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Is a satisfactory result achieved according to the year 2004 goal?
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+ LHD has undoubtedly emerged in 2004 as the fore front leader of the world fusion research.
Indeed, the synergy of the advanced geometry of the magnetic field, the superconductive coils and
the range of external heating sources has provided for the achievement of operation parameters
relevant for a future fusion reactor. (244)

The world-record long pulse discharge obtained on LHD in December 2004 (with 1.3 GJ, 1905 sec,
680 kW) was especially noteworthy for the development of steady-state operation. (344)
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Are the themes of LHD experiments selected properly? Is the way to proceed the experiments

proper?
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+ The themes of LHD experiments are very well placed, especially, MHD studies at high beta have

been pursued extensively. Also, the issue of the Local Island Divertor has been addressed

questions of the efficient pumping scheme. (244)

+ The list of LHD experimental themes includes performance objectives, scientific objectives, and

technological objectives. The emphasis is apparently on the first of these, which is appropriate for

the mission of this facility and for its broad range of capabilities. (14)
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Are the themes of the theory group selected properly? Is the way of procedure proper?
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+ The themes of the theory group in relation to the LHD experiments seem to have been appropriate.
As experimental date from LHD experiment accumulate, there is a strong need for theoretical

efforts in interpretation and prediction of experimental campaign. (244)

(4) LHDH|f - nnZk - FHAIBEHMBORREDEDH T ILET A

Are the developments of the plasma control, heating devices, and diagnostics planned properly?
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FABII R A B RMTERE T H Y | A 1% 0 872 2 FHAEE NS X 2 W18 O FH B o Wy B g
DOHERDPIFFSIND, BE - IREARLL 77 X~ fEdh- SLikgEOMEIL, Fahn 77 X
~ WA B T A ARE A 2 D Rt E <. 29 LI HERREA~OHE S HIfT
T& ko, T, 7T A= BRGMENFHINTES < ARELE®D). EQY 7 —&,
ZHOFHAE ST A =2 OMENRERER TH A ) L TRTE L0, 295 LICRHIED
ERZ IR Z EICED b D & RERFNEIRA G TE LS, (14)

A large progress has been made improving plasma control, auxiliary heating and diagnostics on
LHD. Yet, a lot remains to be done in future along these lines. Indeed, adding a perpendicular
heating system appears to emerge as the first priority. (244)

High Frequency heating methods ( ECRH and ICRH ) must be also further developed and
implemented. The goal should be 1 MW of power with duration longer than 1 hour in order to
investigate novel frontlines of plasma wall interaction studies relevant for future fusion reactor.
(244)

Although at the present stage the range of diagnostics seems adequate new ones such as CXRS,
HIBP, turbulence measurements etc. have to be developed or transferred from the phased out CHS

device , thereby reducing the costs. (34)

(5) COEE LTOEENZR-LTLNSM

Is the responsibility as a COE in fusion plasma research adequately fulfilled?

AR EAFFEAT I L AR AT FERSRE & L CO R A2 Ffo CGERE S TR Y | AL
Jeartm - Fi L, WAEDOT T X~ - BRlGaa=7 4 DERIZTHEBKL TV 5,



(644)
- Ak, SOICEBICH RO PR & LGRS NS X, EREEMIFF LW,
(14)

© REWFTEOMSHI & L TAFERE LY 3AKE (i, LHDEHE, A7mA) &7 & Ol

MSFEFELTETND,  (B4)

« NIFS2AHFLE 725 TEEDTWD G RBIILFRFIEIL, K RFDE & —DIEESA 7

7 ANEM T 5 BT, REBRZERKRE 2R LT D, REFEOIERNG B OHEE O
LV —EoZmEMPHFSND,  (G4)

* LHDGHLFEHFFEZ D TV D 2 &3, B R O SR &R & REE DO Fsh Obse s &

LIZBA%E LFERAVICIZLHD THRFER T 5 ETREADTH D,  (24)

.« —RILFENFZE DR AT LRI SR NIFS & K5 & DM FEAZRHOTEMELIZ & > TREE

ERW, 5B bLIEL, RETHZENEENDS, (14)

© 07 BEE W IEIRFE R RO IE AR AR TH Y | RIIEOELAIS I U 7 F2BR DN FR

Thn, TDLE, COEEL LTOEMERIFIIZEHT, AR5t 7ZT TR REFEDORE
HEFIAME E L, RG22 = =7 « OFFFEIERBI O 5 M %2 S84 5 %513 CH
HEEDLIDE/HR, & UTKPITEB T 2 F Ao RHBEIC T - 'ikiIE R E &
HTHY, POEERBREFFOLOTHL, (14)

F7-. EBEMAREANS, Tlkar 77 L 2EoEBRS#EO M, L IME 2 PEEX
77 L—Z IS S EEREKFEE~OHE e £, BARD, Z L THRADCOEL LTD
TR R LCE B hem<iH i+ 5, (14)

« WFERATEA OMFFE L~ & L THOCOEE W I NEDIT & KEPILEF|FAFFE#ERE & LTo

ARDCOEE L TOEENSE KRNI, ~N— ROLEHA « Helf - ENERE 0%
MAbZ G T, K AARSRO S KRZEE O 7 T X< E A WIE OFERLY % % . NIFSIZF|
EHERITRETHY, AFTTOERIINMZ., SHOFELRDIIOMANYREIND,
(14)

< MBS E OMIERZIRITTERE TH Y . ENORL 5T ES NS OWIEE DR, Wbwd [BDd

EEFSTLD] EWVWHFHNTETEY, ZAMBRMRERMNPED D, ZO X1z, [H
WA DOHFZEE D BIRTIER 72, O LD EWEEIOEAIRKNCOEZD LD THY . F
TETORELYHETH, (14)

« COEIZIFEONDERND D EBbiLd, RO~ DIVRIE, " h~T 2Eir A

HINT T R AR LT T X< B0 m%E 125t L TOCOENRE 2 Hils,
Y BRI RIZE LTI H2ICCOEE L TOHREIZR-ZLTEBY, hrA X LVT T X~
WFZEIZBE L TIRIT-60 & O ILFRINFZECITER & OB BRI A X 5 70 & L CIEMA LD, F7z
EmeaRE - 77 AR LORE sl oS hnEEnt o, (14)

+ LHD for the first time obtained many impressive parameters previously obtained at random on

largest tokamaks. Therefore, the competitiveness of stellarators versus tokamaks has been proven.

In summary, results of 2004 went beyond most ambitious expectations. (144)

+ The LHD is the leading fusion plasma research device in world fusion effort. Therefore it is well
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situated itself for being effective and powerful COE in fusion plasma research. (244)
+ It is also important to recognize that the necessity of continuing and stronger support of LHD

project to perform more vigorously in adding heating systems and diagnostic systems. (144)

(6) LHDIZBH ¥ 2 £ RMAEDEDH AT EH

Is the process for conducting the LHD coordinated researches proper?

o BEREN S O— LRI, LHDIERIBFZEIC N Z . W7 AR S RIAFFE A M2 SeBR L 7= 2 &
A — R L2 EIERWICFHMIICE 5, 2 b DSR2 T A& 7EH L, LHD
DHIEHT, ENORBLEZ 2 I 2 =7 ¢ 0 “WHEE” & L TRRRITIER L, &R
AN RELERT D ENH/TE S, (7T4)

< AR DA E o TROF MPRALFEIRFIEIE, A - BEERIE TR IR IR OR35S 5
NIRDTEY | T THA—FE LTOEBIEEDOHFREBIERIEA TS, 3, 4
HBOLHDMIEIZ E D X 9 IZH T 20PN EETH 5, NN O ILFRFIEOEE % Bk
LT, BZBEOKMAMIEZ RS 58EE2 R LTaLY,  (34)

+ LHDIZE L TIE—MILFAFZE & LHDEHE AL RIAFFER ETH L, 2D T AT Lz fEH LT,
SR DM FERE DS EARINIZHED H 0587 —~ (Bl 21X, ST — LB LHDO H 57 —~ & &
BRI « ST %) 2RI H BT 555 0% LI GREY, S BIZIZFNT DO AR
FHREE THLIMTL e bo LT H a2 L inkvy, Q4)

ZHIVE TIE—MRIEFMFFE, LHDD 72 O FFE L [FEMFZE S L FEM R4 L 2 TE e, Zhid
LHDWFEICEHE R H k& 35 & 2, SRR DOMIZEIC b RERRE L6 L, IE
L < EFEFMPFIEEE & L ToZB 2RI L TEeeBER D, (14)

< EERVA R CIIAWEARRSCE M N ER SN D, NN O A LD HLERH D 23
2 =7 4 OHEIPHEZEZ TH ) TE DERIOMHEE, EOTDDIRER - BHEMFLTWD,
(144)

< HFEBFEEZ I LIl 2 ORFOWEMAL - =B Ly P A2 M, R OBFEH OREE
MBI EDONTICHERT 27-0121F, MO TERREREEENOY ., T THRIN
% EIZHEE D LW IR OB 2 21X, NIFS & —{RIZ 72 - 7= Jefiif) 7 [ EHFIE D
HEY) ThHoH, TOEKRTH, [ - Y7 M - BRIBETAY FERROER & il
Fon— RIFBEEEON S EFI1X, 2o o— R 7 Nljiglc g s LFEMTEE L2 5
NIFSO&EEIL LT, 4% x BEEENEE L2 LN THEND, (14)

- LHDICER S 72 [FMFTE L W O O TidZe <. REOKFEMNELBLL &, 7T A~V MET —~
DTHENRE L BREF LFECOWTI AR PR E IV R 2V, 5%, flxiX, BENO
A LFEWTEY A b ZdE& LT M3 REBFEON S EFAEEn S, (148)

- PG FEIZEO B & LT, BRIR M~ 27 FHEAEY RS, BOTmLEFEEE B S
Tiliam STV DA, RFFEIOFPITEY AR, AR RMAaINER b E 0, LV IR< ERSE
DaIa=F 4 TEm L THED TITo=NEW,  (14)

+ the coordination of research on LHD is definitely proper. However, the management structure is
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more of the matrix type due to many, mostly historical reasons. To this end, it may appear prudent
to simplify tasks of the leadership by making the structure more of the pile type scheme. (144)
The stronger integration of Japan’s domestic fusion research themes into LHD’s coordinated
research would benefit both sides and strengthen LHD project. (244)

The LHD experiment has excellent collaborations with other helical experiments around the world.
I was disappointed to see that no U.S. scientists were listed as participants in LHD experimental

groups, but I think that the fault for missing this fine opportunity probably lies on the U.S. side.
(144)

(7 REEOBEEE T EEH

Is the 2005 research plan drawn out properly?

TIaPETEY) TH » YRR TH D (644)

M REEEY RIENERGFEZHADFENEETH L, (14)

16L& 1T EE D BAEDOFES L 0 FEIZ 72 2 & BICHGE R HET L Ebind,  (14)
IMBARY =D & LT, BMEAKONBIZH T 2DIIRERFERTHDL LWV D,
MITHITINBAST — D) L WS BEOHIR LT A~V DAY v T KD mT R F—
KL DR EORELEHERRL LTHAMTHA S, (B4)

I7TFERHINZISE LIV & CRPRICR S S BIBT D8y 7 7 THT O J& 2 70 4 & —
FTRHYETHAI EEZXOND, A4 NCET DRREFEONEZRH REN TV H17
REERHENZ N2 T, EFINBI T 245 % OFHEE, IROFHEFRHI R END 6D L HER S
. SHBOBERICHIRNEIND,  (14)

FHENZOWT, K0 BRI RRNA R LETH D, BlAIE, AN F—2 8 LR
BEIZIBWT, BIERE T 23T A —ZHiH K O I BE S 5 BARR 2209872 £ 2R
THEIHD, (14)

ELT T AIIMETE L NTA—F T ITBIT2MBEOBRPROLNATEBY, £0D
R D BEME O KRD 5TV ET, BR T EEEICIT EZHER R Wb TF
P ZNODORBMEERDTZDIZED L S RT T u—F MWD DNTONT, L0 BRI
RN, (14)

It is also important to keep in mind a longer range of perspectives stretching over a period of say
10 years. To this end, some work along the lines of LHD upgrade should be started. (244)

The Material Center and Fusion Engineering Research Center would add important mission to the
NIFS organization but it would be also focused so that the core competence of NIFS should be
enhanced rather than defocused its main function and mission.  (244)

The small helical device CHS has produced a number of excellent results and fine publications

over the years. A recent example is the observation of zonal flows. (144)
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(8) Zofts

Other comments

- RO T T v hA—AE L CLHDEE L, 4% b K0 —JE, FrisMaBi i LI % it
DLERFETH D, HOCOEZDHITIX, 77 A~EBME DS BFNOL 5T, B~
FAZ T X B8 - AR - MPEZ BEHIMICE: » T & T INI IR RIb &2 o & LI2FgE %
Wt D LERBH A5,  (24)

< BEVERHEIE NI AT B IER IR E A TH 0 | BAERE 2 X 7 IR 2 AE BAE
ANFRETH Y | TNENOFEROFFRENENZRDTICHEE L, 5% b ETET2K
&L TCOMFRKHZIFERICERSE T Z A shs, Q4)

- S OLHDORCRIFERFTEL T, AT EME OHLERZ 10O EE X 5, 5% b T
FTOENEELRWNE YIS LT T -oTUELY, F7-. RS EAIFETIR3R N
l®%’7< OWFFHEA DO CEREL - W9t - A ¥ » 7 - HEFEIC 6/\y77y7% IE

HENTREFTT CTH D, THUTRLT 252 <, WITHE T, &ZEZ A7 LT, iy
%@ﬁn%%%l&ﬂ%%ﬁém\%ﬁém&&%%mbfﬁofﬁbw (24)
EWADMSZ R C DRI O T T X~ - A TFRIC T 510 OISR LT,
COE * Rl AR EFTEATIC B W T T KT RENB XL TR LY, (14)

« CHSIEEENFERITFEETY Yy v MU T 52 L& E R, CHSTOR ALOMAK & F i,
%;U%%ﬁ%%@%kvyvyﬁﬁﬁ%mmﬁm\&E%%E#ﬁ%?%%5oUﬁ)

« NIFSIZIE, filx ORF - o ¥ —RLBEIIH I LTS - T, TEMEE BIETHIE
e NBYEARDREST ) D123 E&é&@%ﬁ_Lbé$im R LTHEL
é%%%ﬁbtﬁ%%%%m%%ﬁbtwo(%ﬁ

- LHDOFHIHEIZE LT, ITERR M <=7 ~D%HE, haA X VT T X< DA IR
RPN STV DD, EDO XD RFPIREEN ED LI ICHMTE 20N HN T, 4%
X EMRMIRTZENnRkDOENL S, (14)

F72, LHDEBRIZBWT, A7 —U 7 TXHEEH T, ~U W ATBIEERVE 1A O rTREME
EREITO b METHD, (14)

+ LHDWFZEZ EHIAIC KR E < IR S5 72D121E, TEA L [FIRFIC00R 0 B85 O 36 45 23 b T
KUITHY DBV IEIZRSTHENL INOHIZHEFEWTEMLERD S L Ebivs,
(144)

- ITERFHE & BHE L T, RFEDOEREAMILOI Y MAEHINRKE S EFE L TW L T,
AEILFEF A & L COMAERIEFEIT, FROLHDERIZEI L, LD X 9 edk
BT 4T arafb, TNEREAL TN O ELTWHDO0, EVEkic, 954 LEK
B 7o et O R TN D Z E 2 HI/F LTV D,  (14)

© BRAIBIEME SN B ONERHMEE LTS 1ETH L0 TR E2GR2 0 E 2 AN
B FETH, FHMAEH ., FHEOFNE, I, FHm & kb5 - Bk R ERST
L b HIRETIZR WO T, Rl 2 BEER T 5 O CThiuR, DI ITFLRE T2,
(144)
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BRI OB OMEICK LT, BMEZE T 500, &2zl <& Th 50, #ik
Kl e EOBEIET L2O0EIETEL L OICT L2 L KeHMEZEER ORI Z 2 2 =7 «
B2 MEL LTEMRT 2 EBNTETH L, (14)
ITEREHEE A ik L, AFFEET & L CITER~D#E ) % X > T < (Al 2 34 L 72505
P CE 5728, ZZTHFEAERITERTED L) ICKVIEHRILSE O ULERH D,
(144)
FHFEMREBHIZIONT, T o=y MIRICETSEDL 2 LORICHALZES OTER
<, WANCIEWNMAES T ORI OV T L BEmICHEST X2 Thb, (14)
There is a lot of relevance to ITER in LHD in terms of long pulse operation, divertor physics,
improved confinement, high B studies, plasma wall interactions etc. Yet, it is important to pursue
alternative concepts rigorously and relentlessly. LHD is definitely a major player in this strategy
offering promising alternatives on the way to an economical thermonuclear reactor. (144)
The similarity and difference between tokamak geometry and helical system could be explored in
scientific understanding of turbulence and transport. (14)
LHD has several physics issues in common with ITER—such as MHD stability, energetic particles,
anomalous transport, impurities, etc.—and so it could be mutually beneficial for LHD scientists to
be involved in the ITPA process. (244)

2. 3 F&®

KA HFZE DR O #E L LHDEHE ONLE-S ). LHDEHE O R E « 8% HBAE £ TORK
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Lt DERR —BOEREIFF LIV, —J7CHSFEER Tl HIBPFH O LUt gt (' —
FTe—) HTEHERRREEFET I, INOOREEZ S HICRESE, SBITBRRT T X
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L Z L xMrFT 5,
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PEREILZ O S LT —~vREL > TEY, EROED T LOETRY LHWTE D, LFF
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REFEBE B Z R LTS,
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Vial—ya N ENNTND, ZiUt, SRS L — T BRIz o TRV A
TEERHTHY, 77 A~IZB T D (ERERE OREXHREITHL, Thbbv i
A —)VTR I DD hARa Y —ElbE, A A RB 1R EOHENEEFTHI I m
IRAR— NV TOTFNX—FEREEN G L TR DERTH D, BHITHVIAD 2R
BHEIOF LN ZEHTED, YEMIEIN—TRBT rEEREO VI 2L —va by
DT —ICBWTHLHRREE R D5 TH A H, A%IE, Wl A¥— 2O &Pk
LTHHWEW,

IBUES T2 b—va Vv OHEL LT, 3—7 1 v 7 OHEIROALR b3, BRI Sl
ZEDOOFHEFIELRBE L TBY | FRFTOESWFINKART oy VEZFEHT 550 L
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25, BAKHZ2BE LT, BEEY Yy A aXxR2T 4 v 7 U7V 7 a— ROBFIL, Eido M
[RRIEME] 1IZRT D2 F v LU THY, ZOFE I EELLTHMISNG, 5%, 2O X577
EIRERE L OHARROHE a— KPR DR X o H— N2 b 2 RSN 5,

3. 2 BRI OFHE

() F16FEDERBEFICHT SRR FON=M

Is a satisfactory result achieved according to the year 2004 goal?

RN SN DR 2/ FEICET TR Y YEEO BFERITZER SN TV D Ll S
ns, (74)

W5 CIADE@ME 77 A~ OBMRICET 5V I 2 b—ra YIZEICBVL TR, REE
LHD Ff7 o i~ — & F2Bit e % 3095 MHD -l - 228 VERF2E, 28RS & LTtk o %)
R HTRLF =KL & MHD fEEI O AAER 72 & OWEMHTFEIC B\ T IAEA EERR S
TEL< DEERLELREER LBEERRREZHGTND, (4)

BHEROR AT 527 7 A~ OB EHO Y I 2 L— a UIFRIZEW TR, R
fia 7 n 2T 2 RENEE L ED TV D, (64)

BIZ, KBS S a2 b—va v oltiEE LT, mBEYy A i@y 7Y 7a— Rl
KBUE Y R 2 b= a Y OFEROUE., ki 3— FoWSHkIco Lo, FEERN, S5
IRAZMDILR Z2HEEL TV D, (24)

The theory/simulation work that was described in the presentation is all generally high-quality
work. Among these results, I was particularly impressed with the studies on MHD helical stability
with boundary modulations, on ITG anomalous transport, and on energetic particle phenomena.
Some other nice pieces of theoretical work were the neoclassical prediction of the electron root for
e/n-1TB formation, the simulations of the ion strike-point distribution for the Local Island Divertor,

the new model for pellet ablation, and the theory for dust transport in toroidal plasmas. (2 %)

(2) ¥2alL—2avTF—IOHRETBEDH,
Are the themes of simulation researches selected properly? Is the way to proceed the

experiments proper?

ex DRFZERI A — Y o7 Uiz DL RETE ) o8I T 7 X~ WEO AR 2 F T
HY, ey Ialb—rva ilioTHRT 2 ERIRE WV, ZOMEDF ¥ —U
— RERRLRNG, Y2 b—ra U EXRDIBEFELZRE L oo, G ITEER
(Z BT D AFFERREIC B D AT BT, Sl L T Y = 7 MESHR E A NT AR T
—vRELTEY, @mFHIESND, BARBOFH R Hikima s L RIc SR sE5 2
EERHFBELTHLWEY,  (54)

The work of the Theory and Computer Simulation Center (TCSC) is organized under the three
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categories of fusion physics, self-organization science, and simulation science. All of these are
highly topical and timely. Fusion physics includes topics such as MHD instability, energetic
particles, anomalous and neoclassical transport, and divertor physics. They provide useful
information for experimental work. Self-organization science concerns basic plasma processes,
including topics such as reconnection, laser-plasma interactions, fluid dynamics, dusty plasmas,
and atomic and molecular physics. More interactions with NINS and other institutes are desirable
in order to benefit from the synergy of interdisciplinary approach. Simulation science includes the
topics of high-performance computing methodology and virtual reality. (2 44)

The work of the TCSC and the Theory and Data Analysis Division (TADA) has become more
integrated in recent years, especially with the movement of several scientists between the two
groups (including one person now shared half-time in both groups). The Simulation research
presentation showed an excellent table about how large-scale simulation studies are organized in
matrix form, with five of the six research areas involving scientists from both theory groups.

(14)

At the External Review Panel meeting, the question was raised why NIFS has two theory groups,
instead of one. To conclude, I think that the present situation with NIFS having two theory groups

is fine, because each of them has a distinct and worthwhile raison d’etre. (1 %)

@) YIal—rarHRDEDATE,

Is the way to proceed simulation researches proper?

BRe 7 7 X~ O & B 7T X< BLG O & Wilm & 3 2058 HEED B 2 b
TV E<FHITE2, (74)
WK 16 FFREORERNG 77 A~ OBRIZET 5V I 2 b—r 3 VIO IR A
LHD FEBROMRZE L LTl | F5 & Bim & OXFEMROBEEREETH D, (14)
Y ab—ya =TT, K HOHEMMEZIED LR 22 T80 K & ZeplcR
BHET EFHEEOERICOIEE H T T D, NSRBI &L - LT 2 T,
ZOX D BN ETETERICRD EAbD, (14)
KIN—TDERG 77 A~ Fgeid, R - I A~ — R & U7 AR IE & Bl ik o ik
B A B UTFRA XA MR 5 D, ZONIGIE, BHRE L TOT T X~ O
Z R WIHI RIS B )R HPH O P 53 B & O#HEA X ) S OHEET 28LE ., B X OAM B KL
OBEPLHEETHY | IR LOMEICHEAT 5, )7, EERZEE I Al
TR - TIRIAFSEIL, B & RO AREREEZ B LT, G T T A~ EROHEE L O
WO R X RREN S 72D, A%, LHD EBRO A7 59, ITER O ITPA {HB)<0kk 4
PREBRIZE, TS YT A L O —BOEEN T E N, BARSKOE S D LT
g2 LAl - TRIBFE 2 NS N —F B NERBH D, (1 4)
7L, REMICATERME 7 7 A< I122 b5 8T 2 2 L—13 3 VIR O B
AR P FTICET LTI REEBRETH L, KUY I aLb—Ta ARz T, #
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B L OV Y T2 b= a 2o Th, L0 —BRETLZENEE L, FFIZ,
FHEETO AR, HEk, BT OMAD E D I E ORI FEHR O BEE AR & A
STEY, HifvIal—Yalrer¥—NR2zo%EzH5 2 nEEND, 24)
Several of the simulation codes developed at NIFS have gained widespread recognition. As
examples, let me mention the gyrokinetic Vlasov code for turbulent transport, the MEGA code for
self-consistent energetic particle confinement, and the HINT code for 3D helical equilibria. The
neoclassical transport codes have also been quite useful. (2 44)

The development and further enhancement of large-scale comprehensive simulation codes is a
worthy venture, especially with the increases in computational power that have become available.
It would be recommended that the simulation effort be complemented with focused analysis of
underlying physical mechanisms by means of reduced codes and analytical theory, in order to
provide stringent tests of the physics models and to develop the intuition and obtain
recommendations on the performance of LHD. (2 44)

Comparison with experimental observations should also guide theoretical research. This has

improved at NIFS in recent years, but more could be done. (1 4)

4) Y2al—YarvFEROREOEDTILEYH

Is the way to develop the simulation technique proper?

Fikimr RS, Bro—aB ez ) —RFLEH) L LTRVMETE 5, (14)

=T 4 T DOEMOHBR LT EREEY YA v B Y T Y 7 a— FORBIZALND
£ 9 7%, BRI A E OO OFH R FIE A BT DAFEIE. AR O @I AR T
T NEREHT 5 b DO TH D L RIS, REIITIIA RN mWE R N2 525 b0 L%
AbhD, (24)

AR 72 FAm 23 N B 22087 SR HCC BB S TR O 3 — R S S 2 b —3 a3 b R A
THYVAATEY, X, MHD 28T S BHERATH AR OIRIL &8 LUOEERHR 2 % —
LAPEAEN TG, ET—~OREL I AT MRFERELEVWZ S, 04)
ZOXIIT, ARy Iab—ra CREOREEZED, BIERAT LI I 21—
3 WP MRS OMERE 2 00 (T HHH L TV 2 AUTIRE Y CTd 5 25 Al bz o0
TIEERAP R WVIEAH 5, FiZ, A TEDLRDL, F—F 277 X~ 2 iFENIC
Rk L, Ho, RESEESZBR TOMHEOHFERLZINES L LOTELYIalb—Tay
FHEORF L, TOMEOLFEFALHFHFINDL, (44)

The NIFS simulations use advanced techniques. Several large-scale codes have been parallelized
for high wvector parallel performance: the electrostatic particle simulation code, the
gyrokinetic-Vlasov simulation code, the full-particle electromagnetic simulation code, and the
delta-f Monte Carlo transport code. Highly efficient vector optimization rates were reported
(exceeding 98%). (2 4)

The Plasma Simulator SX-7 supercomputer, installed in 2003, has been an excellent facility for
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plasma physics simulations. However, progress in the development of supercomputers is very

rapid, and therefore NIFS should begin thinking about a successor supercomputer in the near

future. (1 %)

The virtual reality (VR) work is slightly lagging behind in spite of its great potential. In the past,

this line has contributed greatly to the output of the center in many useful applications outside the

fusion area such as three dimensional medical tomography. (1 44)

The report about using VR technology for three-dimensional medical tomography is potentially

interesting. Is the VR facility actually being used to help design the FFHR LHD-type reactor?
(14)

(5) COEE LTOEENZR-LTLNSM

Is the responsibility as a COE in simulation research adequately fulfilled?

EERR, EERRASIM ATETEITAT > TR Y . ARDHG - 2 b—va UIFEOLE & L
THoEB#EzR-LTWD, (7T4)

722 L, BEOEMA /OG- I alb—va VO AMDE DS NIFS I[ZEH LT
HTEBHERETHY | BRME DI T 2 M0 BEM 2 )R < & S 57EE) & 3812
BRI 2 M B OBLE NS EIREL Sy DELR L R L O— @Oz Mt Lizv, (14)
One recent measure of the excellence of the NIFS theory/simulation research is the fact that at the
2004 TAEA Fusion Energy Conference, arguably the most high-profile international meeting in
fusion science, NIFS theorists were selected to present four oral papers and one poster paper. In
addition, NIFS theorists were co-authors on another poster paper and also on the theory overview
oral paper on zonal flow physics (which was the first-ever theory overview talk in the history of
this series of conferences). NIFS can be very proud of having done so well with selections for
invited theory papers at last year’s IAEA conference. (2 44)

The real progress has been made after the LHD went into operation providing for novel
experimental results and seeking for theoretical explanations. To this end, the follow —up work on
the experimental findings has been excellent. However, in future it is natural to expect more in the
form of predictions and recommendations. The theoretical work on future devices will also benefit
the status of the center within NIFS. (1 4)

Also, the educational mission of NIFS is being fulfilled in the area of theory and simulations.

(14)

6 YTal—YavItEYTHERARDEDAITED H

Is the process for conducting coordinated researches in the simulation research proper?

EINS & Dk 2 IR IRRFRERH Y . O E ORI HED TE Y, #Ma@Eiitd s,
(54)

22



272 U, B G EA R ET LS O SR E & DL DO MRS A TV Z &L HHFET

bV ERRIIZEECEL R & O L —JEOILFNIZE, HAENEEE TR R L

DEENIEL L — P =@ IS L= =T T XAv DT I 2 L—a %8 T,
ENIZB T 287 7 X~ R5E08UE S 0~ 7 BRI DT 7 7 A BT A Z2ZJE LTt

ROFHAIAZ & B ONIRNHEEEOP A% — @ OLFRIEOIEFIENEEN D, (44)

The TCSC and TADA groups are actively involved in collaborative research. The collaborations,

workshops, and joint research have been very productive. Also, through the annual Toki

conference and other programs (JIFT and so on), NIFS has become one of the major meeting

places for the world fusion community. (2 44)

The TCSC and TADA groups share responsibility for organizing the US-Japan Joint Institute for
Fusion Theory, which arranges visiting professors, exchange visits, and workshops in both
countries; I commend them for their excellent work. (1 %)

The table in the Simulation research presentation indicated that large-scale simulation studies
involve not only scientists from both the TCSC and TADA groups, but also theorists from other
universities (except for the area of Periphery and Divertor). (1 4)

(7 REEOBHEEEITETH

Is the 2005 research plan drawn out properly?

HERMEOERZX>TEY | #MiRETdHs, (64)

B2, LHD TO H & — FEIU AT I fHFFE OFRR°, LHD X° CHS O %7 — 4 fif
Frcxtd 2, KBV I 2 b—a VoiREEERV,  (14)

RS E T T NV ORE A BT 72613, TRICORB DML 5% — B AhTn<
EREEND, (14)

The research proposed for 2005 appears to be mostly a continuation of existing research efforts.
Although not much detail was given, I am confident that the proposed work and new initiatives are
worth pursuing because of the quality of the prior research work. (2 44)

Yet, it appears prudent to take a few bold steps exploiting the new infrastructure of NINS. Also,
the focus might shift from the interpretation of the LHD campaigns to the guidance aiming at the
performance improvement. This has to be done in well — established and close collaboration with
leaders of the experimental team. Also, the effort to provide an input to the post LHD development
should be included in the programme. Novel material studies may become a part of the research
program as well given the plan to establish the World Material Center in Toki. (1 %)

From the LHD experimental presentation it was clear that there are several very interesting

observations that pose a challenge for theoretical understanding. (1 %)
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(8) Zofts

Other comments (such as relation to ITER)

KREIAY T NVARGEER OB G » 7 — Z bt 7 N — 7" L OISR T —~ D7 —7
bix, ¥ ab—a MEROHTRERZMOBLENOHIR TH o7z, (144)
BREMOY 12— a v IN—737 7 A~ - BREICB T 5RO Ny 77 7 2D
M 2 4ERF L TV o3, BHEBEOMERRM BIXE L AR IR O T I XA~ 32— g
VTR ) — R L) 5 ETARA——a o — & O, —J8 Ok D I EN L
s, £ A=Fy I T VT 4 bEMEMPVHEREIERLTHELTELLOT
BDHH B LN S OPMBFEREREICE N THRAE SN LI ITR->TEY, 20D
H COBMMEZ RO SIERMEFNNLETH D, (14)

B, o FRFARTSERT O NAREGI % 2RI L@ HEE MY S 2 b—y g VFED
—EoxrRELEZONL D, (14)

Very interesting results were described during the presentation on Simulation Research. In fact, for
future External Review Panel meetings, I would encourage extending the schedule from half a day
to at least one full day and having several theory/simulation presentations in order to cover all the
research in more depth and breadth. (1 4)

During the presentation on Simulation Research, no mention was made of any relationships to
ITER. It would seem that at least some of the NIFS theoretical work—e.g., MHD stability,
energetic particles, anomalous transport, and impurity transport—could contribute to ITER physics,
perhaps through the ITPA process. (2 4)

There is no need to complicate the structure of command of different theoretical divisions in order
to avoid unnecessary bureaucracy. Therefore, to retain or even to simplify the present structure
appears prudent. (1 44)

The TCSC and TADA web sites are fairly informative. Listing the names of post-doctorals and
graduate students is commendable. It appears that both web sites need to be generally updated. The
TCSC web site is easy to find, because it is listed on the NIFS home page; the TADA web site is
not as easy to find initially. (1 44)

In the NIFS organization chart (presented in the LHD experimental talk), it is noticeable that
neither of the two theory groups has a deputy director. The appointment of such a person for each
group would help offload some of the administrative burden from the two directors. (1 4)

In conclusion, NIFS can be very proud of the outstanding theory/simulation research carried out
by the TCSC and TADA groups. I highly commend this work. (1 %)

3. 3 F&o

Rk 16 AR EE DR B RIS KT 2 BRI B L7z 0]
BRERFAEFT Oy L 2 b—a iR, ERAICEHi S h D liR 22T TR0, [
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NTEE4
Review Form for the LHD project
NAME: Michael Tendler DATE:2005-02-10

(1) Is a satisfactory result achieved according to the year 2004 goal?

LHD has undoubtedly emerged in 2004 as the fore front leader of the world fusion research.
Indeed, the synergy of the advanced geometry of the magnetic field, the superconductive
coils and the range of external heating sources has provided for the achievement of operation
parameters relevant for a future fusion reactor. Specifically, long pulse operation lasting over
30 minutes thereby taking full advantage of the helicity of the confining magnetic field and
very high value of B = 4 % considered unattainable recently and now obtained routinely are
the lucid highlights of the 2004 results.

(2) Are the themes of LHD experiments selected properly? Is the way to proceed the
experiments proper?

Indeed, studies of MHD phenomena at high B beta have been pursued very rigorously, both
experimentally and theoretically. Furthermore, the issue of the Local Island Divertor LID has
been addressed demonstrating the efficient pumping provided by LID. Moreover,
experiments carried out employing the LID and fuelled by pellets offer a possible route to
improved confinement already born out by resulting strongly peaked density profiles. In
addition, steep temperature profiles also emerge at the plasma edge ( 0.7 < p < 1 ) under
given conditions. These results are highly topical and timely within the framework of fusion
research. To put it mildly, it is proceeding very well.

(3) Are the themes of the theory group selected properly? Is the way of procedure
proper?

The LHD data and theory group has addressed a wide range of important theoretical studies.
Obviously, since more novel data is obtained and accumulated there is a stronger need for
theoretical support and interpretation. Moreover, the impact on experimental program
focused on predicting performance and improving parameters must be amplified. Based on
LHD success, the theory group has to set new trends in fusion research instead of following
them provided by others. Furthermore, in case of success it should provide input for scientific
and engineering designs of post LHD devices.




(4) Are the developments of the plasma control, heating devices, and diagnostics
planned properly?

A large progress has been made improving plasma control, auxiliary heating and diagnostics
on LHD. Yet, a lot remains to be done in future along these lines. Indeed, adding a
perpendicular heating system appears to emerge as the first priority. This step will definitely
benefit MHD studies at high B. It is also bound to increase the ion temperature T; and to
improve confinement thereby bringing to light the suppression of turbulence by the electric
field shear. High Frequency heating methods ( ECRH and ICRH ) must be also further
developed and implemented. The goal should be 1 MW of power with duration longer than 1
hour in order to investigate novel frontlines of plasma wall interaction studies relevant for
future fusion reactor. Although at the present stage the range of diagnostics seems adequate
new ones such as CXRS, HIBP, turbulence measurements etc. have to be developed or
transferred from the phased out CHS device , thereby reducing the costs.

(5) Is the responsibility as a COE in fusion plasma research adequately fulfilled?

To reiterate, LHD is a fore front runner of the world fusion research. This is due to the
excellence in design and engineering of this device. Even attempts to follow remain
unsuccessful so far. Hence, there is a large responsibility to exploit this device to the fullest.
During 2004, LHD delivered a lot of novel results breaking the ground of new ranges of
operation parameters obtained on the same machine and even during the same discharge.
Furthermore, LHD for the first time obtained many impressive parameters previously
obtained at random on largest tokamaks. Therefore, the competitiveness of stellarators versus
tokamaks has been proven.In summary, results of 2004 went beyond most ambitious
expectations.

(6) Is the process for conducting the LHD coordinated researches proper?

Given the success, the coordination of research on LHD is definitely proper. However, the
management structure is more of the matrix type due to many, mostly historical reasons. To
this end, it may appear prudent to simplify tasks of the leadership by making the structure
more of the pile type scheme. Second, it remains a major task of funding agencies to support
the effort in order to accelerate already achieved momentum of development. Third, more
effort should be spent on public relations not only within Japan, but also internationally. Last,
but not least numerous Japanese fusion community should be encouraged to focus its effort
on LHD in the capacity of the most relevant to fusion device in operation in Japan. Also,
other world communities should be invited to contribute more than it is the case at present.




(7) Is the 2005 research plan drawn out properly?

The research plans for 2005 are drawn properly within the framework of the available
budget. One may think in terms of acceleration provided the budget will be increased.

It 1s also important to keep in mind a longer range of perspectives stretching over a period of
say 10 years. To this end, some work along the lines of LHD upgrade should be started. The
plan to establish the World Material Centre on the basis of NIFS seems very topical and
timely employing the traditions of the region. Yet, the expansion should not go too fast in
order to maintain the character of the region. Last, the collaborations with other institutes of
NINS should be included in the planning with emphasis on the simulation research centre
activities.

(8) Other comments (such as relation to ITER)

There is a lot of relevance to ITER in LHD in terms of long pulse operation, divertor physics,
improved confinement, high B studies, plasma wall interactions etc. Yet, there are also
important well known differences. Since, there is no guarantee that a future fusion reactor
will be necessarily of the tokamak type it is important to pursue alternative concepts
rigorously and relentlessly. LHD is definitely a major player in this strategy offering
promising alternatives on the way to an economical thermonuclear reactor.
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Review Form for the LHD project
NAME: Gyung-Su Lee DATE:2005-02-17

(1) Is a satisfactory result achieved according to the year 2004 goal?

During year 2004 period, LHD project achieved concrete results to demonstrate its role as
one of the leader of world fusion research. Utilizing superconducting magnet system and
powerful auxiliary heating system as well as its configuration flexibility, LHD project
demonstrated long-pulse operation capability with physics parameters relevant for studying
fusion reactor regime. Therefore, the reviewer firmly believes that the results achieved by
LHD project is more than satisfactory and would like to commend all staff members for their
achievements.

(2) Are the themes of LHD experiments selected properly? Is the way to proceed the
experiments proper?

The themes of LHD experiments are very well placed, especially, MHD studies at high beta
have been pursued extensively. Also, the issue of the Local Island Divertor has been
addressed questions of the efficient pumping scheme. Moreover, experiments carried out
employing the LID and fuelled by pellets offer a possible route to improved confinement
already born out by resulting strongly peaked density profiles. In addition, steep temperature
profiles also emerge at the plasma edge under given conditions. These results are highly
topical and timely within the framework of world fusion research.

(3) Are the themes of the theory group selected properly? Is the way of procedure
proper?

The themes of the theory group in relation to the LHD experiments seem to have been
appropriate. As experimental date from LHD experiment accumulate, there is a strong need
for theoretical efforts in interpretation and prediction of experimental campaign. The theory
group did perform very well on these directions, with support from excellent computing
capacity as well as strong staffs. It is however, to recommend that the co-work arrangement
with simulation group need to be reviewed and try to find stronger ties between two
competent groups for better and efficient execution of theory for LHD as well as fundamental
plasma simulation.




(4) Are the developments of the plasma control, heating devices, and diagnostics
planned properly?

After the last review of LHD project, the progress in the development of the control system,
heating and diagnostic systems is very impressive. It is also noted that the direction for
developmental path is well planned in accordance with experimental theme of LHD projects.
Having stated that, it is prudent to recommend that further developmental plan of NBI, ICH
would be implemented with timely fashion. It is also important to supplement fluctuation
diagnostics for detailed studies of turbulence and transport in helical system.

(5) Is the responsibility as a COE in fusion plasma research adequately fulfilled?

The LHD is the leading fusion plasma research device in world fusion effort. Therefore it is
well situated itself for being effective and powerful COE in fusion plasma research. During
year 2004, the responsibility of LHD as a COE in fusion plasma research was fulfilled more
than adequately. However, it is also important to recognize that the necessity of continuing
and stronger support of LHD project to perform more vigorously in adding heating systems
and diagnostic systems.

(6) Is the process for conducting the LHD coordinated researches proper?

The reviewer considers that coordination of research on LHD is proper to produce important
scientific results that we witnessed. However, the innovation on the process could be pursued
to focus on specific research theme further. The stronger integration of Japan’s domestic
fusion research themes into LHD’s coordinated research would benefit both sides and
strengthen LHD project. It is also recommended to extend LHD’s collaboration effort to the
world fusion community so that the scientific contribution of LHD could exert stronger
1mmpact.

(7) Is the 2005 research plan drawn out properly?

The reviewer finds that the research plans for 2005 are drawn properly within available
resources. In this occasion, it is important to recognize that a mid-term and longer range
research plan of LHD and beyond would need attention when LHD project produces
important results. The Material Center and Fusion Engineering Research Center would add
important mission to the NIFS organization but it would be also focused so that the core
competence of NIFS should be enhanced rather than defocused its main function and
mission.




(8) Other comments (such as relation to ITER)

The findings from LHD experiment and theoretical work have strong implication to
the world fusion program including ITER project. In this line of thinking, the
importance of collaboration through international effort such as ITPA should be
emphasized further. So the similarity and difference between tokamak geometry and
helical system could be explored in scientific understanding of turbulence and
transport.
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Review Form for the LHD project
NAME: James W. Van Dam DATE:2005-02-25

(1) Is asatisfactory result achieved according to the year 2004 goal?

Excellent experimental results were obtained last year. These results were reported at the
2004 TAEA Fusion Energy Conference (Vilamoura, Portugal). An impressive number of
experimental papers from NIFS were selected for oral presentation at this prestigious
conference: five on LHD (including an overview talk), two on CHS, one on JFT-2M, and one
on the international stellarator data base. In addition, nine more NIFS experimental papers
were selected for poster presentation, as well as two oral and four poster papers in the area of
fusion technology. Theory papers from NIFS had a similarly strong showing.

The LHD experimental presentation at the External Review Panel meeting was very
interesting—so interesting, in fact, that I would have liked to hear several talks about the
experimental results.

The world-record long pulse discharge obtained on LHD in December 2004 (with 1.3 GJ,
1905 sec, 680 kW) was especially noteworthy for the development of steady-state operation.

(2) Are the themes of LHD experiments selected properly? Is the way to proceed the
experiments proper?

The list of LHD experimental themes includes performance objectives, scientific objectives,
and technological objectives. The emphasis is apparently on the first of these, which is
appropriate for the mission of this facility and for its broad range of capabilities.

In order to assess the experimental plans, it might be helpful for future External Review
Panels to see the run-time allocations on the machine. (This is normal procedure at advisory
committee meetings for U.S. experiments.)

(3) Are the themes of the theory group selected properly? Is the way of procedure
proper?

The strong theory/simulation effort befits the status of NIFS as a world-leading fusion
research institution.
See further comments in Simulation Research review form (below).

(4) Are the developments of the plasma control, heating devices, and diagnostics
planned properly?

Heavy ion beam probe, charge exchange recombination spectroscopy, and beam emission
spectroscopy—all of which are valuable diagnostics—will be developed and installed in the
near future.
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(5) Is the responsibility as a COE in fusion plasma research adequately fulfilled?

As an institution, NIFS celebrated its fifteenth anniversary last year. During these 15 years,
the Institute has made splendid scientific progress, for which it is to be heartily congratulated.
The construction and operation of the world’s largest helical plasma experiment is an
outstanding success.

(6) Is the process for conducting the LHD coordinated researches proper?

The LHD experiment has excellent collaborations with other helical experiments around the
world. I was disappointed to see that no U.S. scientists were listed as participants in LHD
experimental groups, but I think that the fault for missing this fine opportunity probably lies
on the U.S. side. The NSTX and MAST spherical torus experiments are very interested in the
application of electron Bernstein waves; perhaps LHD could initiate joint discussions.

The new World Academy of Materials Science that will be located near NIFS is an interesting
development. Perhaps collaborations on fusion materials studies would be useful, although it
might require additional budget resources.

(7) Is the 2005 research plan drawn out properly?

The small helical device CHS has produced a number of excellent results and fine
publications over the years. A recent example is the observation of zonal flows. This machine
allows flexibility for studying specific physics issues and then feeding the results back to
LHD. It is unfortunate that budget constraints will force its termination after next year.

(8) Other comments (such as relation to ITER)

Changes in the LHD organizational structure are occurring at a reasonable pace.

I appreciated that the LHD experimental presentation was structured so as to answer each of
the External Review Panel questions.

LHD has several physics issues in common with ITER—such as MHD stability, energetic
particles, anomalous transport, impurities, etc.—and so it could be mutually beneficial for
LHD scientists to be involved in the ITPA process.

The Fusion Engineering Research Center deserves more time for its own review at a future
meeting of the External Review Panel.

Again, I congratulate the NIFS experimental program on outstanding research results, and
look forward to the future continuation of this excellent program.
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Review Form for the simulation research
NAME: Michael Tendler DATE:2005-02-20

(1)Is a satisfactory result achieved according to the year 2004 goal?

In general, the simulation research centre has carried out high quality work during this period.
Indeed, free boundary MHD helical stability studies with emphasis on boundary modulations,
Ion Temperature Gradient mode turbulence, tearing mode and reconnection studies and
energetic particle behaviour are among the highlights of the 2004 activity. Neoclassical
simulation code addressing the LHD configuration in particular and the stellarator geometry in
general yields very important results in obtaining novel features of transport barriers recorded
on LHD and CHS. Among new lines of research, one should mention first attempts to develop
the theory for dust transport in toroidal plasma.

(2) Are the themes of simulation researches selected properly? Is the way to proceed the
experiments proper?

The themes of the simulation research centre consist of fusion physics, self-organisation
science and simulation studies. All of these are highly topical and timely.

Fusion physics addresses MHD stability, magnetic reconnections, high-energy particles and
neoclassical and anomalous transport. They provide useful information for experimental work.
Self- organisation activity addresses basic plasma physics including laser plasma interactions
studied experimentally at ILE, space physics, atomic and molecular physics. More interactions
with NINS and other institutes are desirable in order to benefit from the synergy of
interdisciplinary approach.

(3)Is the way to proceed simulation researches proper?

Codes developed by the centre have gained a lot of confidence from the community.

Among the major achievements one should mention gyrokinetic Vlasov code for anomalous
transport, the MEGA code for self — consistent energetic particle confinement, HINT code for
3 D helical equilibrium and last, but not least the neoclassical transport code. Yet, it will be
beneficial in order to enhance the impact on the LHD experiment to develop also simpler
analytical and reduced code approaches, thereby focussing on the underlying physical
mechanisms. This might enable the stuff to develop the intuition and obtain recommendations
on the performance of LHD.
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(4)1Is the way to develop the simulation technique proper?

The simulation technique is proper and moreover advanced. Most of the large-scale codes are
parallelized yielding a high vector performance of the order of 98 %. The novel SX —7
supercomputer taken into operation in 2003 is one of the most powerful ones employed all
over the world. To this end, the simulation centre is well in position to contribute to the
upgrade of the LHD device and should attend to this issue as soon as possible. The virtual
reality work is slightly lagging behind in spite of its great potential. In the past, this line has
contributed greatly to the output of the centre in many useful applications outside the fusion
area such as three dimensional medical tomography.

(5)Is the responsibility as a COE in simulation research adequately fulfilled?

Beyond the shadow of a doubt, the simulation centre represents the cutting edge in fusion
research. Many members of the team have made their high international reputations entirely
within NIFS thereby contributing to the high standards established there. The real progress has
been made after the LHD went into operation providing for novel experimental results and
seeking for theoretical explanations. To this end, the follow —up work on the experimental
findings has been excellent. However, in future it is natural to expect more in the form of
predictions and recommendations. The theoretical work on future devices will also benefit the
status of the centre within NIFS. It is noteworthy within the context the high rate of
acceptance of theoretical papers at the latest IAEA conference.

(6)Is the process for conducting coordinated researches in the simulation research
proper?

Many theorists from NIFS are involved in numerous international collaborations. Moreover,
many if not most of the internationally acclaimed theorists have visited NIFS and exchanged
ideas, results and methods with the counterparts from NIFS. This has become possible due to
the annual Toki conferences and other meetings organised by NIFS, extensive exchange
programs wisely and generously funded by JSPS and other funding agencies in Japan and
many other tools. Indeed, NIFS has become one of the major meeting places for the world
fusion community. Furthermore, the presence of LHD adds up momentum to the productivity
of these exchanges.
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(7)1Is the 2005 research plan drawn out properly?

The research proposed for 2005 is primarily the continuation along the lines of 2004.

Yet, it appears prudent to take a few bold steps exploiting the new infrastructure of NINS.
Also, the focus might shift from the interpretation of the LHD campaigns to the guidance
aiming at the performance improvement. This has to be done in well — established and close
collaboration with leaders of the experimental team. Also, the effort to provide an input to the
post LHD development should be included in the programme. Novel material studies may
become a part of the research program as well given the plan to establish the World Material
Centre in Toki.

(8)Other comments (such as relation to ITER)

Many codes developed at NIFS such as MHD stability, high-energy particles and anomalous
transport are highly relevant for ITER. Yet, there is no mentioning on their application to
ITER. Hence, the application of these codes to ITER is definitely beneficial, specially due to
the benchmarking of these codes to LHD.

There is no need to complicate the structure of command of different theoretical divisions in
order to avoid unnecessary bureaucracy. Therefore, to retain or even to simplify the present
structure appears prudent.
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Review Form for the simulation research
NAME: James W. Van Dam DATE:2005-02-25

(1) Is a satisfactory result achieved according to the year 2004 goal?

Very interesting results were described during the presentation on Simulation Research. In
fact, for future External Review Panel meetings, I would encourage extending the schedule
from half a day to at least one full day and having several theory/simulation presentations in
order to cover all the research in more depth and breadth.

The theory/simulation work that was described in the presentation is all generally high-quality
work. Among these results, I was particularly impressed with the studies on MHD helical
stability with boundary modulations, on ITG anomalous transport, and on energetic particle
phenomena. Some other nice pieces of theoretical work were the neoclassical prediction of the
electron root for e/n-ITB formation, the simulations of the ion strike-point distribution for the
Local Island Divertor, the new model for pellet ablation, and the theory for dust transport in
toroidal plasmas.

(2) Are the themes of simulation researches selected properly? Is the way to proceed
the experiments proper?

The work of the Theory and Computer Simulation Center (TCSC) is organized under the three
categories of fusion physics, self-organization science, and simulation science. Fusion physics
includes topics such as MHD instability, energetic particles, anomalous and neoclassical
transport, and divertor physics. Self-organization science concerns basic plasma processes,
including topics such as reconnection, laser-plasma interactions, fluid dynamics, dusty
plasmas, and atomic and molecular physics. Simulation science includes the topics of
high-performance computing methodology and virtual reality.

The work of the Theory and Data Analysis Division (TADA) consists of the application and
construction of theoretical models for LHD and other fusion plasmas (according to the
“Research Topics” page of the TADA web site). A more detailed delineation may be inferred
from the TADA “Members” web page, which uses stability, heating, core plasma, transport,
and equilibrium as the research categories. These are the classic categories for fusion plasma
studies and hence are appropriate. However, the TADA scientists listed under “Plasma Heating
Analysis” are actually working on anomalous and neoclassical transport, so this category may
be a misnomer. In fact, I don’t find any papers on plasma heating analysis in the 2004 list of
theory publications.

The work of the TCSC and the TADA has become more integrated in recent years, especially
with the movement of several scientists between the two groups (including one person now
shared half-time in both groups). The Simulation research presentation showed an excellent
table about how large-scale simulation studies are organized in matrix form, with five of the
six research areas involving scientists from both theory groups.

At the External Review Panel meeting, the question was raised why NIFS has two theory
groups, instead of one. Historically, the roles of the two groups have been different. The
TADA group focuses on the theoretical understanding of helical plasma behavior and provides
predictions and “postdictions” (i.e., data analysis) specific to LHD. This sort of theory support
for the experiment is quite appropriate since TADA is a division within the LHD project
department, The TCSC group, on the other hand, has had a somewhat independent status
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within NIFS, which has allowed it to address a broad range of scientific problems, united by
the common theme of being addressed through advanced simulations. In recent years there has
been a growing convergence between TADA and the fusion research activities of TCSC. By
and large, the complexity science and virtual reality simulation science areas of TCSC remain
fairly distinct from fusion science. However, these two theoretical areas may be able to build
bridges to research being conducted at other (non-fusion) institutes within the NINS parent
organization; atomic and molecular dynamics is one such possible topic. To conclude, I think
that the present situation with NIFS having two theory groups is fine, because each of them
has a distinct and worthwhile raison d’etre.

(3) Is the way to proceed simulation researches proper?

Several of the simulation codes developed at NIFS have gained widespread recognition. As
examples, let me mention the gyrokinetic Vlasov code for turbulent transport, the MEGA code
for self-consistent energetic particle confinement, and the HINT code for 3D helical equilibria.
The neoclassical transport codes have also been quite useful.

The development and further enhancement of large-scale comprehensive simulation codes is a
worthy venture, especially with the increases in computational power that have become
available. I would recommend that the simulation effort be complemented with focused
analysis of underlying physical mechanisms by means of reduced codes and analytical theory,
in order to provide stringent tests of the physics models.

Comparison with experimental observations should also guide theoretical research. This has
improved at NIFS in recent years, but more could be done. In the LHD list of publications for
2004, two of the 27 TADA theory publications had experimentalists as co-authors, and nine of
the 92 LHD experimental papers had theorists as co-authors. Of the 53 TCSC publications last
year, eight had experimentalists as co-authors. One of the four NIFS theory invited talks at the
2004 TAEA Conference had experimental co-authors. I was pleased that at several points the
LHD research presentation referred to theory-experiment comparisons (pages 38, 42, 43, 45,
47-48, 49, 54, and 55); in addition, this presentation described some experimentally relevant
theoretical results (pages 71, 72, 75, 76, 77, and 78) not covered in the Simulation Research
presentation. Theory, modeling, and simulations can be quite useful to help quantitatively
interpret and even guide the fine LHD experimental work. Fundamental theory/simulation
research can also be applied to concrete problems (e.g., reconnection in the Earth’s
magnetotail or laboratory reconnection experiments). I was also delighted to see that two
co-leaders of the LHD experimental groups are theorists (from NIFS and Kyoto).
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(4) Is the way to develop the simulation technique proper?

The NIFS simulations use advanced techniques. Several large-scale codes have been
parallelized for high vector parallel performance: the electrostatic particle simulation code, the
gyrokinetic-Vlasov simulation code, the full-particle electromagnetic simulation code, and the
delta-f Monte Carlo transport code. Highly efficient vector optimization rates were reported
(exceeding 98%).

The Plasma Simulator SX-7 supercomputer, installed in 2003, has been an excellent facility
for plasma physics simulations. However, progress in the development of supercomputers is
very rapid (cf. the faster machine to be installed at Nagoya University in March), and
therefore NIFS should begin thinking about a successor supercomputer in the near future.

The TADA web site has a page with directions for using an Athlon cluster. Does this imply
that a cluster is also available at NIFS for theoretical computations?

The CompleXcope virtual reality facility was installed in 1997. The question arises whether
this system is still up to date. Last year one paper on VR work was submitted for publication
and one talk was given at an international workshop. For better exposure, the VR papers
should be published also in English. In the most recent NIFS Annual Report (2003-2004),
there are two reports about VR work, but neither has any recent references to NIFS
publications. However, the report about using VR technology for three-dimensional medical
tomography is potentially interesting. Is the VR facility actually being used to help design the
FFHR LHD-type reactor?

(5) Is the responsibility as a COE in simulation research adequately fulfilled?

One recent measure of the excellence of the NIFS theory/simulation research is the fact that at
the 2004 TAEA Fusion Energy Conference, arguably the most high-profile international
meeting in fusion science, NIFS theorists were selected to present four oral papers and one
poster paper. In addition, NIFS theorists were co-authors on another poster paper and also on
the theory overview oral paper on zonal flow physics (which was the first-ever theory
overview talk in the history of this series of conferences). NIFS can be very proud of having
done so well with selections for invited theory papers at last year’s IAEA conference.

Many of the members of the TCSC and TADA theory groups have “grown up” in their
scientific careers entirely at NIFS. The Institute is to be commended for having nurtured and
developed a very strong cadre of theoretical scientists. The theory/simulation effort at NIFS is
well respected internationally.

Viewed together, the TCSC and TADA constitute the largest fusion plasma theory effort in
Japan. The TCSC has 14 regular staff scientists, three post-docs, and 14 graduate students
(according to their web site). The TADA Division has 12.5 regular scientists on staff, plus two
post-docs and three graduate students. The publication of papers by the two groups is
commensurate with their size. The list of publications for the TADA Division (included in the
LHD publication list) showed that 27 papers were published last year (where I include also #2
on the LHD list). The list of publications for the TCSC showed that 53 papers either had been
published or have been accepted for publication during 2004, with another 19 papers
submitted to journals. Also, 21 papers were reported at international conferences and
workshops (including the IAEA Conference). Presumably many more presentations were also
given at meetings in Japan.
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Also, the educational mission of NIFS is being fulfilled in the area of theory and simulations.
In particular, the TCSC has a large number of graduate students (14). Note that TCSC and
TADA have four international graduate students, which speaks well for the NIFS reputation of
training in research. Last year, NIFS also held a theory Summer School (attended by 17
students) and the Toki Lectures on Simulation Science/Asian Winter School (attended by 21
students).

(6) Is the process for conducting coordinated researches in the simulation research
proper?

The TCSC and TADA theory groups are actively involved in collaborative research. The
collaborations, workshops, and joint research have been very productive; this can be seen
from the international co-authorship on four of the five NIFS theory papers at the 2004 TAEA
Conference. Last year, there were seven international visiting scientists (two from the USA
and five from China) who worked at NIFS in theoretical research, in addition to five Japanese
adjunct visiting scientists. Presumably some NIFS theorists also went to institutions in other
countries as visiting scientists. The two theory groups at NIFS share responsibility for
organizing the US-Japan Joint Institute for Fusion Theory, which arranges visiting professors,
exchange visits, and workshops in both countries; I commend them for their excellent work.
The table in the Simulation research presentation indicated that large-scale simulation studies
involve not only scientists from both the TCSC and TADA groups, but also theorists from
other universities (except for the area of Periphery and Divertor). In the list of TADA
publications, 22 of the 27 papers had co-authors from outside NIFS (including international
co-authors), with the average number of outside co-authors being 2.7. In the list of TCSC
publications, 25 of the 53 published papers had co-authors from outside NIFS (including
international co-authors), with the average number of outside co-authors being 2.4. External
co-authorship, therefore, is healthy.

Within the framework of the new combined National Institutes of Natural Sciences, NIFS has
a real opportunity to conduct collaborative research with other NINS member institutes
through its expertise in high-performance numerical simulations.

(7) Is the 2005 research plan drawn out properly?

The research proposed for 2005 appears to be mostly a continuation of existing research
efforts. Although not much detail was given, I am confident that the proposed work is worth
pursuing because of the quality of the prior research work.

In terms of new initiatives, I observed the following: the use of the two-fluid model for
analyzing pressure-driven instabilities; simulation of non-perturbative energetic particle
modes; use of the Earth Simulator computer and development of a Landau-Fluid code for
transport simulations; and interfacing the open particle simulation code with an MHD code.
From the LHD experimental presentation it was clear that there are several very interesting
observations that pose a challenge for theoretical understanding. Let me mention a few
examples: the healing of magnetic islands in the plasma, spatial structure and time evolution
of nonlinear pressure-driven MHD modes, power threshold for edge transport barrier,
determination of the last closed flux surface, and zonal flow and the geodesic acoustic mode.
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(8) Other comments (such as relation to ITER)

During the presentation on Simulation Research, no mention was made of any relationships to
ITER. It would seem that at least some of the NIFS theoretical work—e.g., MHD stability,
energetic particles, anomalous transport, and impurity transport—could contribute to ITER
physics, perhaps through the ITPA process.

The TCSC and TADA web sites are fairly informative. Listing the names of post-doctorals and
graduate students is commendable. It appears that both web sites need to be generally updated.
The TCSC web site is easy to find, because it is listed on the NIFS home page; the TADA web
site is not as easy to find initially.

In the NIFS organization chart (presented in the LHD experimental talk), it is noticeable that
neither of the two theory groups has a deputy director. The appointment of such a person for
each group would help offload some of the administrative burden from the two directors.
(Trivial comment: At future External Review Panel meetings, please alphabetize the lists of
publications by first-author’s name and eliminate duplicate listings.)

In conclusion, NIFS can be very proud of the outstanding theory/simulation research carried
out by the TCSC and TADA groups. I highly commend this work.
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R L CHEBRICIR E D AREMEZ RIE L TS, T X v T 77 A D= NF - LA ZHE L,
BMEBEBTANX — L EBELRIRIC, DOREICHRT2 2 RS HBROBETH D LFRFZ, 2
NoHDOT T A IXIBERNITHIE 2 ST E L REORR 2T D H - e ot 4 & L TIfF S
s,

150 ‘
2) *j% . K%@#@ﬁﬁﬁﬂé C pellet > hydrogen plasma
| A _
IOT—IEBERIRIRE 2 D I e cal
! by
OH B, ‘*.‘g L T
. g J z=-2.6 cm ki
(1) RHAS (Rb > b, HANRT) % so | ey
B TR |
(2 & B PH U A 8 REE 0 Aol 49 i 0% i B 5 = g TR T T
BR z=-39.1 cm
0 L
LHD TIIRA BB Z R e L 1.5 2(0) 2.5
JURERUNIN { (-3 S,
TeAMi~ Ly b ASEEE LU b L — 300 : =
FETIAF I TATEMELE ccal V09 mis
TESPEL(Tracer Encapsulated Solid PELlet), ﬂ'é 200 | TN A R=0 i
2 UTABINA ART R RO N 2=26 om T
SR D BTN, T 100 [P Nene |
RFERL y M EAFE, N T AT T A= - o =391 em
IZENERAR L, R Fis s (EHdk o L Cpellet > helum plasma
B, RHGEEE, VY1 2 ) v 7RE) o - e g 1 o
—-. . O T
oA A VB BRI ORI A 1T - 72, S5 /
FRBUIARFE, ~U T A TREIRENTZRN
N, WA A VEEPRE WA EHE %\4_ ]
/NS D 2 EREH Sz (X =
13- o 7. RFEEEE LA OB =
3.1.3-2(a), (b)), F 7o, Xt I JEL D% §-z — Clhelium) K J |
FEARORERBEKICR>TNDZ L —®—C(hydrogen) [/ ]
£1—-Al(hydrogen)
A HINNZ72 Y N 1@@@617/&\: =0y Ny '3 . X—Ti(hydrogen)tlj //
GF &Ly P AR R TH T 3 — ,
(X 3.1.3-2(c)). dng/dp (1019 m-3)
TESPELIZ LY F2 o b L—H a7 332 REHISL o R

T X< AH%. 50, 250, 350 msec 212

ZEFVECH ZEIIN L 72556 50, 250 msec DA 1XIEIE R URFEHT TiIKo LML D3 R 5
23, 350 msec DIFEIEZ DM DA T T TiIKoJE IR E O EES 3ERRER W & 28]
P L7, 3705 ECHIZ LA RO LahRIx, 74 > b L—H AFEIER 238 L 55 <
252 LaRMELTEY, ECH IC X 2 RHlipymt = H Lo & ECH FIINREO R S5 1m % D21k
OBfREHR~T-, ECH ZHIINT 5 &, BHTEICEL L TW DA TN TR Y . B MESN

30



Rt B UEHEO —SOHERNTHD Z ERRBEIND,

ZOM, Xk o H A& W BUV B D 227 MR THiL, UL LHD 79 A~ %
FIHE LCHATDER & 2o T D (RIRRS: : PRI,

(2) JEA - XA N=2TF X=5HAl, ROGHR#EY I 2 L—3 3 & DO

ST RREEICE DB D 7T A~ T ORMY (EITRHE) DEBRT — & Z2ECHFE T 5 720121,
LHD 77 X~ ORKY) (JRFE) OFEE AT L2 g iEe by, £ 2T, wibksE (1 42)
DOEEROF D Z L DOTE LRIk 2 21— 32— FK (EIRENE: A7 7 L —#—
N—=a ) ZFRIHLT, #AN=2T7 7 XA DORACKFEG T - A F 2 DEE A 72 E xR
LU I 2 L—a VEMRE A T o 70 (RS - PIRFERBEGR) . T OFRE TIE, FA N
— L —=H AN DA NTATRA L FIPHRIEKFE(AZ > CH) % 7T A~ I ST 5,
RYEEF I THRMD XA N—=F— L v 712> TRFEOBE DR\ WEESER SN TE Y, CCD
B AFZIZE D CI ORISR L ILEMERIC TG LW Z &R gnoiz,

3) mB

BTHA 7 TIEE B EREEMMEL, & B & BN LIRS BRI B\ TR & > B
W 7oA A OB A MR D ORI G ICRF 7 7 T &2fE L, FEEE ~
— Z B 41%DEML S AL, ZEORRRBFRO B, H8 WA 7 ATk, XfAJIZ ICRF 7 7 F 3
RE IO, (1) @_X—2 T e GmBih (NY v af e yFy KON R,,) D
b, KO (2) (BB~ — & @R D NBI ASITKT 5 ICRF 7 7 FORBEZH NI T S
CEHAME LTERNIEZEIT L., 72, mpbicmiy 72w e LT, (3) LHERBL
B s PR [ BT 2 KR HTRLICERE L7230 SX 7 LA 2= (4) &34 MHD £— RO
CiAD~DOEBIZ AT 5 F8k, @il SX #5f A 7 & iz (5) MHD REEMDOZERIEE & #
B ORI A B = X AOFRIZET HEBREIT o 72 (KA LFEKRTE - AR STE#R)

7T X~ O BAbE B TICIE, MHD, SsRetE & OINEIR SRR 3 2 B B O i { b
NEE L 725, LHD (ICEBIT DHGRAALE, BERNE, e, 77 XA~ D7 A7 4l
BT HZLICKVIEERET D2 ENARETH Y . 2 E TOERTHE DL H A X OB
TN O @ B 7T A~ AR Bl 72 e BeNL 2 R T LB 8 5 o el 70 BEASNL S D W T,
INETOERLOHGRIFEICEY (1) @sretE CBrlriig) « Rx=3.53 m. (2) MEWLIX
B Ry =3.6 m ¥, (3) MHD ZEM : Ry >3.5m EDHANELNTND, (3) (T2 T
1%, Rux=35mBENZICBWTH UIADIZE L 5.2 % 27 flkd MHD & — FABI S TEY
BRI PRI K D REDBNETH D & FRHESNDHT2DTH D, Rx=3.6m TiX, =7 MHD &
— NEE B CREILEND Z E 2R LT WD, FilE LT Ry=3.6m ITfET, /noRéAkim
VT P ABERROVIEIT L LN T T A DmEmBILICEE LN NG, yEZ TS (TR
U MNERTD) ZEICRKY AR T MEefIETL S L, 22T, vidm/-a/R T
EFINDIANV AL AL NOE T THY, LHDIZ3BO~NY HLaAf LaFFOZ &SI
RN a BEZD T ENTED, FRELTT I AT AT MNEAHIET 5 Z EAAIEET
bb, FETHATVOERTIE, vy Z122ICHKETLHZ LIV T I A7 Mamfil L, FiR
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ZHEE L CORT, WM IR/ INREE-37 Yy NN (1 7Yy M 25%x10-6 OT A ITHHY
T2,) IZHV, AEARZETRO LR, X 3.1.4-5 (TihE 8 BIOKR v A X HOTHOH
FREELELDIEZLDOTHD, MllIE s ¥ —FKE5 T, 1087 Z—OWNIZRE, SMUZRE TORE
MERTH D, FHENME TOTHOMIMEITR /D, ZIUIR— MERRENRER2 70 TH
o LML, WTFROMBEIZEBWNTY, WEMITRNIREE+H-37T Yy FUNICH D, brA
ZNHROTHOFFER bR a A AV FHOT HER TEHAEZRLTWD, ZRHDIZ Enb,
RN D 8 AR LI O A — DIk L L CIEREICEIME L TR Y . 230, B IE T EEY
DOFRBERFHE OEBERIXEETH D Z LN DD,

O October 4, 2000 /Nanuary 19,2001
3 250 e 250 ) November 29,2001 Vlanuary 11, 2002
= : : /A - . | ! <> November 27, 2002
g ‘ : , /, 1 B | B | O September 4, 2003 /\November 18, 2003
§ L gl -d modeST A0 ] N 1 ! 1 lovember 24, 2004
Q 200 - Bmax = 2 : 200 “: : L ' \ ‘
=4 [ v=1258 ra ] = A N e A R A
A : ; . s P n. . - A S R -& ]
2 150 : 3 r 2150 Soar: :
: HSNE3114 g ysNE3i11] & .“ ““"V fonast
<z3 o ’ ] '§ w Solld mark HSNE3X12 (outer equator)
g 100 50 3100 : :
E : R
Z oL F ] [ = o gﬁ-@ Q&Q .
3 0% ] 50 e e I O V2 s
§ i 50 ] Yo :E@Cf : : ‘
§ ' I ] r : Open mark HSNE3X09 (mner equator)
R e e . e 0 .
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Measured strain on October 4, 2000 (pe) Sector number

X 3.1.4-4 20004 10 H 4 A OHIEREF L X 3.1.4-5 SHEMOFRa A X HFROOT 7
2004 4 11 H 24 B ORIERE B0 Hig HIERE R (NTRE & AMAlRE)

4) LHD MR v A 2V a3 A V1T 5 R R E s o 8l
4.1) 1IZUHIC

=T A2 ATy MNCIC)ERZ AW REGBIRE 2 A V2B T, 2 A Vi EORY;
FHEL- &, BEEBEBRD T ThHo THEWEEREZF -T2 EA gl shTnsd, =
DY D EREER R 71 2 A VN OFER BN — 7LD b D EBX LN TNDN, £DEN
PR DIEHME /R T 01T, EEALITITE > TWRYY, RBFFE T, CICEARZ W T 5 LHD A A
Zadgi (IS aA AVEBLOOV aAL) OFFHIR—VELEZR T, BGOERERR Y
OB % i AT,
4.2) HIE 71

[4 3.1.4-6 |Z LHD DK & AR — VR ORI LiEZ R LT, IS 21 /b, OV 214 /LDONE
HCENZENAEOR—NFFEZIW T2, Ela A& FMilaA 1 180 2282 T 2
AT OICREFEZWY (1T 72, JE LEBSGO T IE—#ChE M Th 5, BHElL, BFo~7
T R~ EERHAMCHGE L CTIT 9, £72IS A /L& OV A VDA THEET 2 Rl 7 K b 5
Jiti L7=,
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® F—IFET 1534ILAAEME OV ILAE4E
BEAEIIHESR

X 3.1.4-6 LHD OWrHX & A — /3 OEHT L E

4.3) FEERAER

X 3.1.4-7 1X5 E O M) 72 ET — X TH D, 1S TA M 14kA (OV A /W2 4.6 kKA & iETE
L. 1 BRIERFR L7t JBiRE L7z, BT L, BIRE 24 V2810 B L=tk OB 02 b %
K2R Lz, BREGIVEESNTWADIZHE 0D LT, GO BN STz, D%
EREREERANNCT 4 v T 4 7 LTcithifia, MOTIZFERHIR Lz, BEBSOA 71 v b
Wi, FTEFOF 7y b, 77047y MOMA, BENRL LN WEBEBSE D RER
CEENTWD, £LTT 4 v T 4 v 7 MiFROBEEREHITAK 2000 HTh o7z, LHD AuA &
WAL RN TEH, ZHE CTOBRIG L RO RRFESR D DFET D 2 E DR I, S
DICIEBERTT TR, BEFOT7 7y b hy T TEBENZENLL TWRWVIRETH, #GO
W ZAITBIR S T, BEMOMBER TIZZ 0 L 5 RERERREIIRAE LRV, o THBIE
M CRR LA ERL—7ICER LTS EEx N5,

ASEIOLEE TP IR TH I -7 2 LiE, BELAZRFFTHRHARW & Bl B =
NOEMDREER RS RDL VI 2L THD, IS A MO TOREREIX 3.1.4-8 IZR LT,
WIS IS A /L% 14kA £ THE LR O, REMSOBCRFER LR LTc, A—/L REF#EN
Brohs (ZAKEE) 1. RERE 500 BRETHD, —FH, A—/L A | KEIZT 5
& IRFERIE 1000~2000 AT R LTz, ZOBRN GG ER/L— 7 ORFEHIL—2> TR &
AL TNDZ ERghole, SH%ITEDLIC, B —7OREEZFMIHDL TETH D,
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[ 3.1.4-7 IS A /L% 14 kA DBl L 7= [X]3.1.4-8 IS A /L% 14kA £ THEELZHOD,
BRI RN DEAL PR D AL IR E 2K

5) HYRE o A )V EEIR O BB i il E

5.1) WO HHY

BERlG 77 X~ Feiei 8 RS = A VG BEIR I X ITE O FRGAM 2 T 5 72 DI TR o
FUENREREND, T2, FEROBKEMAEEICB W THRBROEHEN TR IN S,

- TEDKETaA VEREHEHTELZ L

- FTEDOEHIENFETHH 2 &

C VAT LRT A—=ZOER), HNELUSK L TER, ZETHDLHZ L

HEE A N RAT NIE 2 HEEN DN L

AMFFENT Z 0 B R 2 7o 3 BIHIE > 2 7 LB 2 HNE LTV 5,

52) ZALETORE

AT A 7 V£ Tlo, HoolfllflRR G 2R U<, 2@tk & SR O i N & - 72 HlH15% 2 5%
FFLC&E R, TOET, uT;miﬁ@VXTA%%%Lto

a) AR oA JVEFEO A R U9 5 %

b) 7T A~ER LM L, HIEEELE I 2 7= IR
b-1) 77 XA=EIRICEDL LT aA VERE —E &7 Sl
AKHECTIX, 77 A~ BIRELEFIC a2 A VBN BRI DD, 2 A VETEITRE S EAH L,
Fro 7T A~ BB Lz & & OFifEsZE Ly,
b-2) 7T A~ K D SHASRERZ b A il 3 2 il
AHETIX, 77 A~ BRE(LRHZ 2 A VERNBELT D03, aA VEEOE&IDRL, 77
X2 {HBREOEBE /NS <MD,

5.3) AFEEEDOFHEF K OECR

AMEEE COERRT, 77 A< HEIFOEFEZ A & 2 D558, HIERICEELNAASL VS
R o7, T, KPEEIXT T XA EIAG TR 7 4 L Z (— B LIV LL T OfE FI2IEE
AT, L EOFEFITx U CIL LPF FrtE A 7o 72) 28 L C. ERHEELING] A2 Mt L
77
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FEERAE R A ]3.1.4-9 & 3.1.4-10 12777, X 3.1.4-9 ()X BT — EHIEIFD 2 4 VEREB L OE
ONRZDELEEDT T AERTH 5, 77%7%%$%77XV%MQM4_ﬁ#¢5:4wﬁ
JEWRE L, aA VERE —EI RS TWD I &, 7T A HBFFOEL S 2 A4 VEFRER N
ThoTEDOBRITHEIITEL TV AR, KERTIE, Y7 AEBRMED Tho7zZ &b, #
SLNHIARD 5 BIER T 4 VXL HEIGOREIIRETH L, Lr LR, Kl 27
LRI EHE LB AL 70 GEERFTRE R 2 E SRR ST, X 3.1.4-10 [IBEE T 1
KD a A VER, BEBLONT I XAERTH D, 74 NVZEIRELOA 7y MERENPRESR
R, aAI)VEBRICRY 7 "R E LT, 79 A~AMNERTIHEZBE LT, BRREEIIRAL
TV, 5%, 74 VE 2G0T A =2 ORiifb, FEREGIE OB, #6k0 P A~
DEATAT A TETH D,
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< <
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6000 sonis 120 o ter R~
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5950+ 0 £ 595 (freeerirrers 0 s
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(a)2 A VEIRB L OEE (b)7 7 A~ &Eifi (@A NVERBLIOEE (b)) 7 XA~EiR
6) NT v ABEREIC X D 2 A UL ERE FE

~ U VRIS SRR

BB NV AT EANKETH D, BIEE A L5 E

BHDH WA

BOTIE, AU 2 RS 2 FEE RV il

BIFBHNT U RAEE

NS, EREa A

VY AT DORAFHIAEE AT D 2 & 2 HIICERZ1T o7,
A L D BARIEFEBRAE RO A vt &2k T 2 SOBIRE 2 A VLA 2 (Bl IE, OV k|
OV M&. BloaA AWz X HL 2 A kb & DEA > 27 X ADFEZEIT AM~0.3 mH f2£ 4
Thotz, MERELUC L DGR L X7 XU AFR XY BIEHAEA VX7 X v AR
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AR e E A A ARET D256, ~ 1 mm OMETIICHY T2, 7F2T 07470 ROR
K272 2 & 9 7 8 mm FREDOHUAR 2L EAEE, SV ZUT 34 A EE RS KO X
FIELRWZ ERNHEESND,

KA A 7V TILLID = A VEE(A BIRRHE, Bl EIFRRHE, B2 EFRRH) E A K EZKT 2 D0
BREa A NEx EOMBEA L H 7 B ADEWDSLRHE L TV D, ZOHAD AM ITH KT 0.03
mH FEETH 7=, BE, BEEaAA VORI UV RABIEDOT L NT 2L LCOIBHlI S e
HEE = A NV OIFFEF AR O TR LRI AN T, ERT —F 20 LT\ 2D,

7) LHD & ) SXFEE O i~ U U LI K D HEIO FiE b

LHD SR Em Om A G R, ZHiA~Y 7 A2 LD 20 WHIOEEIHMEAITH DM, &
OFRFFHEITFHEMICIIARON TE LT, 2 ZHROKBEIREOR D72 & foi e EISRIEIC S
WTHIFER R EN TRV, EZTET, B 7 A 7V TIXERS ) SFREEY O % 2 KefH
Ik UCHEBT 2 EBRAITV, BWSIFEKE R L OB S O L3 X OB EEIG
Bit: DIRERLEDH LTIz, ZOFRR, RO Z LB hol,

(1) B S OWE LR O E WA OMENETH D

(2) BUR OB EIZ BV I FIGE IS OIREARZEMEITE L 20 (UhE W)

(3) B IXE A OB M OB ERB B S 55, | KHORE TH W FFRIN D L-~ULT
Hb,

F 8 A 7 NMTIBNT b, BRI FHEEY O MR &2 B 2 - 5HE OKMOIRER LU
HEEa A VOBAROEE EREINCTHD, £ LT, S HICHREARMEEEZ M2 &3
(B DI FE R Z2EPED IR SN DM IC SOWTEMR 2R D 5, EBRIZT T A~ EBRMN T
TORNATO PETH D,

8) &

ETPRER T, KBGREI A VAT A0S, FEEZHER TS L LT, T
Y ABERE, OF AHE ZRGEHIiT > TE T, B8 A 7 MZBWNTH U AT ADRREEMEN
MBI, 77 A~ ERICH BB 2 1T 5 Z LN TE 1o, I HEEAR)NEZHA
L. &0 IEfEICREAMEE IR0 D5t 2 BHAG LT,

RIVGEARE = A L TR THER S VIR BRGSO AL, 2 A VT AT LOVERRICHE L 52
DHDONE I DRET DUEN D D, B LWVEREENNL. 77 X~ omtEebIicER 2 7]
REMEN B 572D, RARBBENLEEND, ZOM, A NALEREAZFTMT 2 FiE ~U U LM
Ho i e &85 LW S BRth S iz,
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3. 1. 5 A%OFHEIZHT 7 R

1) LHD ~Y J1 V3 A L O FdE 7

LHD O~V F1/vaA JVEIR T, @WREIREMEZ IR T D 72 DI @mMET VI =
UABERA SN, Lo L b, KK O KB X o TIARPTO Z B~ O B it LB RE
BNEL o2 ENRKT, ERERME DK 90%D BRI\ THEARE I OILRGFE I =
VIR ZENHLNERY . TN TOERME (K 11.2kA) THEEESHLTWD, £ T, WAL
EME A IE L CEBiRiiiz fTE & 5 - OISR BHRE 2 TP A2 WENHE STV 5,
BURIZET) 0.12 MPa Dfafi~U 7 A (44 K) THEISHLTW D, MIBHREZ T 5 5ikE LT,
AU T aAf VR ERIET D 51E L A NN RS HiAR A 800 U CHE T 2 FITmm AR
REIC 92 J71E0 238 0 2SRl « Miit S, MR R T & KREIRBARS IEOm CHA 2 %38 O J5
MIBRE N7, H3.1.5- 1R L9, RRPEREMEEZHRMAT 52 LItk o Tar s Mgk
FEAFRE L 22 | ERE M OB S, £ BERRAY U AW ORE ) CHNRE FTRE 72
30K OIEEGEHEIANY 7 M3 50 g/s & RFED G TR, ZOHEDO~Y b aA Lo VR EE
$135 K &5, ZOWEIZLHEENRE ERNICTHRDL 20, F—HEROERCRIES LT
ET VAL NE N TREHEIANY U LR ORIz EMERER D I S 7,
EFETNAANORAGRIL, TE 27200 FE AT 2 7o D IRIRPEUEAMEE 2 Vo m R 2
T ARH L M STz, BT VA VIENEE 200 mm T4 X 12 @D LA ¥ —&a A LT
HY | KRR NAY AL VR T TH D, BRMICERE CRE ST D g A~
— A SNz =2 2 Lo TRFMICHEIRER 2 B ESE T, BRRFHROELES v 71
EVEHEOAREEHE L, ffi~Y 7 AT, BIRESBIE Lmnpy* (10.6-10.7 kA) ZHB 25 &
1 2= LRDO R UCHERE D . SOICEREZ L5 L 1 2 —r 22 TR HEE To
FHERE, AR & EfE, 7= F &Lz, AMHERIZI LHD ~Y v aA L CHEH s
THY ., ZOREIITBEER S TV I =0 DLEEAMITER DRI T D BRI 2 £ 1)
HZ IR DBHMBRGENEG L TNHEEILNTND, o, 1 ¥ =Y UNTREENIEE DR

KV, RO EB

il

> ! v v .
Heater T s | ISR L
¥ SHesupply | rExienz, —H,
44K He Refrigerat e
e erlgeraor @@ﬁﬂf\ul?_b.qj’(
Cold compressor -3 5y HIEELZ b g L

X] — ' T Ly* B EF L
X] 35 K T 11.7 kA &
TEA L, ZThbo
2 T C R AT
I 3K e, LHD ~VU 1)v
b AT A VHNOIREL 3.5

YWy

v

Sub-cool tank — K BEIZTFTFSZ L
& Heat exchanger Bus-cool cryostat 12 & > T 12 kA DJihkiss
BHIRFTE D,

[X] 3.1.5-1 &7y A 5t
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2) R R —fMER - B — 2T K B INEN - FHAIEHE

LHD TiEFENMEE LT 180 keV $/KFEHFPERL 1 B — A AS(NBDEZEH L T 5, BERR S % 52
BEELTOEmNE—LZ X =2 L, A A HE W) el inEVEZ BT L7222 5 10
MW $ROMENE FBLSHE, 7T A~ERNO@mEE, mN—F T T AVERICEDLETCRERE
BRE L C&E, LR LE— AT R —NEH WO M GII =L LT 7 A~EF &7
D, I~ 7 TEBEINTNWD LI REA T VIRET T X< EIZIIAME TH 5, E D7D LHD
T T 7 A= EMEOEmNFTA T )V b LT E—ANEREA 4 & NG DEIA 20T
ZLETI10keV ZHX DA A VIRELFF OV T A HFEB I HT, ZOMRIFA AL 1EST=D D
MBNT —TEZ D EBIEDKFET T AV TEEINTWOIA T VREDIER RIZH Y, KFES
FAZIZANT A T IMBAA N ZEINES D Z LI L EmA T AREEBNAEETHDHZ L&
TRIB LT 5,

NB I ZHNTA A UMEELT S -DIZIZE— LT A F— 2K LARTHIER B0V, K
RU— % RBL AT HIIEA A FRTE—LEBRERE Y, OEEANEZLT I &
A D, LHD (TN 2 BEASHIR L UEEm =R X —A AU UIADRENZ LGS H
BERAST DSEAR SN B D08, T UL Y FEOIEMERGIGELIC K L CTH Y . & O%EIR i
ANTFETDHZ LI mmr T —hi 1O RAIFRH CiASD EMHD ZEMRWALT 5 2 & A3
NI o Tz, FEBRIZ B A F P 7 v b a IR INEREIZ 600 keV (2 K& 5@ R ¥ —A
U BEESEE T AN SN TE Y, it keVEEDA 42 DT T X~ ~OEE NG ITHEN
ThbHEBEZONDICE T, —F, BEICHHERLFE—2 2 AR TENE, ZRETHELNR
Mo T R RIS JE B D A A IR EEZE M 5347 % A A H IR LV D Z & 3k
Do FRRTZ R X —E— AOENIIIRFEA A2 & OMELZBBT G LS KIEIZdEL, WEDS
SNEZE BT S, X0 A 42X —ikOm I BT 25 s if c & 5,

ZOXIE=RVF—NBI ZEAT L Z Lid@mA A RE T T A< ista it 5 E Tz -
U ONEGN D RE R A Y v N&EFRFD, & 2 CLHD Tl 40 keV OKFZHIERL - — L%
AT D AT LOUEfFEBIM L, F
B 17 FEOHE 9 A 7 VERN O
B HETHED WD, BRI
1ZX3.1.5-21277 95 —OFR— Mo be—
LTA L ERHTATRE S D, AT
—lL2 BEDEAFPRZHNT 3 MW
ZEIETN, E— AT A SRR
& 2BEDAF U PRIEHE S E L TR
FFLTWD, 2LV RIRILERK ST —T
10 b CThH L0, KXY —TlIftho B —
BT A RRRR REEEER I bt S
LHTETHD,

X 3.152 NBIE—ATAUEEKX, BL—4MN
A a7 IR E A T E,
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3. 2 CHS %
CHS EBiL, NEEEE LTO/NRIV ORI E ZHROEAF L - B =LA - T —T772 L D5
B 72 FHAEE 2750 LT, SR 7 A~ CLIADICE D 2 RGO W) 72 B 2155 2 L IZH A
EEWTTREEIT> TV D, B UAHDEEDOHIEICBNTEH, 77 X~ BT A3 HExHE =
Z LHD & Bl L TR E WA, 7T XA~ ORARTE & 5 VIE BN RS 72 D OIS 28R E 0
72z, HE— R EOUGEN CIADBGOMRICITAFITH D . FIZH LW CiADUEET S
DI R AR LR ZIT>TWD, FEFEEOHERCRE LTI, FRCEA A - B =L - T
— 7 NS X 2 EARTE OB & L B LV CIADSEE — ROR IR > TEBRFE R 2T 5,
CHS Tix, A A4+ + ©—LA « 72— (Heavy lon Beam Probe: HIBP) (Z LK 2HIEMND, %<
DY BERIFRE I kT D WFZE R R & 251 HIBP#

TWD, FHCAUBRMLIADIIGE  observation points HIBP System
WCRBWCHEELRER TH 5 ELOMIE
WL TiE, 79 A~ D02 % 5 <
AF ¥ U TEDEES & EmEORFHINE : ation points
PEREZYE N L C. BB BLG D 2E Mg &
RS D 9E A R I T o T D,
BHOWEITEL < OBHRITBNT, #
A ET VTR TE 5 00%
WA, BT T XA~ D UIADIIZET
DEEERE L E 2 5TV D ELTE
EOMIETIX, FRBIOZEM G L ZD
FHEAMREL DINE 21T 5 Z & e

Poloidal Crosssection 1

R=1m, a=0.2m

OO T DICARF K I2 D L7 B, Poloidal Crosssection 2

T OHEMERL kLT, CHS TIF [43.2-1 &0 HIBP fIERORLE

- FUZZEBR T C A @ HIBP % W 1. 1
T RRBIISE AT > T D, X 3.2-1 12, S = L L
“AOHIBPIC L 57T AvhESD T L . ) %
WE D 51k % IR, HIBP I C\If i :: 3 :IZona| flows ) EJ
THEEVIZEFEREOLOTHY, 1/4 L Lo 8
h— % (90 ) B BRcRE S -

NTW5, ZAENO HIBP I3 S0 0.1 0.5

HIE s D ZE &AL %[RRI /T RE C
b WA R OEMBLDOEID
=lrs] ~ I5E4 N — .
DGR COBLOENELILD, noise level
3.2-2 13 5x10%m?, EFIR - _

JE1.5keV, A A RE0.1keV OF

001 nl Ll Lol L1l
T A< E2ME L TE LN, BSORE 0.1 1 f (kHz) 10 10
BONRT—AXT fvb 14 F—F

X 32-2 EEHREEO ST —ANT bv EFEBERE
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AR A EOa e — LR FHBIRED DU EE T, BIE S v7c AR E R
M ECdH 0 BB 23 CEEYINERIE 12em) OALETH D, RCTRLIE B L—2AR
R —2~27 b v (BTIE VIKHz) T, JEEAS 1 kHz LT OIS R EEBIC R & 2 IRE 27 - T
WD EANRENTWD, HTRLE b L— 3 8 CHE SN B OB TH Y . 1kHz
LUFIZH 2 K& BRIRBORK G DR ZFF o TV D Z ERbnd, ZOEMICKE LA r—
N EFEo 2B OMRE RSN, b — T AOTLMEEIZE CRE RBEREZ 5V TS (IRE )
R E B2 AL, EHIHRIRT 5 K9 BRI S ORIERE RN G . OfFE A FZBRAVITHR
FEL7H DL LCTEBESHER EICBVWTHEREZB O TWOIRETH DL, ROAXT ML L
— 2 ET, 16 kHz ITHIC & D8 A3 7 1% GAM #RE(Geodesic Acoustic Mode) & FEIEAL 2 Hik
HO—FETHDHEEZBNDN, ZOMSITOWTITHIEN LEIR S 2 T2 0IC ZE TS b
SRR BIEBIDAFAET Do L LESEED
FEFREERA B 2 AR IR LR ST, 01w
CHS DA DFITH 5,

I B RH) O 22 [FRE 1S & BRI R T
T —H T, X323 D Lok, [

KR D 1/4 b —F ABfEN T 5 THIE S

NT-EBLORMEEER TRTAZTEAL
FL—ANRER>TNDZ L E FEEESO
s R LT Th s I L ERT, T
— U xE— RTiX.m=0,n=0 LRI I,
ZOBEITHRIFFAE DO DTH D, 14 b
— T AT H TTIEH D08, 0.5em BEdu 7= B y L _
Y o T RERTE EOEBES 2 RET S & C O AO~T i

[ B
X 323D DO LIITD, Thbb, 55 60 65 70 75

t (ms)

FBOMERD 5 ERRHC 57 % IR B
EHOEERDE L5 R o SR 323 EEHTBIOMEZL L A

L TWDZENbND, RFTNRESD

fHIE. ZOBFTOT T A~ DWNADM X % 1 —
RLTWDH, ZORIER R 0.5em Btz
B i & O 7T X~ O NEAE
LTWDHIZEERLTWD, ZOMEEZ R
HNZAAT T T2 b DR HRIR (& 2 W3R
i) OAFOEIRTH D, Y G5 BKmIC
X LT, ZOEGDME OEAOMEE % HIE
L7=bDONK 324 THDH, —HD HIBP D
HERZEEL, b9 —5E00 HIBP THIES
57T R R BB 2 720N b R
DONABOREEZRE L TS, F SITHIR
(JEtR) OHEEZF > T\ D 2 & B HIREIC R

rf;12énll

X 3.2-4 BBV ONAR D ZER 5347
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INTWD, MAHOZET D REI R 13K 1.5cm & 725> TV D723, :@ﬁé@%ﬁy-?—
~—EREOMERETHY, ZOELERTOBEGwRN O THISND H DI

LA 3l T AR 12 TR F 8 OO FERE 2R R E 2 S GBT®#A®HBP_iéMEﬁ\ﬁﬁ
THERADHEARITE DO EBRI2RGE L L TR BT,

CHS TIEZ ZHFIT DTz o THE SRR DIF L CRE R ER A L TCETWDHD, Rk 16 4
BN I o 1o BE 5 P2 EE  (Edge Transport Barrier: ETB) A D H G 1%, VW25 H-mode fik
BLHBOLOTHY, HALADKEOHE CIIEHEN R EE L EXEERT —~Th D,
H-mode ftEE & LTI 10 4FFRATIC CHS FEZBROAMR & LT, A — I v 7 &t & 7[R 28 )
Ao T2 EBRIC KD L~ U VR CIADAFIE TlIi#]® H-mode & #H L T 5, 4 [E10 ETB
HEIXA— I v VERETT &V D R EIRZ LB & L2 7adIz, AT OEO 08
SR ORI 2p & INVEER IR CHRBLT 2 Z LA ATREL 2 V) | ERRsREEE A a0 Wy ELEEAE O fRIF O

WCHERIRBREEE B2 T\ b, ZOX A 7O ETB EIX. —HD NBI O AHFHZFE—DH D

LT EE FiF-o b b, BERBEOa T4 a =y TOWEICLESTHEL N
LOTHD,

¥ 3.2-5 1%, $AUAY 72 ETB iR ORFHIFE R 2 7”9, ECHIZ L o TAER S L1727 T XA~ IZ NBI
NG UGB L 72 IRp, 55 BRI & B DED & 5 Sl 272 L1235 A12, Ha (5 5 3 20
WA L, 2N ERIRFC T T A~ BE L =3 L X —0BMAEIH X7z (H-mode i), HdHE
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Va2 lb—varEFETTLEEBIT, IT-60U OFRK Y T 77 A< b EET 5 IR E
TRV —HI - — R(nonlocal EPM)DFIEME & IEMIE T IRIZ BT 2 B ER 512D\ THFSE
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WL, B2.13-5 ERITREN TN D K 91T, RLEET— F2ER A0 OB ST 18 OE IR A &
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MHD 8 75 a8 ONAH 2 Z L . MHD M E S OIRENZ T 5- L T\ D DRy (=18587))
EMVIELIEOTHD, SOHIEICNEZBE LERGMEEOHEMEDOTE TRy LIk, &
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Fig.1 Products of vanadium alloy manufactured with high purity ingots
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Fig.2 Results of creep tests
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Fig. 3 Results of calculation for TBR (tritium breeding

ratio) and neutron flux in FFHR blanket
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. Rotating target
FNS in JAERI (D-T reaction) . 14 MeV neutron irradiation

oo

(August 31 — September 17, 2004)

Total neutron production:
5.35x 10" n/12days

. Cernox sensor
Sample wires

(Cooper wires,
Nb;Al, Nb;Sn)

MgB, wires
TEM samples

(Nb3Sn, NbTi) Tempéfature: 45K |
during irradiation

Cold head
Sample arrangement A new irradiation equipment has

on cryostat been installed at FNS in JAERI.

Polystyrene powders

Fig. 5 Setup of fast neutron irradiation tests for superconducting materials
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