG
FRPPHUFLDO SODQW� ,Q WKH FXUUHQW -$(5, SURJUDP� RQO\ EDVLF DQG HQJLQHHULQJ SKDVHV DUH LQFOXGHG� 7KH
EDVLF SKDVH LV IRFXVLQJ WR EXLOG XS WKH GDWD EDVH IRU GHVLJQLQJ H[SHULPHQWDO DQG GHPRQVWUDWLRQ SODQWV�
7KH H[SHULPHQWDO SODQW LV SODQQHG WR EH �� 0: WKHUPDO SRZHU LQ WKH VHFRQG SKDVH LQ ZKLFK D VPDOO
DPRXQW RI PLQRU DFWLQLGH IXHO LV EXUQHG� )RU WKH ILUVW SKDVH� WKHUPR�K\GUDXOLF WHVW ZLWK ��� 0: EHDP
SRZHU DQG UHDFWRU SK\VLFV H[SHULPHQW ZLWK ]HUR EHDP SRZHU DURXQG � : DUH FRQVLGHUHG� $
FRQFHSW RI WKH WKHUPR�K\GUDXOLF WHVW IDFLOLW\ LV VKRZQ LQ )LJ� �� 7KH SURWRQ EHDP LV EHQW E\ �� GHJUHH
WR WKH WDUJHW FRUH DVVHPEO\ ZKLFK LV VLPXODWLQJ WKH WDUJHW DVVHPEO\ IRU WUDQVPXWDWLRQ V\VWHPV� H�J��
W\SLFDOO\ WXQJVWHQ URGV FRROHG E\ 1D� 7KH IDFLOLW\ LQFOXGHV WKLFN VKLHOGLQJ LURQ FRPSDUDEOH WR WKH
QHXWURQ VFDWWHULQJ IDFLOLW\ DQG 1D FRRODQW ORRS� 7KH UHDFWRU SK\VLFV IDFLOLW\ LV VLPLODU WR FULWLFDO
DVVHPEO\ ZKLFK ZDV XVHG IRU IDVW UHDFWRU VWXGLHV� EHFDXVH WUDQVPXWDWLRQ V\VWHP LV DOVR FRQVLGHUHG WR
XVH D IDVW QHXWURQ VSHFWUXP� 2QO\ D GLIIHUHQFH IURP D IDVW UHDFWRU LV VXE�FULWLFDO V\VWHP� 7KH WLPH
WUDQVLHQW DQG UHVSRQVH RI VXE�FULWLFDO V\VWHP ZLOO EH VWXGLHG E\ WHFKQLTXHV RI UHDFWRU SK\VLFV
H[SHULPHQW�

1HXWURQ SK\VLFV VWXG\ LQFOXGLQJ QXFOHDU GDWD IRU KLJK HQHUJ\ UHJLRQ LV DOVR LQWHUHVWHG IRU
WUDQVPXWDWLRQ SK\VLFV� )RU WKLV VWXG\� SXOVHG KLJK HQHUJ\ QHXWURQ IDFLOLW\ FDQ EH DFFRPSDQLHG ZLWK D
72) IDFLOLW\� 7KLV VWXG\ UHTXLUHV �� P$ EHDP ZLWK D IHZ QV SXOVH ZLGWK� :LWK WKH WKHUPR�K\GUDXOLF
WHVW IDFLOLW\� WKH SURWRQ DQG QHXWURQ LUUDGLDWLRQ IDFLOLW\ FDQ DOVR EH FRPELQHG EHFDXVH ERWK XWLOL]H ��
�0: EHDP� 7KHVH LQWHJUDWLRQ ZLOO PDNH WKH FRPPRQ XWLOLW\ HIIHFWLYH� L�H�� FRROLQJ V\VWHP� VKLHOGLQJ�
ZDVWH PDQDJHPHQW DQG VR RQ�

%HVLGHV WKH IDFLOLWLHV PHQWLRQHG DERYH� E\ XWLOL]LQJ WKH H[LVWLQJ 7DQGHP 9DQ GH *UDII
DFFHOHUDWRU� VSDOODWLRQ SURGXFWV FDQ EH DFFHOHUDWHG XS WR D IHZ WHQ 0H9�X WRJHWKHU ZLWK WKH VXSHU�



�

FRQGXFWLQJ FDYLW\ ERRVWHU� $ �� P$ RI EHDP LV XVHG IRU SURGXFWLRQ RI WUDQV�DFWLQLGH LVRWRSHV IURP
GHSOHWHG 8UDQLXP &DUELGH WDUJHW� 7KLV IDFLOLW\ FDQ EH FRQVWUXFWHG RQO\ E\ DGGLQJ WDUJHW DQG RQ�OLQH
PDVV VHSDUDWRU� $ QHFHVVDU\ PRGLILFDWLRQ RI WKH H[LVWLQJ IDFLOLW\ ZDV LQYHVWLJDWHG IRU WKLV IDFLOLW\�

%\ H[WUDFWLQJ D SURWRQ EHDP DERXW ��� 0H9 DW WKH ORZ HQHUJ\ VWDJH RI WKH DFFHOHUDWRU� PDQ\
NLQGV RI UDGLR�LVRWRSHV �5,� FDQ EH SURGXFHG IRU PHGLFDO XVH� 7KLV HQHUJ\ UDQJH LV VXLWDEOH IRU FUHDWLQJ
D YDULHW\ RI 5,V DQG HOLPLQDWLQJ XQGHVLUDEOH 5,V E\ VSDOODWLRQ UHDFWLRQ� 7KH IDFLOLW\ VKRXOG LQFOXGH
FKHPLFDO ODE IRU VHSDUDWLRQ RI 5,�

0XRQ XWLOL]DWLRQ LV RQH RI WKH DWWUDFWLYH DSSOLFDWLRQ RI KLJK HQHUJ\ SURWRQ EHDP� 7KH
HVWDEOLVKPHQW RI WKLV IDFLOLW\ LV VWURQJO\ UHTXHVWHG IURP WKH PXRQ VFLHQFH FRPPXQLW\ LQ -DSDQ�
KRZHYHU� D SUDFWLFDO GHVLJQ ZRUN KDV QRW EHHQ LQYROYHG \HW� 7KLV PLJKW EH FRQVLGHUHG LQ WKH IXUWKHU
GHVLJQ ZRUN�
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)RU WKH ORZ HQHUJ\ SDUW� WKH QHJDWLYH LRQ H[WUDFWLRQ IURP WKH YROXPH W\SH VRXUFH LV WHVWHG
DQG �� P$ ZDV REWDLQHG� 7KH IDEULFDWLRQ GHVLJQ RI FZ�5)4 WHVW PDFKLQH ZLWK ��� P$ DV ZHOO DV ��
P$ IRU SXOVH PRGH ZDV VWDUWHG� )RU FZ RSHUDWLRQ PRGH� WKH GHVLJQ SDUDPHWHUV RI '7/ DQG 6'7/
ZHUH DOVR LQYHVWLJDWHG� 7R UHGXFH 5) SRZHU FRQVXPSWLRQ DQG KHDW� ORZ DFFHOHUDWRU JUDGLHQW LV
FRQVLGHUHG DV ��� 0H9�P� )URP WKH YLHZSRLQW RI PHFKDQLFV DQG EHDP G\QDPLFV� WKH HQG SRLQW HQHUJ\
ZDV GHWHUPLQHG WR ��� 0H9�

7KH GHYHORSPHQW RI VXSHU�FRQGXFWLQJ FDYLW\ OLQDF IRU ��� 0H9 WR ��� *H9 ZDV VWDUWHG LQ
����� 7KH FDYLW\ IDEULFDWLRQ LV RQH RI WKH NH\ LVVXHV GHYHORSPHQW� LQ ZKLFK WKH PHFKDQLFDO VWUHQJWK
DQG VXUIDFH FRQGLWLRQLQJ DUH FRQFHUQHG� 7KH VLQJOH WHVW FDYLW\ ZDV IDEULFDWHG E\ FROG UROOLQJ DQG SUHVV
RI SXUH 1LRELXP PHWDOOLF VKHHW ZLWK HOHFWURQ EHDP ZHOGLQJ� ,Q ����� WKH YHUWLFDO FDYLW\ WHVW IRU E ���
���� 0H9� ZDV VXFFHVVIXOO\ FRQGXFWHG ZLWK WKH PD[LPXP ILHOG VWUHQJWK RI �� 09�P DW ���. DQG ��
09�P DW ���.� 7KH PXOWL�FDYLW\ ZLWK ILYH FDYLWLHV LV EHLQJ IDEULFDWHG LQ WKLV \HDU IRU WKH QH[W VWHS�

7KH LQMHFWLRQ VFKHPH LV VSHFLDOO\ FULWLFDO WR FRPSUHVV WKH EHDP WR VKRUWHU SXOVH OHVV WKDQ �
PV� EHFDXVH WKH FRQYHQWLRQDO WHFKQRORJ\ XVLQJ FKDUJH VWULSSLQJ IRLO KDV D OLPLW E\ KHDWLQJ XS WR DFFHSW
WKH KLJK FXUUHQW EHDP� ,Q -$(5, SURMHFW� WZR ULQJ VFKHPH LV FRQVLGHUHG IRU WKH UHIHUHQFH GHVLJQ IRU �
0: RSHUDWLRQ� +RZHYHU� WKH WZR ULQJ LQFUHDVH WKH FRVW DQG PDNHV DQRWKHU SUREOHP IRU IDVW EHDP
VZLWFKLQJ DQG PHUJLQJ� 7R VROYH WKH SUREOHP RI FKDUJH H[FKDQJH IRLO� QHZ FKDUJH H[FKDQJH V\VWHP�
WKH /8&( PHWKRG� WKH /DVHU 8QGXUDWRU &KDUJH ([FKDQJH KDV EHHQ SURSRVHG�� ,Q WKLV VFKHPH� DQ
XQGXODWRU LV XVHG IRU D IRLO DV D VWULSSLQJ PDJQHW EXW D FKDUJH H[FKDQJH LV PDGH E\ WZR VWHSV IURP +�

WR +� DQG +� WR +�� 7KH ILUVW VWHS VWULSSLQJ LV PDGH E\ WKH XQGXODWRU IRU /RUHQ] VWULSSLQJ DQG LQ WKH
VHFRQG VWHS� D UHVRQDQFH H[FLWDWLRQ E\ ODVHU LV XVHG WRJHWKHU ZLWK /RUHQ] VWULSSLQJ E\ WKH VHFRQG
XQGXODWRU�

$ FRQFHSWXDO GHVLJQ VWXG\ RI WDUJHW�PRGHUDWRU�UHIOHFWRU V\VWHP KDV EHHQ H[WHQVLYHO\
SHUIRUPHG E\ QHXWURQLF FDOFXODWLRQV�� 7KH VWXG\ LQFOXGHV RSWLPL]DWLRQ RI PDWHULDO� VKDSH� VL]H DQG
UHODWLYH SRVLWLRQV IRU QHXWURQLF SHUIRUPDQFH� 7KH SUHVHQW FRQILJXUDWLRQ RI WDUJHW�PRGHUDWRU LV VKRZQ
LQ )LJ�� 7KH UHVXOW VKRZHG FOHDUO\ WKDW PHUFXU\ WDUJHW LV VXSHULRU WR 3E�%L WDUJHW� )RU WKH FU\RJHQLF
PRGHUDWRUV� UHGXFWLRQ RI QXFOHDU KHDWLQJ LV RQH RI WKH NH\ LVVXHV� )RU WKLV SXUSRVH� D SUH�PRGHUDWRU
FRQFHSW ZDV H[WHQVLYHO\ VWXGLHG DV ZHOO DV QHXWURQ IOX[ LQWHQVLW\ DQG SXOVH ZLGWK�

7KHUPR�K\GUDXOLF VWXGLHV IRU VROLG DQG OLTXLG WDUJHWV KDYH EHHQ SHUIRUPHG�� 7KH ���0:
VROLG WDUJHW RI WXQJVWHQ ZDV VWXGLHG IRU FDSDELOLW\ RI KHDW UHPRYDO VR WKDW RSHUDWLQJ WHPSHUDWXUH EHORZ
��� & ZDV FRQILUPHG� )RU WKH PHUFXU\ WDUJHW� WZR FRQFHSW RI FURVV DQG UHWXUQ IORZV DUH LQYHVWLJDWHG
VR WKDW WKH PD[LPXP IORZ UDWH RI ��� P�V DQG WHPSHUDWXUH ULVH RI ��� & ZHUH REWDLQHG IRU �0:
EHDP�

)RU WKH FU\RJHQLF PRGHUDWRU� VXSHU�FULWLFDO K\GURJHQ ���� 03D DQG �� .� ZDV DGRSWHG VR
WKDW WHPSHUDWXUH ULVH PXVW EH NHSW OHVV WKDQ � GHJUHH HYHQ IRU SHDNLQJ SRVLWLRQ LQ QXFOHDU KHDWLQJ�
7KHVH IORZ DQDO\VLV DQG H[SHULPHQWDO FRQILUPDWLRQ VWXG\ ZDV VWDUWHG�

)RU PDWHULDO GHYHORSPHQW� D WHVW SURJUDP RI WKHUPDO VKRFN� UDGLDWLRQ GDPDJH DQG
FRUURVLRQ�HURVLRQ ZDV EHLQJ SUHSDUHG�� 7KH � -�SXOVH ODVHU LQMHFWLRQ V\VWHP LV FRQVLGHUHG IRU VWXG\LQJ
VWUHVV ZDYH SKHQRPHQD� )RU UDGLDWLRQ GDPDJH� WULSOH LRQ EHDP LUUDGLDWLRQ LV SODQQHG WR VLPXODWH JDV
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SURGXFWLRQ GRPLQDQW FRQGLWLRQ� 7KH PHUFXU\ ORRS WHVW LV SUHSDUHG IRU FRUURVLRQ�HURVLRQ WHVW LQ RII
EHDP FRQGLWLRQ� ([SHULPHQWDO VWXG\ RI QHXWURQLFV DQG WKHUPRG\QDPLFV RI PHUFXU\ WDUJHW LV SHUIRUPHG
DW $*6 IDFLOLW\ LQ %URRNKDYHQ 1DWLRQDO /DERUDWRU\ RI 86$ XQGHU WKH $67( FROOERUDWLRQ�� %\ WKLV
H[SHULPHQW� GHVLJQ FRGHV DUH FKHFNHG LQ FRPSDULVRQ�
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5DGLDWLRQ VDIHW\ LV WKH LPSRUWDQW LVVXH IRU RSHUDWLRQ RI WKH DFFHOHUDWRUV DQG WDUJHW V\VWHPV�
7KH GHWDLOHG GHVLJQ RI VKLHOGLQJ VWUXFWXUH KDV QRW EHHQ SHUIRUPHG� $W WKH SUHVHQW VWDJH� D JXLGH OLQH
FRQFHSW LV EHLQJ GHYHORSHG� H�J�� WKH DFFHOHUDWRU FRPSRQHQWV VKRXOG EH PDLQWDLQHG ZLWKRXW UHPRWH
KDQGOLQJ� 7KH FULWHULD RI UDGLDWLRQ SURWHFWLRQ VKRXOG EH EDVHG RQ WKH UHJXODWLRQ ODZ� EXW WKHUH H[LVW
QHZ FDVHV FRPSDUHG WR WKH SUHYLRXV UDGLDWLRQ IDFLOLWLHV� HVSHFLDOO\ RQ WKH WUDQVPXWDWLRQ IDFLOLW\� 7KHVH
QHZ SUREOHPV VKRXOG EH GLVFXVVHG LQ -DSDQHVH FRPPXQLW\ LQFOXGLQJ WKH JRYHUQPHQW DXWKRULW\�

$V IRU QXFOHDU GDWD UHTXLUHG IRU WKH SURMHFW� WKHUH DUH WZR NLQGV RI DUHDV� L�H�� QXFOHDU GHVLJQ
RI WKH WDUJHW DQG UDGLDWLRQ VKLHOGLQJ GHVLJQ� 7KH FDOFXODWLRQ WRROV DUH FRPPRQO\ KLJK HQHUJ\ WUDQVSRUW
FRGHV� VXFK DV� 107&�-$(5, DQG +(7&� 7KRVH FRGHV LQFOXGH HODVWLF FURVV VHFWLRQ IRU D FROOLVLRQ
SUREDELOLW\ DV ZHOO DV D VLPSOL]HG VKLHOGLQJ FRGH� 0RVW IUHTXHQWO\ XVHG GDWD LV D QXFOLGH SURGXFWLRQ
FURVV VHFWLRQ OLEUDU\ ZKLFK LV UHTXLUHG WR HVWLPDWH LQGXFHG UDGLR�DFWLYLWLHV DQG QXFOHDU WUDQVPXWDWLRQV�
)RU D VKLHOGLQJ SXUSRVH� KLJK HQHUJ\ SURWRQ LQGXFHG UHDFWLRQV� H�J�� �S�[Q�� LV QHFHVVDU\ WR HVWLPDWH
QHXWURQ SURGXFWLRQ IURP EHDP OLQH FRPSRQHQWV�

9,� &21&/8',1* 5(0$5.6

7KH -$(5, 1HXWURQ 6FLHQFH 3URMHFW LV SURJUHVVHG PRUH WKDQ H[SHFWHG� UHJDUGOHVV RI VKRUW
SHULRG DIWHU VWDUWLQJ WKH SURMHFW� (VSHFLDOO\ WKH GHYHORSPHQW RI DFFHOHUDWRUV KDV EHHQ FRQVLGHUDEO\
SURJUHVVHG LQ WKH VXSHU�FRQGXFWLQJ FDYLW\� 7KH WDUJHW GHYHORSPHQW LV XQGHU SUHSDUDWLRQ IRU WKHUPR�
K\GUDXOLF DQG PHFKDQLFDO WHVW GHYLFHV� ZKLOH D QHXWURQLFV VWXG\ KDV EHHQ SURJUHVVHG IRU RSWLPL]LQJ
WDUJHW�PRGHUDWRU VKDSH DQG FRQILJXUDWLRQ� $V IRU LQWHUQDWLRQDO FROODERUDWLRQV� WKH $67( FROODERUDWLRQ
RQ WKH PHUFXU\ WDUJHW KDV VWDUWHG DW %1/�

7KH WRWDO GHVLJQ RI DFFHOHUDWRU FRPSOH[ DQG WKH WDUJHW V\VWHP ZLOO EH FRPSOHWHG VRRQ DV WKH
ILUVW URXQG FRQFHSW� 2Q WKH RWKHU KDQG� D UDGLDWLRQ VDIHW\ DVVHVVPHQW KDV MXVW VWDUWHG DW WKLV $SULO� 7KH
UHVHDUFK DQG GHYHORSPHQW SKDVH ZLOO EH FRQWLQXHG IRU WKH QH[W WKUHH \HDUV DQG WKHQ D FKHFN DQG
UHYLHZ RI WKH SURMHFW LV REOLJDWHG E\ WKH JRYHUQPHQW EHIRUH PRYLQJ WR WKH FRQVWUXFWLRQ SKDVH�

$&.12:/('*0(176

7KH DXWKRUV ZRXOG OLNH WR WKDQN DOO WKH PHPEHU RI -$(5, 1HXWURQ 6FLHQFH 3URMHFW�

5()(5(1&(6

�� 7� 0XNDL\DPD� <� 2\DPD� 0� 0L]XPRWR� 7� 7DNL]XND DQG 5� +LQR� ¦1HXWURQ 6FLHQFH 3URMHFW DW
-$(5,�§ 3URF� 7RSLFDO 0HHWLQJ RQ 1XFOHDU $SSOLFDWLRQV RI $FFHOHUDWRU 7HFKQRORJ\ �$&&$33©����
1RY� ������ ����� $OEXTXHUTXH� 86$ ������

�� 0� 0L]XPRWR� -� .XVDQR� +� +DVHJDZD� 1� 2XFKL� +� 2JXUL� 0� .LQVKR� (� &KLVKLUR� 7� 7RPLVDZD�
<� 7RXFKL� <� +RQGD� .� 0XNXJL� +� ,QR� )� 1RGD� 1� $NDRND� +� .DQHNR DQG %� )HFKQHU�� ¦$
3URWRQ $FFHOHUDWRU IRU 1HXWURQ 6FLHQFH 3URMHFW DW -$(5,�§ 3URF� �VW $VLDQ 3DFLILF $FFHOHUDWRU
&RQIHUHQFH� 0DUFK ������ ����� .(.� 7XNXED� -DSDQ ������

�� <� 6X]XNL� 0� .LQVKR� )� 1RGD� 0� 0L]XPRWR DQG ,� <DPDQH� ¦ $ 1HZ 6FKHPH RI &KDUJH
([FKDQJH ,QMHFWLRQ IRU +LJK ,QWHQVLW\ 3URWRQ 6WRUDJH 5LQJ ZLWK +LJK ,QMHFWLRQ (QHUJ\�§ LELG�
������
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�� 1� :DWDQDEH� 0� 7HVKLJDZDUD� +� 7DNDGD� +� 1DNDVKLPD� <� 2\DPD� 7� 1DJDR� 7� .DL� <� ,NHGD
DQG .� .RVDNR� ¦$ &RQFHSWXDO 'HVLJQ 6WXG\ RI 7DUJHW�0RGHUDWRU�5HIOHFWRU 6\VWHP IRU -$(5,
�0: 6SDOODWLRQ 6RXUFH�§ 3URF� ��WK 0HHWLQJ RI ,QW� &ROODERUDWLRQ RQ $GYDQFHG 1HXWURQ 6RXUFH

�,&$16�;9,,�� -XQH ������ ����� ,OOLQRLV� 86$ ������

�� 5� +LQR� 0� .DPLQDJD� 7� $VR� +� .RJDZD� 6� ,VKLNXUD� $� 6XVXNL� $� 7HUDGD� +� .LQRVKLWD DQG .�
+DJD� ¦6SDOODWLRQ 7DUJHW 'HYHORSPHQW DW -$(5,�§ LELG� ������

�� .� .LNXFKL� +� .RJDZD� 0� )XWDNDZD� ,� ,RND DQG 5� +LQR� ¦0DWHULDO 'HYHORSPHQW IRU 6SDOODWLRQ
7DUJHW DW -$(5,�§ LELG� ������

�� *� %DXHU� -� +DVWLQJV DQG 1� :DWDQDEH� ¦$ 6SDOODWLRQ 7DUJHW 7HVW ([SHULPHQW DW WKH %URRNKDYHQ
$OWHUQDWLQJ *UDGLHQW 6\QFKURWURQ�§ LELG� ������

7DEOH � 6SHFLILFDWLRQ RI /LQDF

(QHUJ\
,RQ VRXUFH
&XUUHQW �VW VWDJH�

�QG VWDJH�

$FFHOHUDWRU W\SH
ORZ HQHUJ\

KLJK HQHUJ\

�� �*H9
QHJDWLYH DQG SRVLWLYH K\GURJHQ
SXOVH� �P$�$YH���

����P$ �SHDN�
FZ	SXOVH����P$�$YH��

��P$�SHDN�

5)4�'7/�6'7/
�QRUP�� ���0+]�

6XSHU�FRQGXFWLQJ OLQDF
����0+]�

7DEOH � &RPSUHVVLRQ 5LQJ

0D[LPXP 3RZHU
5HSHWLWLRQ
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1XPEHU RI SURWRQ
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����� P
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)LJXUH � 3UHOLPLQDU\ /D\RXW RI )DFLOLW\ &RPSOH[

)LJXUH � 6FKHPDWLF 'LDJUDP RI $FFHOHUDWRU &RQILJXUDWLRQ
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Auxiliary Machinery
BuildingTarget Station

Experimental Area(3)

Experimental Area(4)

Experimental Area(2)

Experimental Area(1)
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Proton Beam Line
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Cutaway view of the neutron scattering facility building

)LJXUH � &RQFHSW RI 1HXWURQ 6FDWWHULQJ )DFLOLW\

)LJXUH � &RQFHSW RI 7UDQVPXWDWLRQ 5HVHDUFK )DFLOLW\ IRU 7KHUPR�+\GUDXOLFV 7HVW
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)LJXUH � 7DUJHW�0RGHUDWRU &RQFHSW IRU 6SDOODWLRQ 1HXWURQ 6RXUFH RI 1HXWURQ 6FDWWHULQJ

Cold mod.(high intensity & higy resolution)

Target ( Hg )
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