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,QWURGXFWLRQ�DQG�%DVLF�,VVXHV

❂ /LQNV�WR�86�6WHOODUDWRU�SURJUDP�VLWHV�UHODWHG�WR�WKLV�WDON

� ZZZ�SSSO�JRY�QFV[���������������������������1&6;�3URMHFW�,QIR�

� TRV�IHG�RUQO�JRY�����������������������������������426�3URMHFW�,QIR�
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&RPSDFW�6WHOODUDWRUV�&RPELQH�%HVW�)HDWXUHV
RI�6WHOODUDWRUV�DQG�$GYDQFHG�7RNDPDNV

• 7UDGLWLRQDO�6WHOODUDWRUV
• ([WHUQDOO\�JHQHUDWHG�KHOLFDO�ILHOGV��URWDWLRQDO
WUDQVIRUP���ORZ�UHFLUFXODWLQJ�SRZHU��ODUJH�$

• W\SLFDOO\�GLVUXSWLRQ�IUHH
• $GYDQFHG�WRNDPDNV

• *RRG�FRQILQHPHQW��ORZ�$�²�KLJK�SRZHU�GHQVLW\�
ERRWVWUDS�FXUUHQW

• &RPSDFW�6WHOODUDWRUV
• 8VH��'�VKDSLQJ�IOH[LELOLW\���VRPH�SODVPD�FXUUHQW�WR
FRPELQH�EHVW�IHDWXUHV
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&RPSDULVRQ�RI�:RUOGZLGH�6WHOODUDWRUV
QOS (Quasi-Omnigenous

Stellarator)
QAS (Quasi-Axisymmetric

Stellarator)

Wendelstein 7-X
(Under construction

at Griefswald, Germany)

ATF (operated until 1991
at Oak Ridge National Lab)

Heliotron (Kyoto Univ.
Kyoto, Japan) LHD (National Institute for

Fusion Science, Toki, Japan)
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&RPSDFW�6WHOODUDWRUV���:LWK�6RPH�&XUUHQW��
&DQ�$SSURDFK�$� �5�D�RI�7RNDPDNV
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86�&RPSDFW�6WHOODUDWRU�3URJUDP

❂ 3K\VLFV�RI�FRPSDFW��ORZ�DVSHFW�UDWLR��ORZ�1S��VWHOODUDWRUV
� HVWDEOLVK�H[SHULPHQWDO�GDWD�EDVH�IRU�GHVLJQLQJ�ORZ�$�
KLJK�HU��β,�SRWHQWLDOO\�DWWUDFWLYH�VWHOODUDWRU�UHDFWRU

❂ 1DWLRQDO�&RPSDFW�6WHOODUDWRU�([SHULPHQW��1&6;�
� H[SHULPHQWDO�´3URRI�RI�3ULQFLSOHµ�VFDOH�H[SHULPHQW
� EDVHG�RQ�´TXDVL�D[LV\PPHWU\µ�GHVLJQ���VKDSLQJ

❂ &RQFHSW�H[SORUDWLRQ�GHYLFH
� �H[SORUH�LPSOLFDWLRQV�RI�´TXDVL�SRORLGDOµ�V\PPHWU\
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&KDOOHQJHV�IRU�6WHOODUDWRU�'HVLJQ
DW�/RZ�$VSHFW�5DWLR

❂ 0XVW�5HGXFH�1HRFODVVLFDO�/RVVHV
� �'�´ULSSOHµ����ν��ORVVHV�HQKDQFHG�E\�KHOLFDO�WRURLGDO
FRXSOLQJ�XQOHVV�FRQILJXUDWLRQ�GHVLJQ�LV
² TXDVL�V\PPHWULF
² TXDVL�RPQLJHQHRXV

❂ 3UHVHUYH�)OX[�6XUIDFH�,QWHJULW\
� LQFUHDVHG�WRURLGDO�KHOLFDO�FRXSOLQJ�DW�ORZ�$ 5�D�FDQ
OHDG�WR�IOX[�VXUIDFH�IUDJLOLW\��LVODQGV��VWRFKDVWLFLW\�
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&KDOOHQJHV�IRU�6WHOODUDWRU�'HVLJQ
DW�/RZ�$VSHFW�5DWLRV��FRQW·G�

❂ &RLOV�DUH�FKDOOHQJLQJ�WR�HQJLQHHU
� /HVV�URRP�IRU�´LQQHUµ�OHJV�RI�FRLOV
� )XVLRQ�SRZHU�SURGXFWLRQ�a��%SODVPD��%FRLO��

² %FRLO��OLPLWHG�E\�6&�WHFKQRORJ\�������7��
² WKLV�UDWLR�GHFUHDVHV�DW�ORZ�$

² ��5�HIIHFW��VDPH�DV�IRU�WRNDPDNV�
² VWHOODUDWRU�ILHOG�FRPSOH[LW\

² RSWLPL]DWLRQ�JRDO��PD[LPL]H��WKLV�UDWLR���IRU�UHDFWRU
UHOHYDQFH��3IXVLRQ�����ZKLOH�NHHSLQJ�VPDOO�UHDFWRU�VL]H
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6L]H��a&RVW��RI�&RPSDFW�6WHOODUDWRUV
❂ 0LQLPXP�VWHOODUDWRU�UHDFWRU�VL]H�GHWHUPLQHG�E\�PD[LPXP

SODVPD�FRLO�VHSDUDWLRQ��∆��IRU�JLYHQ�5��RU�PLQLPXP�$∆� �5�∆
� 5PLQ� �$∆�W�����������������W� �EODQNHW�VKLHOG�WKLFNQHVV��IL[HG�

❂ +LJK�1S�VWHOODUDWRUV��:�;��/+'��HWF��KDYH�ODUJH�$∆ !���
� FRLOV�PXVW�EH�9(5<�FORVH�WR�SODVPD��/DSODFH·V�HTXDWLRQ�

❂ &RPSDFW�VWHOODUDWRUV�DFKLHYH�$∆ �����IXQGDPHQWDOO\�GLIIHUHQW
� ORZ�1S�a������K\EULGV�ZLWK�QHW�FXUUHQW�SURGXFLQJ�WUDQVIRUP
� SRWHQWLDO�IRU�VPDOOHU��´ORZHU�FRVWµ��UHDFWRUV

² DVVXPLQJ�FRQILQHPHQW�FDQ�EH�UHWDLQHG
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2YHUYLHZ�RI�'HVLJQ�0HWKRGRORJ\
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$GYDQFHV�LQ�7KHRU\�DQG�1XPHULFV�&RQWULEXWH
WR�'HVLJQ�RI�&RPSDFW�6WHOODUDWRUV

❂ �'�6KDSLQJ
� SDVVLYHO\�VWDELOL]H�H[WHUQDO�NLQN��YHUWLFDO�GLVSODFHPHQW�
EDOORRQLQJ�PRGHV�IRU�β�a����ZLWK�QR�ZDOOV�RU�IHHGEDFN
² H[FHHGV�WRNDPDN�$7�OLPLW��a�����
² $5,(6�56�β�a������UHDFWRU�UHOHYDQW

❂ 6SHFLI\�LRWD�SURILOH
� SUHYHQW��FRQWURO"��GLVUXSWLRQV
� QHRFODVVLFDO�WHDULQJ�VWDELOL]DWLRQ��MEV��G�OQ�ι��Gφ�!��

❂ 4XDVL�V\PPHWU\��GHVLJQ�%RR]HU�_%_�VSHFWUXP�
� *RRG�FRQILQHPHQW��!�FORVHG�GULIW�RUELWV��DOORZ�SODVPD
IORZ�IRU�IORZ�VKHDU�VWDELOL]DWLRQ



��

63+���0,7�6(0,1$5

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

2SWLPL]DWLRQ�RI�3K\VLFV�DQG�(QJLQHHULQJ
3URSHUWLHV�IRU�&RPSDFW�6WHOODUDWRUV

❂ *HQHUDOL]DWLRQ�RI�QXPHULFDO�PHWKRG�SLRQHHULQJ�E\�-�
1XHKUHQEHUJ�DQG�5��=LOOH�IRU�ODUJH�$�VWHOODUDWRUV��RULJLQDOO\
DSSOLHG�WR�GHVLJQ�+HOLDV���:�;�DQG�+6;��4+6��
� SODVPD�SK\VLFV�SURSHUWLHV�FRPSOHWHO\�GHWHUPLQHG�E\
LGHDO�0+'�HTXLOLEULXP��ZKLFK�LQFOXGHV
² )RXULHU�GHVFULSWLRQ�RI�SODVPD�ERXQGDU\
² ´IUHH�IXQFWLRQVµ�ι�Φ��� ���T��DQG�S�Φ�

� YDULDWLRQ�RI�ERXQGDU\��DQG�ι��S����UDWKHU�WKDQ�FRLO
WRSRORJ\���WR�RSWLPL]H�SODVPD�WUDQVSRUW��VWDELOLW\��FRLO
´FRPSOH[LW\µ��EHWD��HWF�
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6WHOODUDWRU�&RLOV�$UH�´5HYHUVH�(QJLQHHUHGµ

❂ 2SWLPL]HG�3ODVPD�6WDWH
� )L[HG�ERXQGDU\�RSWLPL]DWLRQ�PRUH�UREXVW��VWDEOH��WKDQ
´IUHH�ERXQGDU\µ

❂ &RQFHSWXDOO\�VHSDUDWHV�SK\VLFV�IURP�FRLO�RSWLPL]DWLRQ
� (QJLQHHULQJ�IHDVLEOH�RI�FRLOV�127�JXDUDQWHHG�E\�PHWKRG
� ,QQRYDWLYH�PHWKRGV�QHHGHG�WR�ILQG�FRLOV�DW�ORZ�$

² 6LQJXODU�YDOXH�GHFRPSRVLWLRQ��69'��RI�FXUUHQW
SRWHQWLDOV�REWDLQHG�XVLQJ�1(6&2,/��3��0HUNHO�

² *HQHWLF�$OJRULWKPV
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Optimization Targets
(Physics/Engineering) Example

Aspect ratio R0/a - 2.5 to 3.5

Limit outer surface
curvature

avoid strong elongation/cusps

Target quasi-symmetries

Minimize Bmn if n ≠ 0 (QA);
Bmn if m ≠ 0 (QP); or if m/n≠1

(QH)

Bounce-average
omnigeneity (drift surfaces
and flux surfaces aligned)

Bmin  = Bmin  (ψ)
Bmax = Bmax (ψ)

J = J(ψ)

Local diffusive transport D, χ from DKES

Current profile self-consistent IBS,
I(ψ) goes to 0 at edge

Iota profile Limit low order resonances

Magnetic Well, Mercier
(resistive interchange)

V” < 0, DM > 0 over cross
section

Ballooning, Kink, and
Vertical stability

<β> > 2%
COBRA and TERPSICHORE
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1DWLRQDO�&RPSDFW�6WHOODUDWRU��([SHULPHQW
�1&6;�
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NCSX: An Experiment Based on QA to Develop
Compact Stellarators

❂ Physics Goals

• Study conditions for high-beta disruption-free operation.

• Determine beta limits (modes) with bootstrap alignment.

• Neoclassical transport reduction by quasi-axisymmetry.
• Anomalous transport reduction by flow-shear control.

• Neoclassical tearing mode stabilization by externally-controlled

magnetic shear.
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1&6;�&RQILJXUDWLRQ�3URSHUWLHV
❂ *HRPHWU\

� 1S� ����$�a�������κ!�a�������LQGHQWHG!
❂ 6WDELOLW\

� EDOORRQLQJ��NLQN��QR�ZDOO���YHUWLFDO��0HUFLHU�DW�β ����
� OLPLWHG�E\�EDOORRQLQJ��!�SURILOH�RSWLPL]DWLRQ�SRVVLEOH

❂ 7UDQVSRUW��/RZ�HIIHFWLYH�ULSSOH��JRRG�4$�QHVV�
❂ 7UDQVIRUP

� ,RWD�������D[LV���!�������HGJH��DYRLG�ORZ�RUGHU�UHVRQDQFH
� a����IURP�H[WHUQDO�FRLOV��DW�IXOO�EHWD�DQG�ERRWVWUDS
FXUUHQWa���N$�DW�% �7�

� QHRFODVVLFDO�WHDULQJ�VWDEOH�SURILOH
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7RURLGDO�&URVV�6HFWLRQV�RI�1&6;�3ODVPD
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4XDVL�$[LV\PPHWU\��/RZ�(IIHFWLYH�5LSSOH

❂ ,Q���ν�UHJLPH��ULSSOH�WUDQVSRUW�VFDOHV�DV�εeff
3/2�ν

❂ &RPSXWH�εeff�IURP�1(2��1HPRY�.HUQELFKOHU��FRGH
� EHQFKPDUN�DJDLQVW�'.(6��0RQWH�&DUOR��6KDLQJ�+RXOEHUJ

❂ (GJH��PD[LPXP��εeff�a�������GURSV�H[SRQHQWLDOO\�LQWR�FRUH�
� ORZ�HQRXJK�IRU�ERWK�FR��FRXQWHU�QEL
� +HOLFDO��ULSSOH��WUDQVSRUW�VXE�GRPLQDQW�WR�D[LV\PPHWULF
� $OORZV�DFFHVV�WR�KLJK�βa�����ν∗�a������%� ��7��3a�0:
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6PDOO�5LSSOH� !�/RZ�+HOLFDO�7UDQVSRUW
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1&6;�.LQN�DQG�9HUWLFDO�6WDELOLW\

❂ )LQLWH�&XUUHQWV
� FRQFHUQHG�ZLWK�H[WHUQDO��ORZ�Q��NLQNV
� �'�VKDSLQJ��HQKDQFHG�ILHOG�EHQGLQJ��VWDEOH�XS�WR�βa��

❂ /DUJH�$[LV\PPHWULF�(ORQJDWLRQ�DQG�7ULDQJXODULW\��LQGHQW�
� LPSURYHV�EDOORRQLQJ�VWDELOLW\
� LQ�WRNDPDNV��GHVWDELOL]HV�YHUWLFDO�PRGHV�IRU�κ�!��

² LQ�VWHOODUDWRU��H[WHUQDO�WUDQVIRUP�SURYLGHV�UREXVW
YHUWLFDO�VWDELOLW\
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(Stellarator expansion)
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&RLO�'HVLJQ�IRU�1&6;

❂ ´,QILQLWHµ�1XPEHU�RI�&RLO�7RSRORJLHV�IRU�*LYHQ�6WHOODUDWRU
&RQILJXUDWLRQV��RSSRUWXQLW\�IRU�JUHDWHU�IOH[LELOLW\�
� +HOLFDO�FRLOV��PRGXODU�FRLOV��VDGGOH�FRLOV��ZDY\�3)·V

❂ 1&6;�KDV�IRFXVHG�RQ�WZR�FDQGLGDWHV�FRLOV
� 6DGGOH�&RLOV��QR�QHW�WRURLGDO��SRORLGDO�FXUUHQW����7)

² XVH�*HQHWLF�$OJRULWKP�WR�ILQG�RSWLPDO�VHW
� 0RGXODU�&RLOV���VPDOO�7)�IRU�IOH[LELOLW\�

² &2,/237�FRGH�PRYHV�ILODPHQWV�GLUHFWO\
❂ :KLFK�LV�EHWWHU"�0RUH�IOH[LEOH"�%HWWHU�HQJLQHHULQJ"

3K\VLFV�SURSHUWLHV"��6XUIDFHV"
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8VLQJ�*HQHWLF�$OJRULWKP�WR�6HOHFW�1&6;�6DGGOHV
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Saddle Coil Option

❂ Demountable TF coil

❂ Internal PF coil

❂ Helical field produced by saddle coils: LN-

cooled cable in grooves on conformal support

shell.

❂ Conformal vacuum vessel

❂ Three large openings.

Assessment

❂ Good access

❂ Low power requirements

❂ Good constructability

Coil modifications to improve physics

properties being developed.

18
Jointed
TF Coils

Saddle
coil core

Internal
PF Coils

Port Access
Areas

L=3 coil
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Modular Coil Option

❂ LN-cooled cable wound on contoured coil

support.

❂ External PF and supplementary TF.

❂ Conformal vacuum vessel.

Assessment

❂ May provide best physics properties.

Access-compatible structure concept

being developed.
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8VLQJ�([WHUQDO�&RLOV�7R�5HFRQVWUXFW�WKH
3K\VLFV�3URSHUWLHV�RI�1&6;

❂ )UHH�ERXQGDU\��90(&��FDOFXODWLRQV
� GHWHUPLQH�KRZ�FORVH�IUHH�EG\�SODVPD�VKDSH�LV�WR�WKDW
UHTXLUHG�IRU�SK\VLFV�SUHVHUYDWLRQ

� UH�HYDOXDWH�SK\VLFV�´WDUJHWVµ��VWDELOLW\��WUDQVSRUW��HWF��
� JHQHUDOO\�´DFFHSWDEOHµ�IRU�PRGXODUV��6DGGOHV��"�

❂ (YDOXDWH��DQG�VXSSUHVV��HIIHFWV�GXH�WR�SRVVLEOH�´UHVRQDQWµ
ILHOG�SHUWXUEDWLRQV
� XVH�IUHH�EG\�3,(6�FRGH��HTXLOLEULXP�ZLWK�LVODQGV�
� GHYHORS�WULP�FRLOV�WR�FDQFHO�LVODQGV�DV�ι�YDULHV



��

63+���0,7�6(0,1$5

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

5DQJH�RI�ι�$YDLODEOH�ZLWK�0RGXODU�&RLOV
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3,(6�)UHH�%RXQGDU\�5HFRQVWUXFWLRQ�RI�1&6;
�IXOO�β��FXUUHQW��PRGXODU�FRLOV�RQO\�
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,VODQG�5HPRYDO�0HWKRG
�*HQHUDOL]H�&DU\�+DQVRQ�WR�ILQLWH�β��,SODVPD�

❂ &RPSXWH�FRXSOLQJ�PDWUL[�UHODWLQJ�SODVPD�ERXQGDU\�VKDSH
WR�LQWHUQDO�LVODQG�ZLGWKV
� XVH�3,(6�UDWKHU�WKDQ�YDFXXP�ILHOG�OLQH�WUDFLQJV

❂ ,QYHUW�PDWUL[
� ERXQGDU\�PRGLILFDWLRQV�WR�HOLPLQDWH�UHVRQDQW�LVODQGV

❂ 5HVXOWDQW�ERXQGDU\�FKDQJHV�DUH�VPDOO��a�����D!�
� GR�QRW�DGYHUVHO\�HIIHFW�VWDELOLW\�RU�WUDQVSRUW
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3,(6�)UHH�%RXQGDU\�5HFRQVWUXFWLRQ�RI�1&6;
�PRGXODU�FRLOV���KHOLFDO�P ��Q 1S�WULP�FRLOV�
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4XDVL�3RORLGDO�DQG�4XDVL�2PQLJHQRXV
6WHOODUDWRUV�

&RQFHSW�([SORUDWLRQ�([SHULPHQW
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6\PPHWULHV�RI�_%_�LQ�%RR]HU�FRRUGLQDWHV
1HHGHG�IRU�*RRG�&RQILQHPHQW�LQ�6WHOODUDWRUV

             Quasi-Helical                    Quasi-Axisymmetric             Quasi-Poloidal
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([DPSOH�RI�4XDVL�2PQLJHQHRXV�2UELWV�
7UDSSHG�3DUWLFOHV�LQ�/+'���J ~ J�Φ�

R = 3.75 m R = 3.60 m
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426�0LVVLRQ

❂ ([SORUH�SK\VLFV�RI�TXDVL�SRORLGDO�VWHOODUDWRUV
WR�VXSSRUW�KLJK�β����������UHDFWRU�FRQFHSW
� GHPRQVWUDWH�QHRFO·DO�WUDQVSRUW�UHGXFWLRQ
� VWXG\�HTXLOLEULXP�TXDOLW\�DW�YHU\�ORZ�$
� ERRWVWUDS�FXUUHQW�VFDOLQJ���YDU\�_%_PQ
� (�ILHOG�FRQWURO� !�EDUULHU�IRUPDWLRQ

²ORZ�$��436��ODUJH�WRURLGDO�YLVFRVLW\�
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426�5HODWLRQVKLS�WR�1&6;

❂ &RPSOHPHQWV�1&6;��4$��WR�EURDGHQ
NQRZOHGJH�EDVH�IRU�FRPSDFW�VWHOODUDWRUV

� ([SORUH�QHZ�TXDVL�SRORLGDO�PDJQHWLF
FRQILJXUDWLRQ

� ORZ�ERRWVWUDS��YHU\�ORZ�$��UHJLPH
� ORZ�β∼���OLPLW�GHVLJQ���QR�QEL�

² GXH�WR�ORZ�DYDLODEOH�SRZHU�DQG�β ∼ 3�
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426��1S ��4XDVL�3RORLGDO�6WHOODUDWRU
&RQFHSW�([SORUDWLRQ�([SHULPHQW

❂ *HRPHWU\

� �5�!� ������P����DS!� ������P����$!�a����

❂ 3DUDPHWHUV

� �%�!� ���7�IRU���V

� 3(&+� ����²����0:

� 3,&5)� ��²��0:
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426�&(�3K\VLFV�3DUDPHWHUV

❂ ι�a�����WR������LQ�YDFXXP

❂ ,SODVPD�a����N$�IRU�%� ��7��DW�β� ����
� WUDQVIRUP�IURP�FXUUHQW�DGGV��RQO\�D�VPDOO�DPRXQW
�a�����������WR�H[WHUQDO�WUDQVIRUP��QHRFODVVLFDO�
WHDULQJ�VWDEOH�SURILOH�

� ORZHU�FXUUHQW�������FRPSDUHG�WR�WRNDPDN�ZLWK�VDPH�ι

❂ τQF�τ,66���a�����IRU�%� ��7��IXUWKHU�LQFUHDVH�SRVVLEOH�
� QF�FRQILQHPHQW�VXE�GRPLQDQW�WUDQVSRUW�PHFKDQLVP
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&(�&RQILJXUDWLRQ�´,QYDULDQFHµ�$W�/RZ�β
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+LJK�β�426��436��&RQILJXUDWLRQ
❂ &ORVHO\�UHODWHG�WR�$GYDQFHG�7RNDPDN�FRQFHSW

� �����ERRWVWUDS�FXUUHQW
² DW�HGJH� ιH[W�a�ιSODVPD���WRNDPDN�OLNH�SURILOH

� ERRWVWUDS�FXUUHQW�DOLJQPHQW��VHOI�FRQVLVWHQF\�
² IWUDS�≠���RQ�D[LV��WRURLGDO�EXPSV����QR�VHHG�QHHGHG

� ´KLJK�Tµ���T����a������T�HGJH��a��
² VPDOO�SRORLGDO�IOX[�127�SUREOHP�DV�IRU�D[LV\PPHWU\

� �QG�%DOORRQLQJ��0HUFLHU�VWDEOH�IRU�β�a����
² NLQN�DQG�YHUWLFDO�VWDELOLW\�IRU�VPDOO�ERXQGDU\�FKDQJH

² GXH�WR�UHGXFWLRQ�LQ�MEV�a�����ILQLWH�HGJH�ιH[W
² KLJK�7U\RQ�IDFWRU��β1�a������
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6XUIDFHV�IRU�+LJK�β ������426��1S� ����$� �����
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$SSUR[LPDWH�%RRWVWUDS�&RQVWDQF\�:LWK�β
 �FRQILJXUDWLRQ�LQYDULDQFH�
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31 For low ν∗

β∗L31 ~ βk

k << 1

qp symmetry
improves with β
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(GJH�%HFRPHV��QG�6WDELOLW\�DW�/RZ�β
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6XPPDU\

❂ 5HIHUHQFH�1&6;�SODVPD�FRQILJXUDWLRQ�KDV�EHHQ�VHOHFWHG
� SDVVLYH�VWDELOLW\�WR�NLQN��EDOORRQLQJ��YHUWLFDO��0HUFLHU�
QHRFODVVLFDO�WHDULQJ�WR�β�a���
² HOLPLQDWHV�QHHG�IRU�IHHGEDFN�RU�FRQGXFWLQJ�ZDOOV

� KLJK�GHJUHH�RI�TXDVL�D[LV\PPHWU\�DFKLHYHG
² JRRG�WKHUPDO��HQHUJHWLF�SDUWLFOH�FRQILQHPHQW

� WZR�FRLO�GHVLJQV�DUH�XQGHU�GHYHORSPHQW
² UHSURGXFH�WDUJHWHG�SK\VLFV�JRDOV
² IOH[LEOH�WR�DFKLHYH�VWDUWXS��WUDQVLWLRQDO�SODVPDV
² UHVRQDQFH�VXSSUHVVLRQ�FDSDELOLWLHV



��

63+���0,7�6(0,1$5

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

6XPPDU\��FRQW·G�

❂ 426�&RQFHSW�([SORUDWLRQ�([SHULPHQW�KDV�EHHQ�GHVLJQHG
� RUWKRJRQDO�V\PPHWU\�WR�4$6

² JRRG�TXDVL�SRORLGDO�V\PPHWU\
² ORZ�ERRWVWUDS�FXUUHQW���FRPSOHPHQWV�1&6;
² ORZ�SDUDOOHO�IORZ��KLJK�SDUDOOHO�YLVFRVLW\�

² FRPSOHPHQWDU\�VFKHPH�IRU�(�;�%�VKHDU�FRQWURO

� IRXQGDWLRQ�IRU�KLJK�β, 436�YLVLRQ
² VKDUHV�PDQ\�IHDWXUHV�ZLWK�$GYDQFHG�7RNDPDN�
H[FHSW�_%_�VSHFWUXP�KDV�´RUWKRJRQDOµ�V\PPHWU\
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7KHVH�FRQILJXUDWLRQV�ZHUH�PDGH�SRVVLEOH�E\
DGYDQFHV�LQ�WKH�SK\VLFV�DQG�QXPHULFV�RI�ORZ
DVSHFW�UDWLR����'�V\VWHPV��7KH\�IRUP�WKH�EDVLV

IRU�H[FLWLQJ�H[SHULPHQWV�WR�WHVW�RXU
XQGHUVWDQGLQJ�RI�FRPSDFW�VWHOODUDWRU

SODVPDV�


