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[Implementation system and the state of implementation]

(1) ERAOMFEEZ]Y £ LD TEKRRERL ERT 5 EHPIBREINTHDD,
CE=HFHIFE L)
Is the implementation system built to achieve deuterium experiments with
coordinating domestic and international researchers? (From the third mid-term

plan)
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AVTARHI 28 LT D, TR D FERITNIM U 72 @E B RH] & & 612, FrfziZ LD [EER
17T AEEREHEL, MEOKE L OERRAZEHETIE O HEE BB A 725
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R 28 CCTEL N RSO BEICOWTEY £ 2O TWHERTET D LN
BDDTIFHRND, LIEU D, HFEFZE TR LN BERITE 2 IZIFERLTWT S, i
ZEBLALBERDOBRDOTIAAAN T EERKLETHY . TNE EIBITHD
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FLORVPOEBROMELED TNV ZENEEEE XD, £/2, LDEET 12 77 A
ZEEOFEBRIRE L ENLFFEOREOEE ZWM A G NRE STV E 9 12~
2. (144)

LHD management has well organized and prepared plan for the D-D experiment
considering optimum use of the domestic and international leverages in knowledge,
experience and resources. The plan also has been well executed and clearly
demonstrated in a series of initial successful experiment. As an example, initial
result of the isotope scaling study which incorporated with domestic and
international expertise has revealed already an interesting scientific results.

The NIFS has successfully operated in Deuterium plasma now for two years. The
first year they achieved record-breaking ion temperatures and the second they
expanded the operating regime in order to provide a data set of sufficient breadth to
allow the analysis of the isotope effect. Precise profile measurements have enabled
detailed analyses of the confinement properties of the plasma as well as the
energetic particle population. The Deuterium experiments have also allowed an
analysis of the Tritium exhaust and retention problem that is an important topic for
future fusion reactors as well as for the social acceptance of present-day fusion
research. Last but not least, the strong theory and simulation team at NIFS,
organized under the NSRP, has been able to analyze promptly the new data,
producing gyrokinetic simulations of deuterium transport in LHD and high energy
particle tracing using extended VMEC equilibria. Analysis is ongoing.

LHD experiments have been nicely carried out with the guidance of board which
consists of domestic task force leaders, and international advice committee.

The central body for the coordination and planning of LHD experiments as well as
domestic collaboration activities is the “LHD experiment board” with four topical groups
in charge. The international program committee (LHD-IPC) supervises the international
collaboration activities. International workshops have been organized and a (English
language) web portal has been set up. This all complies with international standards and
should well serve the goal.

LIk, FHlEE TENSOBFZEE 2 B0 £ & TERFRFERZ T 286 RS T
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(2) BEAREROBRICHTZY | BREHEL - RIEFTORMBOMSRPBENC RSN D
L e bz, BREHREBNEHERYBILIN TS, (EZHPHFHEL )
Is preparations of safety management equipment and of facilities and their
countermeasures done appropriately for starting the deuterium experiments? Was

the safety management system built as planned? (From the third mid-term plan)
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HEEHIZBWT L, HifFO#ERSCHM RO ELICE, MR FIHO BIE LT
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DETH D &b b,
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NTEY, 5% LV FEMRFMAR -5, (144)
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Mz, FUFULNRT 2T 2 ETHOAERTH Y, 5B OFRE TORRE S
FFCE D, ERTERINZ NI FULAO—HPEZERROPITEFLTNDZ EN
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e Z &2 WFd 5, (14)

Safety management is extremely important in nuclear facility. The preparation in
monitoring equipments and implemented countermeasures has been executed well.
As aresult, the initial D-D experiment was carried out without much issues in safety.
The safety management system was built as planned and has operated well. The
division of Deuterium experiments management is responsible for enforcing safety
rules and promoting a culture of safety and openness. A radiation monitoring system
is operating well and information is available on the web. The system shows that
external radiation levels do not change during LHD operation.

Safety system built for D experiments is excellent which meet all safety
requirements

LHD is well prepared for deuterium operation and the necessary upgrades were
made. The actual deuterium operation is managed by a high-level body (“deuterium
experiment management division”) supported by a working-level task force (ATFDE).
Tritium monitoring via calibrated neutron diagnostics and exhaust tritium recovery
are in operation and seem to work reliably. A comprehensive access control system
was established. As a result, the required legal certificate was issued in early 2017.
Also, the required regular fire drills and documentation levels seem to be well
established.

LIk, FHlEE TEKSBEBROBIIGICZH Y | LB B - 3065 OBF-Ox ISR A
1Y)

WZE&N5 L LB, BeEPRHFHEE Y fEL STV DD 1T LT, Mid T
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mERHET 2231 240, m<SEHMET 223340, FHlT o8 14 Th o7,

[FIHARBR DR & 5RO FERE]

[Results of initial experiments and future research development]

(3) BEARERTT I AvDEMHRBILAR LN, ZRHMEOEWVEREBELA TV
e B=HITHIEELY)
Does the LHD project obtain high-performance plasma by the deuterium
experiments and produce excellent research achievements with high academic

value? (From the third mid-term plan)

o HHIDHEAKRERIZIVT, P EEDA A AR 10 keV ASER S 7 2 &I FFHE T
x5 (114),
7T R~ OEPERELITEE D A A IR 10 keV DAL, RIMAZNESC N U R PREE
(BT DR ROFBRR L FTHIEE D @ OECRDE BTV D,

FHRBERBIBVIEE D, ~ U DIV RITBWDTHID TRAAZDRIZ L 5 iAo
BEAAMICFEE Lz Z Lidm <Ml s D,

[FIRLARZN R D FHTHIERAR I OW T HIERICE R AE B TR Y | ERRFERICHT 5
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BT R F—R T S B, FERMALRALFERM T RE R LI NTND
7o, A% bkRANICATE 2 D . SOEERPEOND Z &2 MR 5,

RESBHBDRILR -T2 LITF AT S%OMEE LTeFERMEETH 5,

L~V ANNFT T Xz /3T F—Z =Gl AT T2 AR FR O ER ISRV IR 2,

The experimental goal is to achieve performance of the plasma at ~8.5 keV of
ion and electron temperature at high density and LHD will have to problem in
achieving this goal within the scheduled time scale, since gyrotron system for ECH
will be delivered in time. Based on this progress, a long pulse operation of high
performance plasma will be achieved as planned.

® T XF—RTF DM LIADIZE L TRMAERIRZRTRERNHTHD Z & id, T
FREROUYIARO DT L HERRRTHD (94),

[FNADRICEAT 2 27— U ZHIBE OS2 H 5 & & b, SLIE RN & O
HBZ K0 Y —F s X D LS 2B LT D Z & 2R L TR D i
IR,

SR ZRAITSE Aot L C . W5 P UA @77%7@@A%ﬁﬁ%%F®TMLw

B O LIAONERZOFMAEDRTELS LTV D LW I fmiT. o LT
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— X EMEAERQ CGEmE L 0wtz el o,

TR BARIZE L CIE, T S SIEEWEEN O T, A% DR HHF5ED
bz W9 5,

FKFKE T T AT BIT D BTSN V&%D@@?%9i1V~v5y%%
W BERAFFEIC & 0 BRSSPI e TRRISH TV Z L id, FHlmic
D TRV TH Y | EEMICbEm<FHishs, 4%, Bl ’%@ﬁf*%%%ﬁiﬁ
HEEBIT, Yialb—va rOMGREEHGRET VL OWEL BRY L L7 RGN
RHEEND,

HRDKFBT = NOOMER TR, TEARBRERTEITNVITHA SN TE RV
fROEDNOOHY | L LTO AR ICRESFLELTWD, Fi,
By alb—ya VEREOKISIZE Y 77 A~ WBE - BEG RT3 5 BN
RO HNOOHY | EHHNRFOMNFEEIC L > THHET &L < OFIET —~ 234l
RS, FROERICHFST b0 L HFEND,

New findings of this study may add a new piece of physics in isotope scaling.
However, it would be difficult to make a conclusive results, since there are many
experimental results performed in various devices and the outcome is wide spread.
LHD may have to focus on concrete evidence to sort out the wide range of
differences.

HAKFRERIZBWT RWEF A 71 b VY —T, 10keV OEFRENSGS
N2 EIFE<FHIiT 22 LN TED (14),

MU B BRBESRBRIC KD | LHD (2R DMk —hiF O LiAD GG S, [FHB
LD b~ 7 3 L RO CIADFEZ R L2 Z LITEHMECE S (244),
RDOERN —RKOERICS Hinbd Ko, TERQNERIESLZFERT L5 ENEE
5, E£7-. IAEA Fusion Energy Conference TIFNEFICENEEIN TS (1
ZN

KIS ZAE O R 2 HEHES 2 7 DIII A B OFFEE O O b D T & BN E
Iﬂﬁ(f“&oé R A BE O P R OFIEE D A 70 H 3 538 2 48 2 TR D & VP
FRICHRZ AR L, EOMEZM S Z ERMETHDL (14),

The LHD project definitely produces high-performance plasmas, both from the point of view of
plasma temperature and pulse duration. Scientifically, it is at the beginning of its operation phase
with Deuterium and, while it has a strong program of research, it is still early for this program to
have yielded its results. Nevertheless the work on isotope scaling of the confinement time, effect
of Deuterium on turbulent transport, and its effect on fast particle dynamics is very good. It should
be noted that the exploitation of the LHD machine has been significantly impeded both by
repeated budget cuts and by the apparent lack of long-term governmental support for helical

fusion research beyond the present mission of LHD.
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® First D experimental results showed very promising data. Future plan is going on. Better results

will be produced.

® Certainly a milestone is the ion temperature of 10 keV, achieved for the first time on

LHD, albeit at relatively modest densities = 1.4*10®m-3. The physics reasons for

performance improvement is multi-causal and a number of interesting and relevant

investigations have been performed during the recent campaign. The picture on

confinement improvement by using deuterium instead of hydrogen (“isotope effect”) is

not yet clear but gyrokinetic simulations suggest zonal flow enhancement as a cause.

This is still to be confirmed in the experiment.

LLE,

AHBEE THEAKREFERRTY 7 A~ OmtEa b K DA, RO =V ORR D

BHNTWDE) IZX LT, MO TELSFHMT A0 94, @< iHiT 52354, sHliid 5
MN24ThH-oT,

(4)

BRIRT 7 X~ ORE R RBARIZINNT T2 F TR OB O RE LA/ O TV D H3,
CE=HFHIFE L)

Does the LHD project obtain prospects for development of academic research
toward a comprehensive understanding of toroidal plasmas? (From the third mid-

term plan)

@ [HD COEBRLHH - Ial— gy EOMMHIRIFERICELY ., BRI XA~ Did
BRI T TR BE O BB LGS b S EnD (1 34),

THETOKRFEERIZEIT D EOERTET Tle < LHD TO KR FERS R 4 f ik
LooH v, HLADHIREEIZI T 2 FMAEDRCE =RV F —hF D55 N
EBRIRT T A~ OB F G T AWENED SN o0H 0 | A% OREMA KNI
M CTE b, ARII NI~V HEELEOHERR ENDEDRRZEHEY ©o, K0 Wk
RETVa R TN A D THRL U,

NI~ T DT 4 2T T a rRETRNF R BEER G — R &L 7K
JEIIE MHD & — R3S CTHs 0 | = O R O BRR ., 22 eI B3 DA JE R A
TW5, SHOERNIIFFEND,

[FNLARD R 2 R EAT B & 9 R EREREIEOLN D EEEAT, BILT—4 %
ERTAZ LIk, FNEDIREOEFREH ST HZ ENEEND,

AR R 2 b—a VTR REEN LI ERFE A SN TN D S IEE £
P[RR RO AR IS OV T E 2R DR 2 I L7,

INER - GHABERR DR 2 D FeFE L & b, Sk, miREEROIR, FRIMAEZIROE
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EHRREE, NS ORE, @=L X —hi & MHD 28 O AEH, 77 X
~ « BEFHEAEM 72 BI2B W T, RO RN S5,

SEBEHIBEIROSENMEZND & LB, Him - 2 b—T g & O - BEE
NI —ERkdbhd,

One recommendation would be to add more comprehensive physics programs to
improve the performance of Stellarator so that the results can be used for the
future Stellarator based fusion reactor. Successful results will contribute to the
understanding of toroidal plasmas and will also help to formulate the next
proposal as well.

o ~UNNEBRIZBTD NI TFTLDOAL X NIICET LT —Z RS - RIETX 5
EoiheorcZ &id, m<FHMETE D (44),

THIICIFEZERGPRR R EOT T b RELE LTO M F U LRFIZOND
T, BRLMZEOEIDBRD HILEL D,

INGOT—EN N~ 7 35E L g LT, EO XD ITEITCRE R A FGE L T
T B0, AkOERICHGT S,

LID NDA X b OFHliZ G, N U F U LOLEENO 23 2 5813
IRV ZATH D,

HPEF RIS K DB ES B Y F 0 DR AR EOXHS N ME L e D708 FEERO A
HEIC—HHIFNE L2585 90, —HOWET —~IT DWW TR 2 T
TEHEZ D LENET T, — BT — 2P BOoNTEZORET, a3l a=
TAWNTT =y 77 FLEa—%&1T ) B binivany, mvErJE o]
FRENDIRDL T TH AIREZRMIIE &2 Zh=RAYICTR® . BB 2 i 2 #in 7 2 W21 &
59

® The LHD project has impressive breadth, addressing most of the issues in toroidal
plasma physics that can be studied without realizing a burning plasma. Many of the
issues that fall out of the scope of the LHD facility are addressed in collaboration
with universities.
The principal thrust of LHD research is the isotope effect in the scaling of plasma
confinement. This is an important topic with fundamental resonance, but it should
not be allowed to overshadow the many other fundamental phenomena being
elucidated at NIFS, such as the interactions between energetic particles (EP) and
MHD modes (of critical importance to any fusion concept as well as to many issues
in space and astrophysics). The installation of the neutron diagnostic as well as the
increased ion temperature provides new capabilities for EP studies. The change from
H to D also offers significant opportunities for progress in the understanding of the

divertor/Scrape-off layer (SOL) region due to the increased carbon impurity
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produced through sputtering by deuterium.
Perhaps the most exciting new research thrust, however, is the investigation into
the connection between neoclassical and turbulent transport. Although the
possibility of this connection has been contemplated before, I am not aware of any
organized effort to clarify this connection despite growing evidence of its importance
not only for heliotrons, but in all long-pulse fusion schemes. In particular, the
neoclassical-turbulent transport connection is likely to be key in such processes as
ELM-stabilization by RMP in tokamaks, internal transport barrier formation, etc.
The tools and expertise developed through the NSRP project will be key to the
success of this investigation, and in this respect NIFS is exceptionally well
positioned to complete it successfully.

® The fist results showed isotopic effect and higher Ti were achieved which is within
the prediction.

® Clearly yes. In addition to what is written under point (3), the first investigations
on fast particle confinement (via tritium burnup) and the drive of instabilities by
fast particles are very interesting and academically valuable. With that LHD
contributes significantly to the general understanding of toroidal plasma

confinement.

LIk, FHlE A [BRR 7T X~ O G R R BMRIZ 18 72 22 BFFE O BB 0O Rl L 235 b
TWD2] I LT, MO THLSFHET 22854, m<FHET22731 14 ThHo7z,

(5) EARREROWILFEINCHE- T, EAK, B, FHA. BOEEHER ELERERO
BEEDED TN D,
Is preparation of necessary devices and facilities for the main device, heating
systems, diagnostics, and others advanced appropriately according to the research

plan of the deuterium experiments?

® HKRFEBROMIEFEINIE > T, EAMK, B FHIU, JHIOERR 2R & B D
BENED N TND (1 24),

FKR EBRIC T 7B R L3 LT, BEZ2 MR, T A7 - EffKESL v B
ANGHEEE . PEREEE, BHVKBHE S AT A, 77 A~ INEERE | GHIMS SR il B2 3
s THY, E<FHET 22 LN TED,

PR N—T7 L O LY | 7T A=t 2 — RN ERMAT IR RIS ST
Wb AL E <M S D,
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PHA U 0V 5 A 78— & OFRIERONBI, ECH D I B ER R 2 R HEAY IS HED TV D,
FRIZNBLIFE AR TS E O R R R B HT2d, BMBANT &L LTARRT 25672
EDRIESABRUETH S D, o, EARFFBRI - TH L <EALFHUBES b
bV | FHIHPPETFE =2 — I XEKFRFEBRICA T RARFHITH D | BIE S & O W
D HIVTWD UM 2, FMEFIAEBREE T Clitkx 7o filEE 338 ES 5 wHeE
ERHY, 72A N =7 TOEMEZAHSFEML THRLYY,

FlLnrAm barOEANED LTV, RS FERTOT T X~ AN
AIREDNE D D E BRI 2372 STV D), BHARBRFER TOEAN— X FEIZHIRE
ERAR

H/DEL DFER 72 FHAISO L/ & A S — Z ERIC 1T 2 FHAl O 58 kL, A% O RIGLIARZI R
OFFEBIZANT CORERY R — K ERDHDT, 5HOT — X RHT OBERIZRK VI
CERAE

Atk ICREMBEEOIHIC LY . K OAERRA A MBS, 77 X~ PaEm

RICET L2 2T 5,

RSN N FULO—EPEZERRTIRE L TR Y | 5% IIRERECK R ¥
ANED NI FOLGMOMPESL, NI FULHRA =X LORER LI L 72D
Th 9, ZOHOIZIE, REFBRIO 7= O OUIEEE, Rimfak - #EEO S, K
UF U LAER EDVIEL 72 D05, B, XERLE 7ot iEE O MRS SR E S 1
TV BEBEDBFRELOFF HIAAITHKIL LT eV B RS XHER 2 ET D 2EE D 720
728 W ODRE IR m DN D, A NVEEOBIFIRY A7 2@ EH L2,
BhRANZ T 2 HE D D AKHI 2B T 2 BE DR D D,

FTE O 6E 21345 (D TE T 51 OFHE) ThoA, @il FHE
HEN 72 STV, ECHRIEA A UNBLZSEN o 720y, AL 4 U NBIIKFEHIC
AL ST b DA RS CHEARICEHHA S ETE Y YR, REtRsiba o
IZHER L T o T D, BA A UNBUILHDFEBRD — DD & 72 > TE DT, BYLo T
HOR - BN e SN o T2 2 SIS, HYEFEHAIZR & D> 2T A3 F
FELLZ LD, REHTBEYOHR LT, (14)
The necessary devices and facilities are available according to research plans. In
particular, all heating systems have been upgraded for Deuterium operation,
specifically the electron and ion cyclotron heating systems (ECH and ICH) as well
as the Neutral Beam Injection (NBI) system (Note that the ICH antennae were
tentatively removed but will be reinstalled for the next, 2019 campaign). Other
new systems necessary for Deuterium operation have been installed including a
neutron diagnostic system, an integrated radiation monitoring system, an exhaust
detritiation system and an access-controlled legal radiation control area. The

neutron diagnostic system will support the energetic particle studies on LHD: this
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is a topical area of continuing strength at NIFS. Two types of exhaust detritiation
systems were installed: a molecular sieve for exhausted gas in the vacuum
pumping and a Polyimide membrane for purged gas during maintenance
operations. During initial operations, the Tritium recovery rate was a remarkable
99.8%.

Diagnostics are excellent. Heating power could be increased further in future

A number of new diagnostics was installed, which further extends the
experimental capabilities of LHD. The divertor is now closed and partially
equipped with high performance cryo pumps. This has proven to have a positive
effect on divertor operation, notably the neutral pressure in the divertor room. In
deuterium, the negative ion neutral beam injectors (NBI) have lost performance
by 50% due to the increased heat loads on the grids, whereas the positive ion NBI
has increased by 30%. All together, the NBI power of LHD remains about the same.
The electron cyclotron resonance heating was slightly extended and the ion
cyclotron resonance heating is planned to be re-installed in the near future. In
summary, the diagnostics and heating systems are fully appropriate for the

scientific goals of LHD with more to come.

Pl FHEIEE TEAKZBEBROFIEGHENINE > T, HEEAM, MEL, FHEl, JE0E 70
C B ER DEFENED L TWAD D I LT, WD TELSFHMET 220894, &<
P08 44, FHET A8 34 ThoTo,

(6) LD 7r ¥ =2 FOREREZEE X T, BRAFERICAT 5 BOHRRREZHRET L
TUWB D,
Will the LHD project consider further research development towards the

realization of a fusion reactor based on the achievements of the LHD project?

® LHDTORWERED T T, ~ U B /VBIEZRENE IR I T 7 Sk f T 078 i 28RN s S 4
THY ., 7TEFRG & UCFFHR-d172 EOREBHED H1 TV 5, S F RS,
LHDDA 1 ORFFE R 2 M5t L T2 sldaMlic& 5 (74),

FARRERTHONZEMEE Y 7 A~ EEH LT, 77 A~OMLIADRHE, 77
A~ DAL EMRCR T RNV —RL 7 OIR 5\ 72 BT 2 AN 72 iF 98 2 HEE L
FFk D~V A NBEEEIE OF%FE « BUEICKLE YT — X RX— 2D E D D
Tl Fe mBEMERE T COXA N—ZEDT T X2t B 7R B IS
BT B KRBRNAKOHNE 2 F MBI T 20758 2 BRI HED | FEROBEAEF 31
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L KB RIRLAI SR § 2 BRAR Z IR L, Bl Er REI LR TR 7 — 2
—ADEFERMZHD LD B HATEHE T E 5,

HKFEROBIAICHEN, FIREROBHENG O, BME T T X< /3T A —
o — Z B ARV GE SRR & | Z Ui T D BUMERH R IR M T TR 0 | FRIC,
RREMACEIZFE Y RI TV YA 7 U 7R PWL BF9E7 & OMFFEFHEI MRS - F2BR1NE
fi S, WFEOEREN A S5,

LHD TO@WERRD T T, A~ Y A VBRI A HE (181 7 Sk AT <0 5 W F2 R 03 Fft
ENTEY, TEFXEE L TFFIR-dI72 EORFRED TV D, GBS
LHEKRFEMIEOERZEZD, L0 BEEMEDH 2 IFeR GO HEE & BB F FHOWFIE
HEREIR ) L TRRL VY,

BRI R R 2 i U C, PRSI &7, @ E i 280 72 6012 LHD FEERD
i« LN R T REEE 2 LMk LT, HEZED L Z LR END,

PWT D4y BFIZI61T 2 BEHESQ DO BGMEIIT, B A IR EIUT & - CIRH I EE s
Lo TBY  ABIHD 7Yr Y=y FaflEd 2HERETF = a0, KW
ICHIFFTE %,

EREF O FEBICMT T BERIMAR N ORI TS, 5%, HF L FORMR
b O AR 2 BRI SR L TWLS RER B D,

The current D-D experimental plan on LHD is certainly the right step toward
the fusion reactor development. Certainly there is a gap between the current LHD
plan and a fusion reactor based on Stellarator and it is important to lay out the
deficiencies and develop a plan to include the subject that can be resolved in the
current LHD experimental plan. An example can be search of new operating
regime for improved performance with minimum instabilities. Also new heat
exhaust method via divertor will be another issue to be resolved for the fusion
device based on Stelarator. The current LHD project is on the right track for this

direction.

LHDO#H 7= 72 B & LTk, all Tungsten wall{bZ¥EHAOICHED B HAMERB WO T
TV E B HAILD, FRZ, LIDTIFERH L~ COEFEIN AR TH D D T,
ZOXHRBERFITOX v 7 AT VEEOMIEIX, b~ 7 THREHEERRETH
V. BEEFRECOT 7 a 7T U R 2 EEREE S L TLHBMLEM T Hh
% (14),

AEEHOT LB TRENTZOF, ~U A ha BT )0 C ORI E O 81 Z%
& B & B EE N Y V7 T AEMOMEN S B EETHL EVS L RO
R R CORFFEOBREEM L EOMERIZBIT 2~ DIVEEOEMMETH T,

Frio, BRI M OR-258), BE—7 7 A~ MAERORRIZ, ~U B ABIREEA I O 7
o, M= 7 RFRFCHEBERHEETH Y SBROMREBADIFREIND (14),
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FiTHEGR O PRI SN DR T CIAD DR IRV Y A F v Ok L B# L T b
T LITBURR Y, RE R & 0L 5% LS Y M OE e R 5, A%
WHFERBA & LT, High Ti/High Te& 9 BAE~OXISHKZ L B L THR LY, &
PEREE AL % BTG L B AMED L WA R OMZEREZ WM T5 (14),
ZAVE CLHDWFZE T b 7o AL & KR EROFER A S 5 2 & T ~ VU WV
R IF &2 AR X TeREt D e E o 72 LB L TV 5, BUIK T & 57 28U ) 724
FERBAZINE T RETHD (14),

AFHBIEE TH D L7 Y= 2 FOMREHE 2 T, A EBIZmT -4% D
WFFEIEBH | I DWW T, mm kX =R CIAORHE, 77 A~ BEF BAERICIIT 5K
FENAAIE., b U F 7 LN ZORBEICHOWT, 5% OMERBEAMB S TS, —
05 G (8 & 7 dy LK OVELVR RS O RIBEIE, BEICBOK R CREME STV DI
DRETHY . RSP EIIMIT 24 %ROMIERM] & LTS8 T L o LidsE
27\, Te LA, BEARFEEROESZIED LToEtise (5] 21X, BEHEA b & b1
EORRE7: ) 12O\ T, XY EAMICHREFTTRETIIRNWEA I (14),

8 TRV — R OZEENREE, PWINFZE7: i« OFE TITERDS A B D03, G
JFRBUZ AT 7245 % O RER Z G L TV 220> OBLEN LIT0R0MR D 7V
%, 2 H OB TIE, KOG EFEE M A IF ORGHI Wb L5 = —
R OFEBRIMRFER 8 L7 EH k2 BRI TV ey, BEMRRREZT =L L, 5% 0
WFZERBRICIE D LTIV DR TH A I H (144),

The LHD project is primarily focused on the operation and scientific utilization of
the machine itself, and on the interpretation of the observations made on it.
Development towards the realization of a helical fusion reactor is concentrated in
the FERP. The program of the FERP is extensive but its innovation efforts are
directed towards technology: superconducting magnets, blanket and structural
materials. Even in the area of divertors, where plasma physics is important, the
focus seems to be on the condensed-matter side of the problem, such as the W/Cu
alloys or liquid metal showers used to absorb the thermal and particle fluxes. Given
the handicap of the heliotron compared to the tokamak (mainly low power-density)
one might expect NIFS and collaborators to have a more coordinated program of
helical confinement concept innovation. This could be aimed at increasing beta, for
example, or reducing reactor size (and thus cost). One could expect such a program
of concept innovation to propose a next-generation device that would carry forward
the helical fusion program in Japan during ITER operation. Examples of concept
innovation studied elsewhere include the various families of quasi-symmetric
concepts or the single helical axis RFP.

There are still large gaps for helical reactor. Further simulation and large-scale R&D
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are needed.

® LHD allows one to control the helical ripple via the shift of the magnetic axis. This
is an important tool to disentangle neoclassical and turbulent particle and heat
transport, which is a key aspect for fusion plasma confinement. Also fast particle
studies and plasma-wall interaction physics are of great importance. In the latter,
the migration from a carbon to a tungsten divertor is clearly an important way to go
for LHD.

Phk, REEIEE (LY 0 Y=y ORRERE 2T, BRAIFIEBICET 74 %O
TR Z BRI LB (SR LT, M Ci < FRIT 578 1 4, < FRT %725 8 4,
T 575 7 4 o e,

(3 FIAFZE]

[Promotion of collaboration]

(7) BRADORZCHIFEHEE & OBFFEAR v BT — 7 DL - T S i, ~ U W NVEEEEER
FIZBIT HENSD COE & L TOREEZ R L THDH
Does the LHD project play the role of a global COE in the research with helical
devices by constructing and using the research network among domestic and

international universities and research institutes?

® [ENTIEZ, —MIFENFFE, LHDFHEILEMFE, BO5 BRI E A FE5E 4 08 L C TR
X FT =7 PHEEESNTEY . ENDOCEE L TOEE Z R LTS &< aHl S
oH, o, Bk B, A Lo 2 [FEELFEFTEZ M ED | FEERT L —
PR (IEA) A7 7 L— X &SSO T CHEEILFEMIENED b Tl v | [EERRIIZ $ COE
OEFNERIZ LTS LR CE 5, (1 14)
FEINILFEF ARG > TRV | #52 < OILFERFZENED B v, £ O EBFFERT &
L COMREZ +o R LTV D RITRHET 5, EFSILFEMFZE & LHD FEHR 233 1 LHD[E
a7 AEES%EMAT-Y ., BuroFusion~DARR EERTRESHEZTND
RITFHETZ %,
— M ALRIBFSE, LHDEHESL[EIAF TR, BO5 B LRI SR & o 72 2k 7 JE R ST
DREGEE A, HeD TR D ILFBFZES T O TV D Z LIFIEFICEm < FHl S 415,
—fi% « LHDF ] « U5 MR AL R IE 2 A AICIE L ¢, ENOB@E 22 =7
4 DIEMHALZ T 5L L bic, MU F U LR ET72 & CLHDO B KR EBR It
LTHAMBMICIEAL T2 TR < TX 5,
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AU NFVEERFZEIC T D ENOCOEE L TORE Z H - LT\ D ST ¢ &
Do Elo, WS OEEELED LN THY | 4%, EENRFEELRFOZ LT
T VEEEIZBE T 5 [EFEZRCOEE L CTHIR T 5,

TNETICHED TE 2 SFFOILFEMNIE (—Mk, LHDFHE, X HmM) Z@mL T,
ENORT:, FEEERICRIT2T 77 4 €7 4 —DfiR L ERICEML TE /22 &
I <FHMICE D, R, BOFMAIEEAFSE, LHDGEHEEFAFZE Clx, # OFE % i
KRIICHHA L TERY, EHNCOEE L TOEEZ IR LTV D, WAL Dxy b
U—Z7 & Ui, PE, w#EE, CKEE o 2 FERERERG A ED TV D Z & EE < FHm
T&5%, £, BB TRENTWALIDEE 1 7T AREENEL SN THD
DO KIE72 EB IR ZEOHEINIFFET RELOTH 5D, PHE - ffEH - kE L0 2 [EH
FEBE D bR IRCHEE L TV D b E < BT 5,

ZhETH b TE I FERF RO RS A2 G NIER L. LIDIZIS 1 2 RIS
DORFFEZCOEE LCHREL TV D,

—fILEFSE, LHDGH LRSS, A7 A SE R FE O A A 16D LT AR
PR ARERFTE R R U — 7 BRI TR Y, ENOCEE L TOZEEZ R LD
RUTFH S5, F7o, EAREFEBRBMGICHE - T, FHosne & & ICEEILFEFE
DIEMEAL STV 2 SRR 5,

ERlA T TR A BHAOMZEILE ) & LTo®E 2 R L Tn5, KR
ELThH, —MILFENFZE, LHDEFHELFRIBFZE, RO mRILFEAFFRIC 5 L TRF L D
LR IEOFNENEZ E D D DI T 77 A~ - B e 5 B O 7S RS
TR CGEam L, PAEZ B TOEMAEY LIFTna, Y EsTF0al =7
A B ATV, KFOMFEEM O B BEERE OB Z IR L TERE R %W |k
FCWD, EERERE S IR L TR Y BRI 2 ERRIE RO
NTHERE D RIZ LTV D, KEFFEHE DD OfEHE SR | SO FRIFE & LI K
E<EBL TN S,

EINIZ DWW THEREW 72 < COED & EI 2 B 7= L T\ b,

B FNILFFTEE 218 L 7 FERARHI R ST 5, BKRFBRBALA IS,
SMIFFEE DBG-T 5 v AT AV S dL, EERICESMERIBIEE O NEDMEE LTz
ZEiFEm<SFETE D,

ENOERA 2IRDOCOE L L CHRIAWEY A & — 8 D3R & IR 2,

® Wi xry hU—2 LZNICIVAINSNAMERRDO R Db atEw D & & 612, COE
TH DA S DORKFZORREDOFFIIMLERAIRTHD, (54)

ZOHAEZFET 2I2HT> TUT L FaRIEREZGLZENTE R o7, [H
A DREREAAET) 72 COED> & D Iz il 2 12 & 72 > T, LHD O RIBFFED T D4y
B, LHDOD#E R B A E N im KD 53 A, LIDEBRIC S LI NBED3Hr7e &L BIZ
FLZ B TOFERZEFEL T, B &z b ok, ERSE RS OE o8N,
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LA v H =y TRAERDERIA, TAEA-FECHH SLOFREAL, F ST DR
BACD I T oz, FA294F FEAMBRAM R & Tl REEOMMTFEREBI OB ZEE 23 %
F L EERSEEEE. ENPSHEE S HmE SN TERY | iU TR
FIAOFRREE A ke L TR SN TR Y . REOmRICEN D R THHYREIETELEE
Z BAL, A THLEDIZBIE L7235 SC TIERWIZ L TH, COEE 725 TN D Z EMRS T
TWo, ZOZLIFTFHMlish 2 X&E ThH D, 4%, ZOBLR TCOBMAEN O EEM %
ST E—LT LI EREEND,

HARREROBEFIAE 2 DRFENED LD ITHEBR L720iE, Al &b AR 7 L
BrmbiIobbiRinolz, RPIZET HDMAEMEOTEMEL D22, COETH
LERETN O DORFOERDOBEIIMLERARTHDH, £DO LI BRBENRIT
X, RFEDPEMEN 2R — 42 2 &0, HEXORFEREE B EBRE L
LR RO EDH TR ZE T =N T 5720 TR, S AAT 47 %1l
LTefil 2 DR L OEEED TRZ 21k) ZEi# T ~& TH D,

WM B Z 1A 5 & EERFZEIEAT o TV A8, COEE LCTHBEL TWD 0 E H i
R0 0 B IR FE A BB T X 22\, LIDEBE Y 1 7' T A Z B IAKK I I RE
T5Z 2T 5,

E%%HHW@W&LfW«%Wﬁ%ﬁ%hfwéﬁ;é%@%gﬁ%%ﬁzdg

o MBMEZRREDPELH DL 57D T, &EFRICED X 5 7277 [H TEMSDCOE

E L TOERFNEZRITONERREIIR L TILE 9Dy,

B O [EBR AL FAFFE D B 2 X 0 | RSB OBITEE N LR & 7o T~ U IREL
BEAAFIED U — & — & U CHEE - 47 TG, INEE R B8 72 &% 05 1 C O BFJE 2 1
EBEE, IR CEEBIERSCROMINE RS Z L RXNETH D, (34)

W7-X & (XTESPELZp & D FBRBE R AR5 HIATe 72 & U CHIER I3 D B3> T D
sEm < FHIlTE D25, SRIBWT-XOhE - @ E - OKE7ZR EOHSRE 2~ 7% 4F
e N—T7" & OER T E BRI IRT 2T 5 2 L 2 IR D,

EIFR TR L L CORMRICHE R T 2 Z L2/ LT D

B lTHE LZLHDEEE 7 v 77 A& B0 EN L Tﬁ%htﬁ%%g@iﬁ
IZE LT, M—SNIHAE T 50, DPNTEROSEERET XNE TIERW), £
7o, S OIBROFT#H %2R D HLHDEREZHE T OMm & s < FBE L. < O EE D5
ML LG ERETNETHD, (14)

gER >y U —27 Z2IEH LT, B F5EE OEWNA KT - e ~ DO URIE & BRI
D, S%ROBREM L LT 2EFAMOBEREIT O LERDH D, (14)

There two large helical devices that are operational and LHD project is one them.
While the other device is just starting up, long experience in Stellarator research on
LHD warrants to be most productive in long pulse operation of the high beta plasmas.

The leading experience in operation of the LHD will be beneficial for the other
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Stellarator program as well as the next step fusion reactor based on Stellarator. As
presented at the review, LHD project has fully utilized the leverage of domestic as
well international network. Successful execution of the present research plan will
lead the fusion science research in helical devices.

® The LHD project is unquestionably viewed as a COE in the world fusion program:
its results are examined and analyzed worldwide, and they inform the priorities and
strategic directions followed by the principal ITER parties. The NIFS network of
collaborators has little competition, bringing together an astonishing 154
universities and research institutes nationally including four facilities with
international renown (Heliotron-J, Gamma 10, QUEST and GEKKO-XII). It also
has a strong international collaboration program structured according to six
bilateral agreements and three multilateral agreements. A striking illustration of
the vitality of the collaborations is NIFS’ important role in MIT’s youthful HTS
research program and the SPARC project in particular.

® Very good coordination work on LHD have been done, both domestic and
international.

® LHD has a very well developed network of domestic collaborations, notably with
Japanese universities. The international collaboration network is growing, in
particular the collaboration with the German stellarator Wendelstein 7-X and more
recently also with the Chinese fusion program. This all looks very promising and the
LHD management is encouraged to further develop especially the international

relationships.

Pl b, FHMEIEE TEWNS O KRFCHIZERERE & OFTE R » h U — 7 M - IFHA S, ~
U T WRAERBEFZE 12 3517 A EINSAADCOE L L TOEEIZ BT L TWAD ] 123t LT, M
TEL i+ 52334, m<iMi«a21 1 24, FHMliT 52814 TH-oT-,

(8) ITER Z1HE - BATEBY & OEEE, BB ITON TV EH, o, FEFEMERRICEE
LTWah, (EZHPHFHELY)
Does the LHD project promote cooperation with and contribute to ITER/BA?
Further, does the LHD project contribute to the research and development of a

reactor? (From the third mid-term plan)

o PMETFEHIL A A VA 7w bu CUEEHI, T A= g TR, TCRF R,
NBI, [KiE#AR  JT-60SA DB~ 7 f » b ITER ERE e Y > 770 ORGSR HTHIE |
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JT-60SA U % —F 77 AMERR £ 2% < ORI, EEEA21T> Th Y ('L TV 5,
JET DEZERIGNZ A L« XA N3Hr (BA FEFEAFZE) 1T TH < FHi ST b,
T g A= 3 CTEEHC BT D EFZEIE. JT-60SA I35 D ek ny 1 I B
5 LFRFFRIC 5 E ks, Rk 2 9 4R JT-60 LRIFEEHE 2 ZE L, miMisn
TW5, QST DJFANFRRGHA R TF— LB & L TEMAM NG 3ARSILTEHY
RE<EHBLTWS, (114)

ITER FH#] « BA {HEN~DO B BRI 2T 4, MatmoOERIZERENL T\ D,

FERLA RO KRBUEBAEE R BR AL E 275 L C, JT-60SA ORI RE~ 7 % v M
LTC, 77 A~ Ffilssh (BF) aA VA7 —7 0 « 4 v« 2Py b (CIC) ER D Rk
P2 T 4L, FTo, ITER & b 1A ZVEE (TF) 2 A VO EREEG Y 7 /v OREe
B|HARET 2B T Z LiE, m<FHMiTE 5, S 612, ITER/BA GBI DI
NEEE TH D JT60-SA DV Y —F 7 F UREICBWNTH, ERIPFEHR L LTEZLD
BB 2SN THDHZ EiE, mliMicx 5,

ITER FHi#i<> BA G B OMEERBHIE T, A0 O LHD TOMRRZ1EH L COHEER
(TRl C X 5,

ITER FHE[R° BAVEENZ 35 1T 2 BEERBAR ~ O ERRITFHT T & 2,

ITER @ TF ¥ = A > b DBAFESS JT-60SA ~D Sl 72 ¥ %8 UC, ITER FHE - BA i%
B & o, B THhIL TS, DEMO SR OFkEre &L JRANYFIFERRIC b &5 L
Tn5,

ITER #Hil K OF BA TEENIZ F5 1T 2 BEERBAFEORBR « MR D 0B TR STV 2 H I
SNT, —EDFHIETE 5,

ITER <> ITER/BA {EEh T B L SN DHBIRE 2 A BT 23R % . BLA R O
FIZE VIR LTWD Z EITRHME T 5,

ITER FHEIBIEOILFEMFFE L LT, FMAEHAL A A A 7 m b a CBEEHAL
T4 A= g CFUERBATE, ICRF FIRARBAFE . NBI BHIE. MEIL AT AFSER &0
FE[EIRFZENTER IR ST 2 st < i & 5,

ITER 31 « BAVRENZ DWW TIL, A 0NN O BRFE 12 30U T BARAY 7200845 &
UHEED b5,

ITER FHE] « BA ISE)Z 39 5 MBS - BT 7o —F LB TH 5, MIGKRMA IS
BT 2 FRAABRAFE T od@E R & R A . JEAYFPHE I W T TSGR R 0T 7 v v
77 Ao TR~ O — B OB I S D, (94)

KA. SREE N SIXFRYFT 7 S a v 7T iR o T RSN b &7 o> T
THOFLEEEOEFRMFIEORD L L TOXKEZE I @EmaiTo TRy, 5% 8.,
ITER G+ « BA THE) & OVRBUARR R ICHBR L T\ < Z &3 lifF S5,

JFHRURT 7> a 7T o TREBVE IR SERE S IAF S L 5 JRBRNFRFZE B R E H
B L TR, A%, A E LTED XS ICIY filie &), THEEGOEm T
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VN, FOFTEGHZAMEICT D NER D D,

FRUFBIFRICIET =7 7 v a v 7T S SN TV DA B VRS20 454
FEIZOWTC, ED XD BRI EED 5, T REMIHEFICN - 72 BRR O S
WEEND,

JFRYFRFFEBIRIZ BN T H, ~U BV TEFRE 2 EHED DN TV DD, RS
IZOWTIEELERFHETR DOENRH D, T D OFHECEEEI KT LT, A T2
UL TERWEBKI )72 E RHMERE Z A H Y S%ITE D FHEO & 58,
BRI LTERL Y,

ITER FHE & OVBAVEENC R LT, BT 72T ENTE TS EIXEWVEEWA, &
PEREZR BHAME ST P 3R Ly S 2L —Ya v R b A B LEER A B 2 S L
W, TSNS R~ LAY LV TIREEUFBR COERN S 2 HDHDT, 4
BITFBUFEBRIIZ T 727 7 2 a v 7T A - W22 B3 & BRI HEE D B D3
By,

P8 OTE I £ O T RN AN RO FANBRENED X, S~ 7 &~ B Ham
DR E UTRAYFFEIEENIC R & < BN CE 5, ZDOREE T, [RINAEE RO FMRY
PR 24 1% TTER GHHE] - BAJEEI E O X H ITHEE L TED TN ONIZHONT, H )
D LURE LW EE TS LS,

LHD 7*7 X~ 3276 TTER G~ MR 7 Bk 2 Bk L 72 B0 /i (1 203,
WHB 2L T T WEE~DF L2 E) bR ORMN & 5 D TIXZR WD,

HIEROREZFHI 2 BZ (BUERRE) AR WO T, £%I1F, LD ey
=7 FTLIMTARWE ) RERE A2 2{b L TRl 5 2 & 253 2,

® OREEEITS TS LKL DS, [T PR ANE E DHIRb B R, &5 TR

PECLTEC, ERSHERTE TV ARVWDEAD EEbivs, TITER BEEE) O F
EESTHER DS THRWMS LARWA, TEOR— REDIHNPEWTE LKL 5,
DEMO JFIZ DWW TIIFHCHT B2 < L b BMEFOERZEL THFLELTWDH EHEZXD
NHOT, ITER &Rk, AFFERRRDORERICT =T — F&f 27 MMED Z2370UE
BWESIZEL D, (14)

KA DKL G FEFAEE M A F ORGHI AW O N D 5HR = — RO ERAIMRGEE L 8 L
TEHBRZ RSN TV, BRI RMRE T E—n L, AR OBIERERMIZEN L T
WP THA D (144)

Considering many common factors of physics and engineering of the fusion reactor
based on Tokamak and Stellarator, the presented contribution of the LHD project to
the ITER/BA programs will be mutually beneficial. As examples, the first wall
material development is a common issue for both devices. The core plasma
confinement, stability and heat exhaust issues are also common factors. The

presented contribution and collaboration works of LHD project with ITER and BA
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program will be beneficial for the research and development of the future fusion
reactor.

The LHD project conducts several collaborative activities with the ITER/BA, such
as DEMO design, a study of reduced-activation ferritic steel, research on the JET
ILW, an IFMIS/EVEDA collaboration and the low-temperature superconductivity
tests. NIFS also contributes to the management of the BA. In addition it conducts
performance examinations on the ITER-TF coil connection under contract with JA-
DA and performs several additional tasks under contract with the ITER-IO
including tests for the ICH system, work on the negative ion source for the NBI
system, a Cryo-plant process study and the design of the dispersion-interferometer
for ITER. Regarding reactor studies, the FERP has produced a reactor design, the
FFHR, based on an extrapolation of LHD experimental data. Their design shows the
possibility of a fusion gain of 15. The design work led to innovative solutions in the
areas of liquid blankets, structural material, divertors and superconducting
magnets.

Better results have been achieved compared with 2017.

LHD transfers successfully specific know-how to the ITER-IO and the JA-DA, e.g.
in cryogenic technologies, superconductivity and heating systems. There is also
considerable activity in support of the ITER BA notably JT-60 SA and DEMO studies.
All together, the LHD project clearly contributes to fusion reactor development, also

via its own heliotron-based reactor studies (not subject of the present review).

LIk RHBIEE TITERSFE - BATRED & O, BEMTHON TV D0, £7o, FAYFENT

FERARICFHF G L TWDH 0 (S LT, MO Tam<iHid 22344, m<aHlid 228744,
Pl 22 54 Th ol

[AMTERL. HEOBEARE~EIT 7Y ]

[Human Resource Development and Efforts toward Understanding by Societyl

(9) EWStOBEMEZES L, ERRMKICHTERT 2 AMOBRIZERL TW 52,

Does the LHD project contribute to the human resource development of
researchers who are active internationally and lead the domestic and

international fusion research?

LHD 7m =7 @, ERNNTERT D AMPER SN TEY, m<aHid 5 2
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LINTE D, MEMIERFFERT: (RAFR) MR AT R G R 8, EH R
Btd LT, 4 i ERKFERER LR & OBRRER, UM RS KRB A 2 T 220
FUORKFERFEBCH IR AR A 7e R CHRAEHE M TN T D, Fio, FeBl L FFH
MIEEELTH, ZLDORENPLFAZZITANTED, BLFHMITE 5, 6T, A
YRy TEEZ AN TN, T ANBBEL EBICREBMLTRBY . &
<Ptz %, (114)

RIS 213 U B A CHFSE & 6O 7o 185k % FF o C&E O e HEERICE
STETWVWDLRZREEZTD, WHROEMENZELZH 5 HEFAMBRIZFHFE L TV
DEBNIFHE TE D,

AR 78 ETCORZEAENFEBRICFEZRERHZRIZLTWDL X IIC2->TEY (H
WHADOETERE L TOREEZFRT TV D AT CE S, A ¥ —2 vy T D%
A2 0 1 4EEZLUBERIEICIE A TV D, FrBA PO OFEEBIEZ THY | RER
W2 EThob,

AR 2 UIZE S OB FAM B AT > T2 AUTRHIE T E 5,

AR & OB LD | EHFHIEE D AMBERICEERL TV 5,

MMERICBEI L T, MBFER O 5B KE < | £ OWIMNEFA O IR E % OTE R H
ATETCNDLZ &I, ERNCBT2EFERICH RVWEEL 52 TWD EER DN,
MM CE 2, A X = vy TEEZANOHR G, F L LI REIEMLT
BO., FEIET S,

KEGEHE~OEHBITFNNC 2 SN TEBY, AT A Z =¥y T W8
TR M A MO TR IERHME S D, ETo, AT A BEN T 14, WSO K - A
TR EICFTBT 2 RELE > T D,

LHD B DLEE S — MR D KFAIAAET DR TITIEOW O T, HFEE LR FBAED
et 25632 BWERIC - TR Y, AREZOE CES D bO Y X —Lb
OB AEEN, FDRICH L TRWHlEEZ 52 TnWb EEZ D,

RO KZFBEITD & L0, BERANSA v Z = vy TESE TS, F4E
EZITANTZ0T 570 AMEBRIZITRWIZEBRL TV LRO LD,

BHFRA~DNFERA v H— vy 7l L CENIMN BRI F A % 52 0 A,
IMBERIZEBRL T\ 5,

ERRAY 72 JT-60SA OV $—F 7" F DK E, ITER @ ITPAJEE) 722 & EFRS Ot
WO FFE DL IEFHEL TVWD Z EITFHMi S5, 3 014 x5 TAEA-FEC 233k
OEWET, EEOICERT 2 MM OBERICERL TWD Z 2R LTV D,

& LYOIIRFEIZL>TEDEIBRAMELEDS LWEKRT 200 EWEIZTHZ L
MLBETH D, KFEDD OB Z 8 U AM BRI E B A L 2&E & S A
A2 T, FRTHEDICFEDOL I BB MAEITI O EFETILERD D,
Frlo, RETOBMAE N BRBKREEIZ/20 >OHHBE, 2 2=T 4 M OOEE

I

I
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W0 E LT, REOEMEMIEOSIRZEZITI L bEETH D, (94)

MEWNA ORI GIFE 2 25| L, EERAICIERET 2 AM OB ICENZITHEBRL
7o, KO ERMRFEZ ISR 2 S d & L, FRZ, BaHciR T 54
FHITEE TSV TIE, G TORE FHIEE ORI RICEK S & HFIEEIC L
DH. . TAEA X TO REERE, ERSHERAREEER CoBEL L
% & RO TIHRND,
SBIIHPEOMFIEE 21T T < RN A FED ) — 4 &L L TUER
TEHEFAMBERICH L, QST &b /i L, HIZHETI L TE LYY,

HE R PN BRI N EETHLD T, 4% b AOE ) 2 5T 5,

EANMKFOFEE S > ERVIALZ L HHEETH D,

B AL L 72 AR 2Y TTER RRCEINSF DR - WFTEHREESE, L O WO L TIREL TV 500
BEFLTIZE S BB LW O THIIE, £ 90 d KT - WFEHE. BTz
/BrpTh s Ly,

PD ZANIZHONTH, BMWEKRTAMBERL L HXHNLDT, ZOZ LiIZHo0
THEMANCHEE L, COEFZEEN LD 7 r Y =7 MIBWTENZHIMHT T, &
IHE LT > TH B,

AN O AR @ E, REEEZ &GO —RIZAMS N TOWRNZ LI3ERET
%, BIRDEY A2 AHEENES; L REFBORME 0B OMESEAF S AT 4
ELTRADITDZEDMETHDLEBEZIOLND, EHIT, HEMIZHIEET DA
MOBRUTIT. WHMITTEE & DARPBMBBEARR R TH S, COE NP a s aiEH L
PN DR OIRIE 72 & DA DEEENRLETH D,

COE & L THAAHHIIZBIE R I IIT 5 2 H M ORFBEE T O KR CE g HE 7
077 LADOERGNELIND, 5. BEROBRE ZHIRF Lzu,

FTENC & 5 EWNSNTONFZETEE) - FFEHRETEENC KLV | BB ) O THFER D i
THY ., EHENRAMERI v a UREREN TN D, 7272, —EROBKOIFTEE
NEICHE=ICN DR THEND T, b 5D LIBIBIIEE R Z L TH RV B
nze, (14)

In a long term science program such as fusion energy development, continuing
human resource development is critical, since the know-hows, technology and
accumulated knowledge base have to be relayed for a long period of time. In this
regard, LHD project demonstrated production of excellent scientists and engineers
who are active on international stage. For the domestic future fusion reactor
research, it is desirable to keep excellent young generation of scientists and
engineers in domestic program.

As a component of NIFS and by virtue of the latter’s close relationship to the

University community, the LHD project is an active contributor to the development
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of the international scientific workforce for fusion research. In particular, it
participates in graduate programs at several universities, in cooperation with high
schools science education programs, and in the organization and operation of several
summer and winter schools. The steady increase in applications and participation
in the schools by foreign students bears vivid testimony to its success. The success
of NIFS in the area of human resource development is also demonstrated by the
several alumni who have ascended to positions of leadership in the international
fusion program.

® NIFS and LHD play very good role for training young domestic and international
Scientists.

® Especially via the SOKENDAI scheme, LHD has a strong impact on human resource
development. This is not only evident by figures (both domestic and international)
but also by successful career path of former long-term guest scientists from abroad.

The answer is yes.

LB, FHmEE TERNAOERIG I Z RS L, EEEIC HIEHET 2 A O BRI ' #
LTWaD) 12 LT, BOTELSFHMITo20344., S<iHMiT562894., FHMhd 508 3
L ThHoT,

(10) B L DE#HEZR D & & bz, EARFERICT 5 HUREROBEMEZIRD, A<
OB E/DBRLBZIT > TN DB D
Does the LHD project cooperate with local governments and engage in deepening
the understanding of the deuterium experiments by local residents? Does the
project also contribute to achieving a broad social understanding of fusion

research?

o Mt =ili KOG R R_RA~DOEWH S, BIBERSEFRRE L RSB A&
PEMHZES, A7 — =0 BIEE L E DTN A RE TR 2 -G Bt
AT K FEFER LM EE S & &l Ui, Lilidi 77 A~ Z a5 & o[
WFIE. BIRIR & ORIRERE S AT LOREN, HBoEEEE OFRE 2 S22, <o /15
Dk % 72158, ik s AdL, BREBE ~OFERR, TTRHAAS2E, BIK L 0l
SO RO BRIEHE IS O TV D Z Eikm R s s, (1 24)

F—TF ¥ XA Fusion” = A ¥ | JR#EEOWeb s &3l U CIAHIEBI 21T > T
WAMITEHECTE 5, F7-, Hull(ERIZH L CEAKFEEROZSMECRBREE 2 & T
EICHHEIT > TV D,
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HKRRFERZ FEMT 572012, #ooAIRER LS LT, 2 < Ol RGHE N FE i =
o, HOTE AT 2 OBERS DN RRIIRET RE LD LB 2D,

FKRBEROBR 2155 72D OHITT~DL R EIERm < FHE T %,

FKFEEREZET 5 ETOMTESME LT, #ior BRIz 5 R DiEE < FH
T& 5%,

JRHREE, Web, FLHARZEIC L - T, HUISEROIMERD DI A, 5L FER
DR A1 DD fA%E FHE L T D,

ZHIVE CICEAZBERICANT THOLOERA~OIRIZE D TE 22 &3, FEFITH
<FHMECE 2,

TR T 27 E T T > TV 5D,

F =T XX L RRAIR EOFEA DA RN IS ERICAR L AR 0REE 55
M0 A EAT> TV D AIEE S FHi S5, Mot BIGH & O EICES < A F
PR L ERERE B R TOFERL, Likhi 77 A~FB R L O3 RN
(2 b R B A TV D,

F =T X XA E | M A KRFICT DO MEAEITo TS &S,

HoTHRR L DL Lo L TnDd

FERRAYIC TG 2 ABT 5 & & BT, TR SOE KR ER L 2 Z B & 2 Bif
LT, @R NNRRI TS LT 5,

NEHEES ) DSFRE S, RS LRS B O IR I1i8b & A 7 7 —7 Ll % I
0RO IRAIEERN BT O TS Z L iTEm<FHMi T2 2 &R TE 5, (44)

SSHEL % & & ik AR 7 A W OGRS L7 2 TR 1252 1 A, BEAIFE~0
BB 2R LTV 5 b Ml 5,

%L DRAFHEZITANTEY, BREEEHFEM L T\ 5D

%wib\z<¥&®ﬁb_Mﬂé%@%m\mw:%%_%#éﬁéﬁﬁe%ﬁ
ZDBNERETTEY, 2RO MAAIIRVIZEHETE 5,

HISCIZIRET 2 Z & 72 <, BEARFEEROBEMEIZONTEY AL — b0 b B &
XFE/BONDZ L LEETHD, (54)

7 U R —FIEERCRCHICIC R - TV D DT, A%, LV IEIL < A % — ik
RN O L RGO ND KO RO F ML INT D Z L 2R 2,

FIZHERWT T U —FEHZED T TH By,

SRBITHIBIZIR S 3, LV A AT ROESR S fERBEICOWTAHREIT> T
L,

R 3 04 3 AT, RGP HINZBES TIY £ &b [BRe =R ¥—
BEFE DHERELZ [A)1T 72 A DB » FEIEIZOWT] Tt 7 b U —FiEB o E N
B ESNTW5D, BEEAN I E TIT-> TR REE 2 X— &2, QST, K&
HEELTT 7 N —F~y R — X —%Z%E L, ERMEMNEE L CYEE%
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JEH 2 ENEEND,

® HKRFERIZOVTOLHHRBIEE 217> T\ o & 53, KREDOFERTOHMEIC
IEEREE DN 022 DT, I B DO HRAZTE L TR 2 ENREE A H, FrEICER
DAFFELISN O v — R FEAT 5 2 LT 205 BB U R - #O7 IR AIRE & =5
BaaRITTHEHW, [HEEEWDbETHEET LI LB LTHA S, BUEDN—R &
FFT D OIXRZENS LRV, TEE Ok 2 HIFF L7zvy, (148)

® As a part of the D-D experimental preparation, LHD project has had a close
interaction with the local government and resident to inseminate the purpose,
benefits and safety of the D-D experiment on LHD. In the course of interaction, LHD
project successfully shared the knowledge of nuclear fusion, benefits of the research
and most importantly, the safety of D-D experiment.

® The LHD project interacts and cooperates with local governments principally
through two parallel paths. First, it reports to a government-established safety
surveillance commission that represents the local populations. Second, it interacts
with a Toki city plasma research committee that helps to coordinate information
flow to the citizenry through lectures and measurement of radioactivity at 18
locations in the area.
The LHD project has a vigorous program of public relations consisting of NIF'S tours,
an annual open campus event, and participation in a fusion fest in Tokyo. It also has
a mature program of public communications mediated by educational contributions
(in partnership with schools and high schools), and public forums in the townships
surrounding NIFS (Toki, Tajimi, Mizunami). The Institute has assembled a portfolio
of publications about NIFS, Fusion, LHD, deuterium experiments and safety, that it
distributes to local residents and visitors.
In summary, the project does an excellent job of cooperation with local governments.

® Very good public relation with local governments and citizen.

® The LHD project is making big efforts in public outreach and information
dissemination. Also, the cooperation with the local authorities, in particular with

regard to radiation protection, seems to be intense and professional.

Uik, FHiEE THREE OS2 & &b, BEARFEERICRT 2 Hl(E R o B
RO, N A OBREE G D BHRA ZIT o TV D) 1ZRF LT, Himed T < FEli 95 23
104, m<iHiiTo0864THoT,
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FI3E FAHEDFLHEREET

H2 IR LT ERKOINTRHEZ B S TOfMmm A &I, sHMhi0ES L E LD, 5%D
LHD FHE 7w & = 7 b OHEEIZBI T 212 5 25tk 3 5,

[1] FHEDF EH

[ AR - EHERIL]

[Implementation system and the state of implementation]

(1) ERAOMFEEZRY £ LD TEKRRERE ERT 2 EHPIBREIN TN,
CE=HFHIFE L)
Is the implementation system built to achieve deuterium experiments with
coordinating domestic and international researchers?
(From the third mid-term plan)

LHD EBREFHZ NS, 450 FEA LT IL—TNRE S, ERNORZEOTEE
ZFEBRICANT AR 28 LT\ D, JEROIERRICSIH L7 i & & b1, 8
7212 LHD HEE 7w 7T AZE R AL, fEOREE & o EERAY 7@ T 7E O HEHE
IS AFU T2 R AR 25 L T2 5803 & <l T & 5, FRIC, LHD HEE 7 v 7
T LAEZEEOFKBITE Y EAN G OLFRFEE SN L Tk v | LHD AFFE D EEERY
RIVEBABRMAMEL TS Z &%, m<FiT 22N TED, v F A LR
H A OfFZEL AR — 2 ERGEL 372 Web BENED HLILTE Y . BANILZHFZER
FIOREIMTOR TV DR LM TE 5,

—J5, Atk ENERFERE L LD [EHEE Y 1 7T ARBEROFERIRRE L AT
Zitimd DY ORE, WNTIELFBFZERIR Z I £ & D 25O ENP LI L Bib
o,

(2) BEAREROBRICHTZY | BREHEL - RIEFTORBOMRPBENC RSN D
L e bz, BREHREBNEHERYBILIN TS, (EZHPHFHEL )
Is preparations of safety management equipment and of facilities and their
countermeasures done appropriately for starting the deuterium experiments? Was
the safety management system built as planned?
(From the third mid-term plan)
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HKFERBR A BIAT D 72 oD O MEfi B P I KR FEBRHEEAI 2325 B, KAk
%L“%&L%Wﬁﬁﬁﬁﬁv E Y AT AOBEEED 570 L BEIZEBRT

EAHED D IR 2D | TEl ) E/KRE FERR A B, #H T = 7 mEm < A
T2, o, BURERERESE LTH, P REREHO DO 7 Z
v I A= S — PSR AT A BEHET I A TREASN, 2D
OFHARERR S EYNGERN STV, Fo, BAELE N F U7 A0S Bk 21T
OINTNDZ LA <SFMTE 5, BRI, MU F U ABREEEICBIT HBRERNY
WIRGHED 9 5% &R, 99. 8%EEMLIEZ LITFEIMET L, EHIT, H
TC AR &Rt LI HhEE - REICE S E | KA R F e 2EHE B A%
B, WUNCERIN TS Z L@ FHET 2 Z &R TE 5,

LSthb . BERGOEKRTO N F U LG ~ORESCHER BN TOEER
DXL ~OEG) 2 E I E LT, BRMERIZONIT TV E 20,

— 07 A RICE L CL B E OB ISR 2 E R AHEBBE I D, Mk
H7e L AREH AT 2 72DIC b | HATOMERCE o @ BTty 3 e FIH O FLE
LIEEIZATY, SR RERFIEEEZERT L2 L B TH D,

[FIHARBROER & 5RO FERE ]

[Results of initial experiments and future research development]

(3) BEARERTT I AvDEMHRBILAR LN, ZRHMEOEWVERERELA TV
e B=ZHITHIEELY)
Does the LHD project obtain high-performance plasma by the deuterium
experiments and produce excellent research achievements with high academic

value? (From the third mid-term plan)

FARBEROVNCB T LW EETH DA A IRE 10keV DB I N2 Z &
BWETH A 7 a bo BT —T, 10keV DB TFRENG LN Z & 136 < 21
TE D, [FNAR O BRI ON T BRI ARG LN TR Y | FEERERIC
K5 EH AR - ERR OB L0 BEENEA TV D, KR T T AR AL
TR, v A B EEBZRNS I 2 L—3 3 VA AWEERIIEIC L EAE
FERBRARIZ N > TP RSN T2 2 &1, FIRMIC B TRV TH 0 | [EFE
FIC b @ <Al S D, £z, B FBRBEERRICL Y, LD 2B HEmT R F—
KL DO CiIAD DRI 4L, [RFED N~ 7 3@ L [FIEOM CiADFMEZ R LT
ZEIFEHBTE 5,

— 5T, RN R EZE D FERMBARRSLERE T RE AL RIS TS
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(4)

D, A BAEANCHTZE A ED . SOBRM G ON D Z L2 IR D, o, KT
BAfE ) M2 HEET 572DI21E. B OFEE LD BRBO LD 2 L BRLER
AIRTHY | 5782 B TRHMAEO SO EREEIC R 2 AR L, T OMEZR 5 Z &2
WETH D,

BRIRT 7 X~ OREHRBRIZIANT T2 2RO R DB L AFE LN TV D0,
CE=HFHIFE L)

Does the LHD project obtain prospects for development of academic research

toward a comprehensive understanding of toroidal plasmas?

(From the third mid-term plan)

D/H HFHRIFHED @ A7 & OFHIIR O & B E KRB A RS CHRET L Em—
RNF—A F L ORI E ORI B2 LT, D & HD T T X~ FEEDE
WEZIENCIEA L &L 5 & L TCWAIIEO FattiIz sy ch v, m<<iHMicE 5, M
CiADFFEIZ KT DRI RO/ = kL X —hi - & MHD E— FOMA/EM 72 £
DN, LHD TOEREHEG - V22 b—3 3 & OMMNRZERICE Y, BIRT T
A~ ORE BRI AT - ZRBEO RiB LS o E iRt s b, NI F T LD
A N_X P VICEL TR, 720G - BRETE 2 X122 o722 L 2vE <Al ¢
ERAR

[FNLARZN RAZ DN TIE, E DR Z GRS 5720 OFBRFERIIH/ O TV D LI
SAT. BT —HE2EMETHZLICE 0, FRROEFEHOMCT 5 Z &N
LENnDd, it I 2L —a UCERMREIEN L CERGEZH S Z LT, [H
PR DOFARHIERARIZ OV T 72 HIREE A HIRE L 72\, M -A I K 2 it ERe
MU F U LFEA e EORISPMEE L 72 5 12D FEERO BB EHRNE T D55
oA I, FHEFRAERDOHIRE ALK T TH AIRRZRAFE 2 2 RAIRD R
TOHAL T DNEN DA S, THN2E, B V12l —Yar ol
MERANRABELEDL DD LHMEICT S Z ERkD N D,

(5) EARREROMFEFENZE > T, TEAK, IE FHAL EOBEGGR LB SR

BIEENED LTV DD,
Is preparation of necessary devices and facilities for the main device, heating
systems, diagnostics, and others advanced appropriately according to the research

plan of the deuterium experiments?
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FKRFEFEBRIC T 7B 120 LT, BZENEER. W AT - BERKESL Y B
ASHEEE, XA N—2 P, MEAKIHG S X7 A 7T A~ INEGERE, FHIEEE
B9 2 AT = — RSN S TR Y WM& 5, £7-, H/DELOFEM 72
FHAIRCJERL /& A =2 EIC I 1T D EHl 0 kL, 41 O RINARZD RO mIT T
HERYR— L RDDOT, 5%OT —Z I OERIZKRVICTHIFRFT 5, PRI
MHDHTAFD N Y F 7 NRENE=X—TEXHRHI1L, ZEEOHREITMLZ, RV
F I LNRT U AEET D ETHLERBRETH Y, SHROWFRE CTORELHIHFTE 5,

HPEF- A BREE T ClIkk 2 eIl 3 fRmES 2 TR &Y | 7 = A L E—T T
DEMZE5%LFEM L TRLY, AL FUNBICE LTk, AFAICKELESNEZD
D% TERRT T CEAZRICHEA S TEBY . KRERMERSLEFEoT@liil o T D
oD, SEOMEM - BN LEEND, o, ERESNT N T U LAO—EHNELER 4
HFIZERH L TR, 5%i%, RERESDIRELZ ANV EDO NV FULGHOREEL, FV
T LR A B = X LBRETE DERGI 2T 5 LEN D D,

(6) LD 7r ¥ =2 FOREREZEE X T, BRAFERICAT 5 BOHRRREZHRET L
TWB D,
Will the LHD project consider further research development towards the

realization of a fusion reactor based on the achievements of the LHD project?

FAKRRBRERTHONIZEMER T 7 A~ E2EH LT, 77 XA~ D TIADFE, 77 X
< DR EMRE T RV X =R DOIRE D TR e EICBE 2 2T 2 Fse 2 #Ed L,
D~V B NABKERE IR OF%EE - BURIC LR Y ELT — X R— AR EZED H 2 L
F72. BEARMBRE F COXA N—ZEDT T X< 5B EWIFECRMEN R I8 5
IKFEFNLAR DR D BB D50 % FEAICHED | FEROKRAF IR 1T 5 K FE[F
PRI ST X DB 2 R L. AR RS L E R TPie T — 2 N— A D%
D LD B AT T X 5,

LHOEARFEREBRCOREEZITY A, IROAT v 7L LT, ~U IV RERMEFO
FEUZ AT 7o mERE I EE D E FMER 2 BHE L ALV, E 72, LHD TOEWEED T T,
T EIFRRFFE LC FRHR-d1 72 EORFIAED TV 5, A% IR X2 EKEFTE
DFEREED, L0 BRI S DRk O HEE & BER R FEO M IEHEEIR I LT
B, Rt AR 2 L <, BRI b b, A EBE O 725012 LHD 5
DAY « PRI R T _REEEZ LML LT 2D 5 Z LN EN D,
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(3 FIAFZE]

[Promotion of collaboration]

(7) BRAORZCMZHER & OBFFER v b U — 27 BEE - TR S, ~ ) I NVEEEER

(8)

RIZBIT HENAD CE & L TORBEZRZL TN,
Does the LHD project play the role of a global COE in the research with helical
devices by constructing and using the research network among domestic and

international universities and research institutes?

ENTIX, —MIEFEMFZE, LHD FHESLEAFIE, A7 MR AL R 5855 22 08 L C 2L [FAF
DTy NT—7 PRERINTEY, EAND COE & LTOHEEHERZLTND LR
<FEHiEnb, F£72, BHAX, B, BH72E0 2 BRI 2 EmAICE D, TEA
AT T L— A HELED T CEBEEFRESED DT Y EEEMIZSH COE D#&HE
ERELTWD LI TE 5, 4%, BISHICERRILFEMZEO R Z BICIK D | £
B ORIENERE 7o o T, NV BAVREBMAERED Y —4—& LT HHTD
ottt E S, R CEBILER R OMM A XS Z L BRLETH D,

—F. EBRAAOFER Yy hT—7 L2 LY A S A FERRE D B2 5 1e %
DD L& BT, RFECBIT DEMAEIEDOIEALD DI, COE Th DAt
MO DORFTORRDREEIFIMLEATRTH D,

ITER 31/H - BATEE) & OEH, ERBTbIL T\ 55, £72, FEAFMAREICEE
LTWah, (EZHPHFHELY)

Does the LHD project promote cooperation with and contribute to ITER/BA?
Further, does the LHD project contribute to the research and development of a

reactor? (From the third mid-term plan)

HPEFRHRL, A A oA 7 m b e SRR T A= a3 G ICRF g
s, NBI, {XIEMERR, JT-60SA O#E{RE~ 71w b, ITER E{REHGEY o 7L D4
HRHUAE, JT-60SA U —F 77 LER 72 &, < OB TELRIAERL T D LFF
T %, £z, QST OFIEFRFATFRRIT— LB & U TERMATN D 340350
LTEY, RE<HEBLTWD,

B, INLORELOEBREFHEICE LD, FEHRBETIEINCLH N ES
Z2HDT, WEXIFT 5, E7-. RIS, TTER i « BATEENI X LT, 4% 138K
S - B 72 7 7 0 — F BT H 5, BEGIERA 130 D IR BR % C oD Hhid
AR FAYFEBRZ T TSGR A DT 7 Va7 A Jll o T FFERR R~
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D—EOEBRPIFF SN D,

[AMTERL. *SOBEARE~EIT 7B Y ]

[Human Resource Development and Efforts toward Understanding by Societyl

(9) EWStOEEMEZES L, ERRMICHTERT 2 AMOBRIZERL TW 572,

(10)

Does the LHD project contribute to the human resource development of
researchers who are active internationally and lead the domestic and

international fusion research?

LHD v = 7 MJEZE LT, BN TIERT 2 AMRER SN TEY ., &m<GE
i 22 LN TE D, BEHFRYELR AR RS B P 28 KPR TR
BOMTONTWD, o, FRBERIFIAMEE L LTH, Z2< DRFNPLFELZIT
ANTEY, G<FHMETEX 5, EOIT, A X —r vy PRES AN TOIL, T
ANBHEL EBICREIHMLTEBY, mFHETE 5,

—% . TENAN ORGSR EZ S L, EREAIERT 2 AMOERK] ([T
Bk L7z, X0 EBEMREREZ ERISGGTHORLETH D, £z, KFEPDLOERSLE
[FIAfF e A 8 Ul A\WMBRRICE B A L BB BB Z 5.2 T, EHT 7201213 E
DX RWYMEAEIT ) ONETETINERDH 5,

HIfR L DEHEZMD & &bz, EARERICNT 2HBAEROHEMZIRD, A< #
OB E/DBRLBZIT > TN DB D

Does the LHD project cooperate with local governments and engage in deepening
the understanding of the deuterium experiments by local residents? Does the
project also contribute to achieving a broad social understanding of fusion

research?

e = R O R R A~ DO EBIR 225 A 2. BRI L FRRE L 7B ml & B E kg
TREHEREE R, A7 = —DHIRERS & OB RS TR 2 2R a R
PR KR ERL M ER SR C A2 U, Lk T A~ fREES
& OILFERFTE, BIGR & OFFRERE Y AT LM E, Mg R O E 2 ST,
Mk W AL, BERHBE ~ o ERk, TR & BARRERE EET 5 ETo
FBIR & OEEE-CHU (RO FMEEIZSE D TV D Z L idm < iHMlis g, £,
[RMEE S D3RR E S, R EERS = O b 2 2 7 7 v—7 L it %
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[2] RE
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ZEREEND,

(2) EAES T A~DERERAZIEE 2 C. LHD 3HE OF 7= 72 BB 09I B Y $HTe~
X ThD, ¥FlZ, LD O KOFEETH D@L T 7 XA~ DEFHER 215> L T, WY
KON T Rl S 288 Lo Rt ONL B &2 EHT D ENH D,

(3) EEEMAF L LT ZAT 2 DAREAE IR TR T U A OE
ZHFT 5, BELE I ICBE LI2OERUE A2 972 & & b, T E TOF T2AME
DR Z & DI G OHEE N EEN S,

(4) ZAXRITE LTI, LHD & 2 27 LN O N U F 7 DFRAF~ORLE S H 225 2R
BT BT EBIC BB LoD, BEORELZLRERETR 2MFF 5 2 &7
RODND, ZDOTZDIT S, HATOHERLM A O S EITHED, HERFIHO JE L%
TV AHERTHRRETIE R L BRH 2L 5 2 LB EEN D,

(5) ITER &t « BA JRENC X3 HHIS A2 B D fA 21T 9 & & bz, JFURFBI R Coodtim
M RYEZ . ARSI T2 SCBE S E DT 7 v a T ] o TR R o~
DEBREAT I LENH S, O T, ITER FHE - BA TEEHNI 9 2 il e OVE R & #E i
IZFE D, BFMBETIENNDH O T, WELHEGT S,

(6) BRAMFNZNE TITo CEXTAHIEE 2 L 0 g SH, 2EZXRITIA L et
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177,

[“FRk 3 O 4R EEAMEBREAMIZ 35 1T % Rl D@l A ]
[k AR« SRt ]
(1) ENIAOZEE 2T £ & D THEAKRFEERE T T D RH PR S TND D,
(B =P BIEtm L v )
(2) EKRFREBROIRICHTZ Y | L2 PR - BRI E OBAHORIS RS BN 72 Sh
D& &I, RGN FHER Y L SN TWD D, (=W HEE L)
(W FEER O & 4 1% OBFSE R ]
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(6) LD 7 m =2 FORREZEE 2 T, BRGEFZBUZ 0T 724 % OWF 8RB Z s
LTWBD D,
ESEE A
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(8) ITER FHE - BAVRE) & O, HEBTHOILTW DD, £z, JRAYFFZEBI I &
HLTWD 0, GE=#h#GEtm L)

-39-



KB, 2 OB~ 7= D $7]
(9) RS OREAHIZE 2 %3] L, BB HIEET 5 A OB I ik LTV 555,
(10) FIEKE OHBER RS L & bic, FRKEERIC K 2 Mk RO BME D, 15 <
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1.1 KEIANUANVEBHBE O YY) BELINETORHL

BEREMEOTAT T THDHI~UA My RIS KA L4 (Large Helical
Device: LHD) %, 19864E D A HE DI B T Diama it CELD DN HE T RPITHB T
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EF AT U KA 755,

LHD® i K ORI, TR rTRe 72 B R E A /L ) DN ERC T D CIRE T
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A E NBI Ofg KE— AT R /X —, Z3LE4 190 keV & 40 keV THY, )\En‘ﬁn*ﬂ@jj
IZZEI BMW & 6MW T, NBI LTI EFF 27TMW [ZEEL  NBI 1Z LHD (2381357
INEEEE TH D,

PR 7B — MIA A IR CTERSNIZ EAL U HLWITAA A ZFrE IR XD
BT RLF—E— AL, FO%., T AmiESE TR MR- DO — A IEHT 5,
3.2.1-2 \TRESNDIINT, AA B — LA R F & — AMTEHT DI O 2= (F 1L
NH) D, EAA L E—LEAAFT B —LETIE E—LAZ L — 40keV (#E/KFETO
fiE, E7KFE TIL 80keV) ZH X - IR CREL A D[3.2.1-1], IEAF Y EZHWZGAIR. 2
DREIER T Mbﬁ#iniz/we HIMZENRKREED T HDIZR LT, A B —
L& WA, ZOMEE TIEm R L X — IS, 60%FE TIRT—ELR D, H
PeAbZh=R13e ~A@;EEZ@ B Chii-d, EKFBAA L E— 2O RMHALZIRIT, EHAKFE
AT DTNV F—DRRIKRFAT L DZNF—OfE (E &) DEZAT, RKFEAA
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= ADFPALBN R L L 72 D, LHD DIEAA R NBI IZAF =R/ — 03Kk HEE
— L AFDORFIZ 40keV THLHD T, HARBLLIZGAIZAS = R/LF —% 80keV ITAE
LCHH ML RIS (L L2, 22T, IEAA 2P NBI TH2DH NB#4, #5 (Z-OW L, H
KRFEBRIZBNT, AN =R —% @=L —{L(NBI#4 [T 40keV 735 60keV, NBI#5
1% 40keV 725 80keV ELT0) T HZETASE )% 6MW 255 OMW IZHE NS EHEHE & LT,
— 7 BAF PR NBIL TR FERFO A =L F— |23V CBEIC DD B S D i
W fE 23 K &L, Z DO RNF — B INS 583 TR A EOINZ D723 b, Z0
7o W R AR B A INE 2B R D | A =R = TEKRFERFICB W TR, B4
BRI RS TOD LT 180keV ELTe, AAF L IRIZOWTIEL, BAA UV ARKIZE
BRNLARZN RAIZ IV R FE — LRI RE O B LR A SN D H33.2.1-2,3], &“ﬁ%\ﬂ
AT W TIE, BAFRAAAT L — LRI T ARER N0 | B RH X
3o TODIEIKFEE — LA RUTKT L TR b L7251 T B — IR D EKFE FE R Z
2HZEELT,

[X] 3.2.1-1 LHD (23175 NBI OF¢E[X]

4 3.2.1-3 1%, ¥KFEL — L AR K O EKFE — L AGFOTEA AP NBI(NBI#4 &
NBI#5) DY — A AGHE J) (R—MN#E ) OEEERL TS, ZOLIIZ, Ik RE— AT
TIVF —% 40keV 75 60keVINBI#4)E 80keVINBI#OIZ51& EIFHTET, R AL E A
ZINEH MW & MW DL EIZHE NS A2 SR LTz, 7235, IEAA VPR NBI Tl A4
ANRT TR~ DB BN R T D — DB DK, EAE DR ARZ R LD
HRoNnnoTz,

TEAZ PR NBI SI3H20 | B NBL Tl BIWED 2% K #Eh 5 ERRICH 2
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AHZET, K 3.2.1-4 ITRENADIANTRD3H>DEE I AE LT, QAL EIREEEN 60
~BOUIR T LT, @QAAA U LEBICHEHENDE FEIRDAAA BT 5E G
1.2 [EREEINL, QAAFVERE IS E57DIE AT 52T AOTEE &1
HINU7z, fESEL T, AAA IR NBL IZED AGHINEVE /)13, EAKFELTHIETIRIE Y
LT, ZNBERBRDBLIZRIT KB RARAATARIZIBIT DR REL T, AR
IZBLS TR, £/, NBl O@EERBILDEE L2 > TWDTod | A% BGET XEHET
D, BIRTIH EFL3 > OBROFE— 172 W EL OB N AR+ TH DT, NBl T ANAHK
> RE LHD-NBI FEHEIZIB W T, BKFE K RNEAKFAAT VIR TA<IZH LT, AAE
B EFEOFHZMGEL T, £ DA =X LOEINZEALA THD, SHIZ, JT-60U TOHE
KB — LA ORI Z 7o BB B 72 bR 6 #t# o NBI 7L —7° ITER-NBI H
i JE R BREN R B K R A A A IR CORRBEERFIT O CWDRAY DRI IAT T 7« T T
~ W B SEET D NBI BAA LRI V—7" e OV ITER H NBI iRt sk ek L T HA XY
7 consorzio REX 7 /—7 LEFEAI/R Ry NI — 7 253528 C, Yz ORI
[T 7 R A 2 T L T D,

Neutralization Efficiency
Energy(D) [keV]

1001_0 | 1|00 | 1000

soi

60 |

40:

20 |

Neutralization Efficiency [%]

10 T ””1'00
Energy (H) [keV]

o

3.2.1-2 FFAZ L E—ABANTAAT L — LB HPER 7B — A ~DZEHZh 2 Fifiil
(FITAKFEAA L E— O3 — il () IXEAKBAA L E—LDOTZ KT —

NBI#1 OBAAARICIE, AAARDE — DI O N S5 A (LT
M) | XFLC R AU AR (B4 T, S LR Tla7ed 2RO Ary MROE L%
B L7 R (BT %A ML RE) 7R TS () e P I - B A DA
DFEWE —LZEE ., (O —har T a= 7 HEM o b2 EHL T\, EAKESE
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BRICEBWTCIL, B —bar T va=r THIB R ORIKE~DOT 72 ARFELLGIRSDZ
&L ERUSHEY T v a= s VIR O ERE 22 B L T, NBI#2 L O3 123 L THZ A
MU R OB A& DT, £970%, NBI#3 126 L T, Bk FEE — 22 EL T AR
v MEMBEMROE A% EARKBEBRPBABINDRIO 2015 FEEIZEHBL, AKEENT
DY — LB | XHUEBREI T CRIF/E — LA R LT, 2016 FEFERND 2017 422 8
ARFETEBESNIC LHD 5 19 E BRI (2056, 2017 4 3 A0H 7 AOMIZEH —
FEIR O E KR EBRZ FhE) OB, 220y MUEEMEMRA T LA %2 VT
NBI#3 DOEHZITV, EEO T ITAFERICE N T, B — 2L EMLZ 5 T BT — L

HEZ RS L., 2018 FEEEL D NBI#2 OBAAA U PRITKIL T Amy MU ERAE A LT,

X 3.2.1-3 IEAAJENBLICBITS, B — LA AL FiEZRKENSEAZICEEL, BT
N LT 2z LA — LA ) DR

X 3.2.1-4 BEH AZIKENDEIKFIYIVEZ DEROAAF B0y, b :0), B
BAA B/ 0 or /1o :0), AAARF OB AREE(O)DRFFZA,
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[3.2.1-1] K. H. Berkner, et al., Nucl. Fusion, 15 (1975) 249
[3.2.1-2] T. Inoue, et al., Rev. Sci. Instrum., 61 (1990) 496
[3.2.1-3] C. Wimmer, et al., ] Appl Phys., 120 (2016) 073301

3.2.2 BFVHArubrr g in#idk & Electron Cyclotron Heating: ECH)

LHD IZBWTT TR~ sk M OV T IMBAD 7= DI VWb ECH 3 E T, 2014 A
FTIZ 5 ROKEBNVvAabar i 272 AT LEL TERSNZ, v A ubar O%RR
JER T 3 AN TTGHz, 2 KRFD 2 {0 154GHz THY . ZNF ISR 2.75T DXk
AR FEI B O 2 (5 i B Lo g, BIFH IIEE IMW BLETHY,
NG 5 ROVyA by KON 2017 FEFTHEIL CVe 82.7GHz DY v Al % H
W, LHD IC AR S INENE )IZAFHT 5.4AMW IZEZEL TV,

I KOT¥ARRAZDE | RHEOEIMEER LN By OB AR T T F 305
Thb, 5 KADODRKENVv At B, TAVETO 5.5-U FER—MNI2 &y
K, 9.5-U EFIAR—NZ 2 Bvh, 2-0 JREHEHAR—MNI 2 B hDT T F AT D05, N
RO EA BT, 5.5-U IR —MZ 2 £y M77GHz, 82.7GHz). 2-0 #RiE HA—MT
4 &y MT7GHz x2, 154GHz x2)D 7 T F 3 AT AA~DUE AT 12, FRIE R — 5D
A EOMBGHR O EEEbIZ, B ESIH O EMLE B B EDmWEF 71k
a2 LR E) (ECCD) N RIREE 72> T2, 2-0 JRIEHA—FD 4 B DT TV AT L%
3.2.2-1 lTR T,

3.2.2-1 2-O JREHAN—FDOH 7272 ECH B AR T T AT A, HiERD 2-OLR,
2-OLL 7> 77 FEBIZ 2-OUR, 2-OUL 7o T AR EINT-,

LHD IZBWTIL, AAA U NBl AFICEDT T H FIF R ARETHHMN[3.2.2-1],

FH—AEROEKRFZBERICBNT, BB -2 LI A1X. A4 PR NBL AFHC
SBT TR EIFDRREETHHZENHIBA LT, ZOJRKEL T, E—2DEKFZIZ
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FOMMH AT - T, LHD BEZERawNZ B FET 5 m =X —EHAKFAF B — LD
TEATHHB IR L2 & . BAA I NBI 2B B RIGARRN BT > T Y w O INENE
TIPS Z LTI R L TWAHEE 2 TS, BAL IR NBHIZEAS T T A<D BT
7pltpotzicd, BAKFEEBRIIITARETH T2 IEE TV A raba L RS R E
(2.75T WfH K Y 1.375T ifF LN DREGTREDIZ 1T 5T T A~ ERRNMEAKFE T F7X~
TIXARFREE /2 >T2, LHD T 1T IEHIZ BT o —2FEER T H T —R@ B Bl
BRI TEY, M~ REEEIZB WO CTRMAARN SRR ERL TD HE—RED g
W9E2ATO ECOAT O N—F E RO FENEE ThHDH, 2T, 1T TfFICBITHE
KETTAX~EBREAREL T H7201T, 2018 EE (21X 54.5GHz DY v A b %
82.7GHz v A u b 28 2 C LHD FEERIZH W D720 DA %217 -7, 2018 F-£ D ECH
AT AORE X 2K 3.2.2-2 | TR”T, 54.5GHz DT v A b L, 730 TS B2
T OV T IANEE THS CHS IZB W TEBRICHWLN T O THSD, 20D 54.5GHz
Ty Aabar OEEARMEREIL ., N H T 450kW, B K UL AR 1 100ms E7R o> TWADY, K
RALE TS LHD \ZBIF5 2 IREHEENNCIDT T RS — T T DI=bITiF v
AMERF 7 LT E R RN BT 2019 FLEE (G 21 A7V ER) LIBEOT- DI/ K H
77:500kW. Fx KL AE : 1s O 56GHz Yy A by fiiEa b,

3.2.2-2 2018 4 LHD %5 20 YA 7V EBRIF 21T 5 ECH 3 AT A ROMENE K, 1E3k 5
@D T71GHz PxAuhuy 3 A, 1564GHz v Auabay 2 KIZHZ . #7712 54.5GHz DY v Aahay
% 82.7GHz ¥ A b 2 2 TR LT,

F72. LHD 7T R~ DB E ML D=2, ECH VAT LD W 725 K& ko Hli
EHEDTND, FHESNTWDH ) IMW BLED 6 KAH DO KE Vv Auha 8 AT
LT, BHAK T T2 at-8EL, LHD @ 9-O #RE R —MIRE LT, i E K
LU TT7GHz & 154GHz DEBLIZH RN TELHRRGETE L, TTGHz DG HE DT T A~ Hils
TOE—2880F 65mm, 154GHz DAL 42mm 722> T, 3 BDIT—blD T v
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T DX %K 3.2.2-3 1T, HH M3 1ZIHEIT7— M2 (TR T — M1 13 AT Eo i
IT7—ThbH, M1 IT7—DOAFEFIKIC LY, 2-0 R—rD 4 ZHEOT T F > 2T LlalkE, g
JENINE & il S ECCD B HEZFF ST AT Al ->TWNA,

X 3.2.2-3 9-0 FREEA—FMNICREINZ ECH BHART T F AT L, IO
23 LHD E 225250, A K&, ARE—2IANTLX AP RO EZEE A
LT LHD [Z AR EIND, ZOREEIRWVKHITRT,

3.2.3 AF vV Ar7ubr 2L E K K H 2 %E & (on Cyclotron Range of Frequency:
ICRF)

LHD ZBIFA5 A4 Araba g E 3 4 (lon Cyclotron Range of Frequency:
ICRF) NENEEE T, AA A7 abha Ja R (25~ 100MHz) O & 8 B i L 7>
A~ DINENEZATHT O DIEE THY L OMAIL, KE S & R AR AESE DRI, &
JER 2R IR0 LHD T RET DR E(RiE 7717’\|EJH(EZ{EZ%%7\ENL?LE)7Z
OIZ LHD DBEZERGFNICRIESNT T T HFTHD,

FEHRERIE, HADTZD IMW LLEDO/7 VA ) K TOY 0.5MW LL_E O TE & 842N rTEZe R
T E IR AR 6 B S R RFERR F] HE CThh D, FHRES DOl R 2 AT L CGEIRRF O %
s kL, BLEIRFOMERT R E 2 ) L5708 | BRITEIZT 57O DO B A2 D TUD,

Rl m 5 BRI, K& ﬁﬁh%ﬁHUDﬂiﬂifﬂﬁﬁﬁﬁ&ﬁ ROEEE SN TVND, Fz, £
{REBIZIE, REIEH MICHFESNIRIEAZ T N B = o A S R
LTWD, IR OREAZ I RS RAT D720 | BRI B E Bt 2 B LB AL TV
%6

BT 7 id, ZRET3EBEDOT 7T &2V, Il K36 AR A L T/, 3.5-
U&L AR —NMZIZhaAZ V5 ez 2 i A72 HAS (HAsu-Seigyo/HAnd Shake shape) 7> 7
F (X 3.2.3-1 (a)). 4.5-U&L AR—MIITRaAF LI AIZ 2 D AT2 FAIT (Field-Aligned
Impedance—Transforming) 7> 77 (X 3.2.3-1 (b)) . 7.5-U&L AR—MIIIARaAH L NI
2 D A7 PA(Poloidal Array) 7o 7 T INERIESIVIZ, &7 > 7 HIXE N E RIS (56
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B2l TR IIEIRIT 1 % 1 1285695, 2018 AEEHIEIL, R TOT T ITEAL T
BHOM, MR IR 5T E THD, 2025, PA 727 F 1%, LHD EBROFIHNLMEHL T
7T T KA B EE AL SBREH T T EITR,

¥ 3.2.3-1 (a) HAS 7> 77 (b) FAIT 7> 7

HAS 7o 7 ik, haA XV TN AT T T ~O & BB I O AR L2 5281
KO B EN DB OB IR DEIL k) 2 BEX DIEBTEDEVIRHIEFF>TND,
FEERIZED. 0, 2 )NAHDOIR: BRI O FELD BNEWIFERNELNTWD, 2D
7T F ORI, T T OAMBINMEL, KENE AR T OB E K OEE
NELIRBHZLTHD, T2 T, %ib+5% FAIT 7o T FLREBRICNEA L B — 2 o A2 25
TR ARIA T BRI O K2 XD T E T D,

X 3.2.3-2 7 T WK

FAIT 77 FId, 7o 7T~y RAMEEEANT > 7 D35E J1 #8797 181 L EAT (Field-
Aligned) LTWAZEE, NE AL v —& o A gz 453 (Impedance—Transforming) L CUY
HZE TR B S, Field-Aligned 1[29W Tl HAS 70T FEIEETH D, X 3.2.3-2
ICNERA B —H L ZEHIR DR Z R L CWD, T T~y RInbEIIv 77 4—R AL
— D OWNERDREEZ HZLIZIVA L —F L 2B A EH L TWS, K 3.2.3-3 1%
HAS 7> 7 & FAIT 7> 7 T OAMRILA I L= DO Th D, HAS 707 F DA ML
(AHEIRAL) FONTA B2 A Bagm A LT- FAIT 77 FOAMR (A H#kE
FHIUM) DR E VAR ESN TV, FAIT 727 T, X 3.2.3-2 D LT/

35



AL —H L AZE g (Ex—vessel Impedance Transformer: EVIT) Z#HA0A A BT RIEEE
TBIEZ T T ABEROHGRIEDI 2% T T 522 FEL TV, X 3.2.3-3 1%, HAS
72T BVIT OFY GRIL) LEEL (AHREHF ) TORAMEBEIEZILELZLOTHD,
EVIT ([ZEVAMPIAED LI TNDIEN 1D, ZIHOMWEIZEY, HAS 777,
FAIT 727 F EbICHEA L E— 2 o ARG R OGN A & — 2 L AIE B8 A P92
ZEERD, TBA L E X AL OE LY ARHEPTOR R, DWW TRINEE
DEERPFFCEH—J7 T, 4:&%57“:»«*%&*& VXRFE D JE I EN S B b L CRR RS AL
Bz BURTIE ICRF 3BT 38.47TMHz (2381 D IEHR DMK S lth: &7 o 7=,

[ 3.2.3-3 HAS L NFAIT 7o T FDFFRX~>-7 7 F Rt T AR ik HT

UL EDOT T F OAMRIIOEE KIC K DR L T ORI A | A28 1 BF W s
DR EAT -T2, X 3.2.3-4 Mk B EREXPNR UL DO Th D, BIREOH 1) HA
B U AHEEEETO 100m L EDRERICB W TR E 2R T2L0THD, Hhk
fE DO ANG Vi, KO V, K MBEEROE LT 2—7 V 2V, A=Vta Vit BV, 125
WCa, BEBETHIECIVA=0 ETHZLNTED, BFRFHITIXAIXOTRIRDTD
BRERORNEEDBBAFTHE Ch D, HE(E 5 TOT AN X, _n':ﬁ%m/vtk_é
ThD,

3.2.3-4 &5 HE R HH R X
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LHD @ ICRF It 1L, EEBROMERIZ E-> CTAUZREICH LT, %@r“ I EEE
ARG RS IR U 2 B C& 7z, EARBERICZAIT T, BIZL2ITERE X
1T TEHIHE mEtED TS,

3.3 BEHIBERS
&Y ABGELEHASOE AR AMR L —H — S O i FHHIE R DWW T, LHDEKSE
FRE TR DIZH D, FHAL AT 22 KIBICAEE T4 kic@dﬁix%éoto FHHE DY
HINHEUE L TE 7z, EARKFEBROBIGIZY =0, P RAEEBEICB W THMALRD
HME 7Ty 7 A=K L, S5 \miz\/vﬂe~*4%%bL&>b}Fn@§fﬁjt AT,
WE VS IAT, ST —T 4 7T 7 AN — a2 8 AL R R TH R E
Ez‘@mb\qﬂri%mﬁu/xTA%:*k{rbto HKFERICBITL2EERFEIRETHS, L
ZRITHRFRNLARZN TN DN, FFICPATIAD - BE R E A~ DR BZ A LN T 5
(2, BRZEYEf L CE 7o mbs B s F A S 2 E L, VI A~ ERA~EH L TE T
b\éo
ARRE J AR E TS E SN GBI TSR U E Th o722 h, F
AT, RIRE K ORI EH T OB 52 5 RICLVFHIG L 72[3.3-1], A iR KT, 1A
RFEORHEZFI AL CTE RS ~O RSB EZITV[3.3-2,3], ZNoDORE R E
Z T A~ R 2 Jifi U7z b CHEKFEFEBRIH 2 7,

[3.3-1] T. Nishitani et al., “Radiation field estimation for the Diagnostic and Control
Components by Monte Carlo Neutronics Calculations with LHD 3-Dimentional
Modeling”, Plasma and Fusion Research 11 (2016) 2405057.

[3.3-2] K. Ogawa et al., “Investigation of irradiation effects on highly integrated leading—
edge electronics components of diagnostics and control systems for LHD deuterium
operation”, Nuclear Fusion 57 (2017) 086012.

[3.3-3] K. Ogawa et al., “Effects of gamma-ray irradiation on electronic and non—electronic
equipment of Large Helical Device”, Plasma Science and Technology 19 (2017)
025601.

3.3.1 BT RLF—RKF3H
3.3.1.1 HEFEHET AT A

LHDE/KFZEEZRICB T2 M 3 AREH, L OE T3 /LX —h 1B UiA O Wy BEAF
ZEDPLRITIANT T, HKFEERAGET DD — D> THLHH M FHE R OB A1 T
Sfc, ZTCIEEENR L7 P E 7RISR N — R = 7 2 I RRIR L, /= v —hr 7P
CIADIFZEDRR G ZHOWTIE, 4.4.3 EH X —R T-BUAD [[ZB W TR T4,

(1) 777 AF=%—(Neutron Flux Monitor:NFM)
PR B — A AR (NBD DM TO A BAT O G 7T X~ R TR AETHH M
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T, EELTE—L-T IR~ SICH KT D Elﬂ‘ri%ﬁiiﬁaﬁﬁ%é HETOFHAGIZ I
T, LHDTIL, 7V 30U —TNBUNEAEZIT S T2 FBEIZ B W TR T 1X10° (n/s) 2l z
DR PE R AN T EIN[3.3.1.1-1], £, LHDc_ LAY OO NBIAN S
THEY, NBIO AF S — AR TR M R AERBAHTHEDVI DI LITMZ, ~UD
U 7V i = R L X — R b B A AR R 2 E A (FTRE . EICE —R)
[3.3.L.1-2lIcfRERSNDHE =R F—h FIIEMHD AN EMEIZ LD | R I8 A 23
BB TRESELTHIEN TREN T, ZNDHETEEIC f“u\&h“\/m///}:m
W S A MR 2 O o+ 7 5y 7 A =2 — (NFM) 22 2L, S uh& (7%
FUE R AT TR 7 = — X2 T, AR L72[3.3.1.1-3~6],

3.3.1.1-1 LHDE/KFFEERICAIT TEELI-P 7 Ty 7 AT =S —

LHDONEMIZL, - mFHEFRBAERKERIZT (varFz3—(FC) ., AiEIEIE
ELN &U\Hiﬂ?ﬁ@’f U IAG AL EAIT L%’Dﬂﬁ B = "B D T AT I AR
TRAEFEHERITIIFCIZH U TR M TR L E W EEZ A 35 BEHUE 8V T He
Lo Hﬁ%imrhm R OT I NAZ B 2 = MDD AT LD 2R CHERK,
SND, ZO2%ME1EY LT, 5132y M LHD~EELZ, FCRDOE B 2=k
IZIE, 7V AE—REXR P LB —REFH LG S T EEZ R L2 81280, FC
RAFHAL TSIV ZFHEERIZIB N TE X 107 (eps) DIRA AT Iy 7L PR EHLLTZ, ZHUZ,
"B/’ He Rz M 5&, 1012 RIEIZEZ X AT I/ L Va AT HVAT LIS T
W5, LHDIZBIFANFMOEEMEX 2K 3.3.1.1-1 (R d, P F3RABOEHIX
FCHRHEDHHH, NEMOFEFHRFEITIIZ S 720, LHDUE AT o131, it =
I — ARG D A GO N L E THT-Z e b, £ B KL D I FRIAFZE I
DWT3RILEL T I aa—RMCNPIZEFPE 735520 35 &6 12[3.3.1.1-7~10],
JUAF v 7 O EHS AR TG A FEATIZ 8 T [AER C?‘Sﬁ’rﬁbfc[?) 3.1.1-11,12],

NEMD B SN, OV ADFHEERENOR T TR AERES LD, PR AER
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DIREEN OEIE R FIRAE VT, 2016411 A IINFMOZ Ok (E 21T o7, L
HDTIE, 198948 A2/ Uy Ay 75 X~ W B 42 it CRRfE S 47U 7= i Pl (E D — 273
2y TSN HE ST HE - TI3.3.1.1-13], 1 H Hh i - I 2 8 Aot 19 | sk i 2 )
FIBEISEHZETITIRO T F A~ V- RA R 5281280 NEFMEOSGEL
FhEL7203.3.1.1-5], TOHEEFEBRIT, LHDEZERINICL — /LA EER L, #8IEHH
PEF IR A 58 LA H A A TS B A2 LI k0 To 72, [K 3.3.1.1-2 1T, EZeZ5 2RI
R SNTc L — L Ok, e OV OGIE EERFFIZ I 1T DHIH O 2777,

ZONFMIZ, EKFBFEBRE VERIZBW T, O TEZEL- THEL ., Tit134E
BEH, LB RLX—h - FACADIF I BV CEBE 2K E R L,

X 3.3.1.1-2 2016411 HIZENEL7-NFMZ OS5 IEDORE1-, (A£X) LHDEZERZRNICEE ST
L—/b . (M) NFMZ O3 F FEER I 2 381 D = O RE 1

(2) M bia s A7 A (Neutron Activation System: NAS)

e A EEEIL, FORIRESIVENEMIZEB W TYTI2S, Rt AR AEEEEICE
T OB RRE U TR T U B S AT I (NAS) 238 AL 72[3.3.1.1-5,14], &L
EREOLAE . WESNAFME 7NV AT EF OB THY, FEIAERORE
AN I DTRNE WY RSB DD, T~ BRI L TR A& THY |, FREuE o
e 77 L = ADHERTIE N FTHE THHZEND, AHEEIIEIINFM O 7 2 AT =
2D THEI T D,

X1 3.3.1.1-3 WML AT 2D H 72V H - EICEE (X)) .  OHPGe -8 K H 25
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A2 8- OR — R 2. 5-LAN—hD2E T HE L, i bz Ed Lo 721
% BB AR RS 2l U CRBIAY L BB HE T 150 MIESE (1) ) bLHD 7S
A2 HEO RS ~LEDIATe, FER T%, B 7B E JIEE (1) ~EEV RS, [F]
FIHAH LI m MBS L~ =0 A (HPGe) S8R HER I JV B IED DO T o~ # 4 Jl
ETAHZET, B EICB AT 7 = RE T 5, ¥ 3.3.1.1-3 (b iE%
BT s BT D55 E . K O HPGe B AR H 88477, 2. 5 MeVH
PEFIZH LT A P LA L QD FE g — 25 L CRfEE A 35
TR LNEDEFEZHWDZEIZLY, 2R BA BUSOFE AT DH14MeVH
MAZRINCRIE T 22EHTE, 1 MeVRI R OZFEFIFZEICB WO THENASIT RN
EHRL CTW\5,

(3) TE M+ B A7 (Vertical Neutron Camera: VNC)

NFM. NASIZM %, FEE T AT (VNC) 12OV T B KBRS 1AE R L0 i)
LTW%, LHDIZEWTHATHHFMETIL, B — - IXRISITH KT D723 K
B CTHHZEMD, VNCIZEY, B — A ORIT DA REFDHIENTED, ik
TaV A= |ZiZ, MCNPRIEIZEDREIEIIC, 2. 5-LAR—FFD2 mEa 7 —REK
B 03z, a7V —Reld AL, e 7Y — MDA N B [ R a) A—4
(&1, 5 m, B3 cm) 2Lz, NEMZ O 1E EZER OB 2, VNCOZ AR
— ZHERERHIS R TIT WV, BBV A E M F VA2 D/ aAN—27131 %L F ThHE
ZFEBRATRLTZ[3.3.1.1-15], MitHasid, 77 X< LIl Rk -2y A—& 0l 9770
b RREH FIZERE L, ML, @ISR L TOREEELBF L, B
A=~ BB RE A R O AT LR o F L —a AR LT, i+
= ROFRHNZ, AT THEFRRARERFPGAZ A LT VX UG BB
=y NEFTICBIRE L, O CHME T RAERNDRELSETLODEMA 77 A~ EBRIZ
i b L7=MHz 1 CEMET 23 AT AL LT L72[3.3.1.1-16,17], KVNCO (LG %
3.3.1.1-4 ITR T,

3.3.1.1-4 2.5-L AR—F FICH&fg L7~ FE P EA T AT
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ZOVNCIE, BEAKFHE LR VFERIZEBWN T, NIy 7 U & = v —Ri 112
SN TZEICE —R /S —ZAMIfED E—ROhRZER TH L~V VY 7V E
FNF =R DR T DT E IR TR UE3.3.1.1-18,19], E= /¥ —hi - FATIA
DIF L DYERICKE R E R E R TWA, 7235, 2. 5-L FICERBEEN-VNCIT., B
FFRAFRIZIBVTL X 10" (n/s) EE O EE R GITHEELL TD, KRR P
FARFEIZIBW T, LDEVREE CHEE B AESAREETT 2589, 2. 5-LOVNCIZ
LT ZERI e lC B W T T4 5705, BHHZIRICTI W T NICVNCA B K 3R ER
F2ME DD 1. 5-LARN—h NICHHE AL, BRI T — #2150\ 4,

(A FL—T 4 T T7AN— a2

HKRFB T TAHNZEBNTE, A FOSOREFR, IMeVDO T3 /LF —%FF ORI R
NAEREIND, IMeVRI DI —HE, WOEm RIS W TR RIS Z L | H)
7235 H 14MeV AP DM ERRE LD, 1MeV R ML E AR I BV CEE T THY N
R T, DT — LRI B 2 N ER Ok 22 R Y 7 a5 O #E #) /3T A
— X3, FEROERM G IFICBIT AT V7 7R DOF U ED S, 1MeVRIRATT L
7 7RI OREERL - E UL E AT A2 TE BRI ZH D2, 5SMeVOH17)35H14Me
V2 BRI E T 5281080, TAT7 7R OCIAD EHEETHZENTED,

3.3.1.1-5 & 1S s 2 L O LRSI KV BA S S3u7-Sci-Fif g

LHDTIX, IMeVRI R DOFTIADAIIEDFEGEIZH)T T, 14MeVHPEF 7T 7 2D
IRF I 6 R 2 B A BRI D v F L —T 4 77 7 A3 — (Sci-Fi) M a5 i L7z,
&L SRR Lo LR IEE L CRIR Lo AR O Sci-Fifi# X 3.3.1.1-5 (TR d
[3.3.1.1-20], Sci-FiF A ALIz@EHE g Tl Vo~ BERICEAE %
MWEML TEDZEITM A, RIF IR BRL T8 1 DMED SV AR L ELHINZ IR D ZEM 5, &
PNNVAR EEETH NV AR THZE2E0, 14MeVHME 28Rl E+ 528
W TED, LHD T, RSB AR 20T CRR Lok i gs . KEa AT ZE R [ESLAFSE T
TR SN MtEs . X OVE L@ FHE M PR E O LRI SEIC LD BT LM 2R 25X E L
AU VIEBENZB WO THFR T TERDN N DFACIADHFZEEITVY, LHDIZE W TM
e VI D & = RN —A AL DI CIAD ZFERELTZ, [3.3.1.1-21~24]
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(5) ZDfh

HKFBERF1VFROBGANC, T TATF I FL—ra itz Eime ., FiE1
FEENEZAT o7 R . NEM TILIBE N EE e MHD AR Z EEI B M- F AR DR
IRV 22 5708 Tl DR T —Z 28D LN TE[3.3.1.1-25], £z, kDA
oA raba s SR ANEA TR 2 % . KR R 2R OB LGRETIC, FEFx
X = AT aA—H (NES) ORI 4 F L2, ZONESIE, [EEEFIN AL E 2D
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3.3.1.2 FOMOE = INX—RFEHAIS AT A
LHD&E/KFRFEBR TIE, ~V ST COETRLX—R ORI ENELT 5 H

I C LT TR TCOT NI 7R TR LT Ial —a EROFRITEERIvY
2> D—HDOELUTHLEST TV D, LHDORKFEEBR B W TE =R /LX — R D%
B ZE IS RE RN R Loy o F U — AR R S = r X —h 7 r—7 K O'E//B
BIpki-orfrge [3.3.1.2- 112 DWW T, dlE~WEOX R A fi L7z T, 5| & el
T HEEHIT, EAKRBERE2ERDOITHTZICCVDE AT EV RS T LA &8 A LT,
1B TRV R 1A R A Ay YRR, S@AAFIDAIC DWW TL, [FFFEDRRERE THH Y
TAIN=T KEFET — A OWilliam W. Heidbrink %% % B ##57L LT20184E(C
BHEL . ZOfNTa— R OB EALE X > TS, ZIHOBERRE R Tk~ 7 F 15 I
IREMABROELHZET, LHDIZBIT DEm X —hi 78O RRGZ LN T 5,

(1) TF L —RBE I E T RV —Hhi {-7 1—7 (Scintillation Lost Ion Probe: SLIP)

VT LSRR T ROLR — KL m— 7 (SLIP) OB L, ZHET A KRR
Wi D EF O AD T, TV AN 7T X< B 4L A (Princeton Plasma Physics
Lab.: PPPL) &DILFEINFZEL L THED TE72 [3.3.1.2-2,3],

3.3.1.2-1 o FL—XRB KGR X—h 71— (SLIP) D& TR/ —A 4 R
S (£K) . K OLHDEZERGENIZBITAHSLIP A~y Rt 7 ar O+ ()

3.3.1.2-1 (#£) 12 SLIP O A & LHD ELZ2 55582 351F % SLIP i H 2o ke
Y, SLIPIL, BZERERNICAAAE T DB 2RI LT R A b A—2 L LT RE
%, SLIPTIX, ffdEhi I v FL—F RS BA Y 7 ADEICRE S, Ry 7 20—/l
M7 —~—PREORERE RN —A AL DB IPEHR TELT RTFr—RNR T 5T
WD, TRAX—NHIEAROE =R —AF UL, TRTFy— DT F L —HIRIZ
BT D, THRAX —DE WA NLT T v —biE FICEE T 5, F-, BT xrL
X— A4 UNE, BT AL T, 2207 3F 2 — O FLZ G SHRITRT L CIRE T WIS
BT 52imb, BT RV — A G DEZEI LD F L — 2R B D29k TEFE 4 A5 %
ETHIELICLY, SLIPICRELIBAS =RV —AF L DOZRLF— KOy F A D
IRFFET 2L & [RIREIZIE 3 28N TED, IHIT, TOFHE I, B FHLE G RO
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L@ =N —AF N T TA RO E DAL EZEIE L TEXIZONFEIZOWTHEIET S
TENTES, Bk, LHDICEHEESN TWASLIPIZI A THY, 5%, M7 0—7 DL F v
YA ZEFTEL TS, ZAUZED R E T —AF L I_OZEM M fllEL, v
2L —2ar TTRIENDZNEER T 2OV TIHRDEELIZ, MHDARZ ENEICLD
HIRNLEOE, DN IS B ERES FUINEE 31T 288 R0 E OE VR Z OV TR A
L. FEEDO AP ICIME TE A E T RV —h DA CIAD IR DI FE 2 HEME D,

(2) XAV N R

BT R XK A R T ARV T, PR T 8% (NPA) 1., &R 7
R~ FBRIZE T DA GRS EH AL E AT B D, BKFEEBRIICBW T, a2
EARH ST EESSKNPAT L AZ W TUWE2Y [3.3.1.2-4], [Fl#: HE8 XM e o 4
THEFI THDHIENAMOBILTIY, FKFEEERIZ AT TR SR B L, 2 37 MefE
RNPADESG N2 Lo o Tz, ITFEOEM B DR ISV, =R LF — 53 fiFRBIC
BN, PEREIC B W TZELIZCVDA AV ELVRNE TR0, 20 HLLT, C
VDX A YT R tHgsnti RS b L0107 -7= (K 3.3.1.2-2) . XA YT RIKM 7
PRI TWDZEITINZ | Me VRO s AL - D = /L — 4340 O E 23 Al HE T
bD, 5% T ELCODAA A7 uhas IR B ER ~Di H LR I ANDE T,
FARBERFE2FE XD 1.5-L R —MICVDX A YECRRHEEE AL, NIy
SRR D BACIAD IR 1TH <, BT IR O Z D T D, F72, TASK3D-a
AW R 2l — T al T E O LeEH T TR T H[3.3.1.2-51,

3.3.1.2-2 LHDE/KFEFEEBRITHFI-ITEAINIZL TNV IYREVCVDE A R eR

(3) E//BEIFPERL A 43 Hrs

E//BRI ki 458188 (E//B-NPA) X, PPPL TR EN ., @& 77 X~ 721
JIRKFWBILTET, E//B-NPAIL, #KFE, HAKHE, —HKROZRVLX—5Mma A4
VT LRI I LN TED, BRI R EE TR — R R MHD AR E
PEDOR BAE AR FEZATO BT R RREE AR =R DA EASRDHIDLT-D, T
Nx&BHMET DR AT, EAKFEBRE2ERD OO @A) T, BAEEIRO
TR A D TNND,
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(4) EmEAA B Sy EE5HH] (Fast-lon Charge eXchange Spectroscopy: FICXS/
Fast-Ion D-Alpha :FIDA)

TIRTHDE TR F—AF L DR F — F OZE WA E %, KB RNLIRA A
(H&2WE D)2 NBI IZE > TAS SN o m =T —0 K FEFRINARF MR F-(H HDH0
X D) A S TR AET IRy T T — T 2T A~ o D5 it %
WL T L F—AF D EH%Z . FIDA (Fast-lon D-Alpha) &5\ E FICXS
(Fast-lon Charge eXchange Spectroscopy)ati#fll EFES, LHD T, /K2 BRI Ha
SeaFI LT[R FHIN3.3.1.2-6, 7] 2D T 7223, BH/AKEEBRMIZIT FIDA FHAlZL D&
TRNVF—AF L DZER G AAREZ (LT 2, 3.3.1.1 HiClk 7= BE L7 T ATIL,
G BSOS AR O BRI D =R L F — D m WA A AN E R A BB O ZE M /o &t it
T5, —J7. FIDA |3 BAH S E R 3579 gy AR O i = f L ¥ — A4 D
FHAIZRTBETH D, Lo T, MV AT LAEMMANHI T2 T, ar o= X —ig
F 2 DA DOIE A TR R EE 22 DT> T X 4 M ATREL 725, 243 T
FEREMNTT D7D, ST — R OEERLETHY, RTIEOREE THLI) 7+
IWET REFET =AU OWilliam W. Heidbrink #5244 B 237 L L C201 84 (4R 1L
L. fi#T 2 —RFIDASIM® =R ST BLAL ~ D i X > T D,

[3.3.1.2-1] M. Isobe et al., “Fast—particle diagnostics on LHD”, Fusion Science and
Technology 58 (2010) 426.
[3.3.1.2-2] M. Isobe et al.,, “Escaping fast ion diagnostics in compact helical system
heliotron/torsatron”, Review of Scientific Instruments, 70 (1999) 827.
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3.3.2 EFEEEHAS - FREhEHA
HKFEFEBRTIE, FINLARRD RO MGEE E W FERRE T D, R, [FALAZH R O
EANDFZOWTIAT D720, DAKFEEHKFZLDIRA L (H/D F) G 2) VO RE(H]
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S FFREEFFoToh LY HGELEHAL, D) ELFTREN A HI O R 2D T, L TICZN6IZ oW T
ERAN

=

=y
5]

3.3.2.1 H/D LbE#|
(1) 7V B2 a0y ik

H—RIN A7 T X~ (flikF (H) XIIMEATE (D) DT TR~=) Tk, A4k Fliikid
YEPPEIL SR I LD E TR S I S A S IV CUND, S CL R I (2 381 DRI A %h
RAEELBMRT H7-0120%, BARDENARAZ L DENZ D B HEZFF O RNAKRES
TIR T REATONE N DD, /KT BAREBRN AR OZE/M A2 RE T8 LT
EEL TV BB A HAS E1EA LHD [Z8E AL,

PV By N AT BT, 2SIV T AT E PR B — A& D [ O 17 B AT HA S it
IZE> T EINTZ Ha LY D a BOTRENS, 77X~ HOKFE R NEKFEOAA L
JEDZEM N HiETETDHD THD, IR - — L E DR FEAHSEZEL R 5 & ik
TR T IR E DB WD T SIVAIRIR B X TR EE R E W, 22T, WA
BT AL DIRIRFR S % TEAE LT T-0IcE — 2B H AT TV, K 3.3.2.1-1 I
PV i B A SY YEIE THRIE LIZ AR MV AR, fal B AT A > DARIRR 53 D K 4>
ITE — AL TELBIDNNDD, BIEFDARYT MU TH i o7 (2 ILEcd 5
IR S DMK SR E L THFEE T D, B T2 faf A A AT ML 4D (UK T & HKE DOKIR
%Ay« TR Y DA T A5 A D EIRG D THIIL, KFHEEEKED BRSO E
CE— DR ENOLRKFLEHKFEOBEDEM D MEF A LIz ONK 3.3.2.1-1 () ThHD,
IKFBAT L EITE =7 L TCNDN, HAKREE I THD, KBEEOE —7
IIAKZ P — A0 — LREHIEAG 12 L5 D TH D,

3.3.2.1-1 (@) VI faf A H 4y Sedm TR 7o AT ML L (b) KSR B L F KRB E D 22 [ 43 A

R D SIL I BRI WS AT DERAY D~ 7 AT T 7 B 5E it R R A B
WFFERT D EEH 7100 F . Wendelstein 7-X (W7-X) ICFRE L7z, £FD W7-X HE/KFEFEBR
IZBWT, D-HIRG 7T A~ DOKFE KL OEKBEE A ORI END, KFEEEKEDA
AR LD ZE R LT ARD T ETHD, Flo, ZHUTREROBE 7T X< 1281 5 EH K
TN ONT T LAF R BE D 2 TART HERRD TEHE R T —2 72D,
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(2)ZEH Ha D a 53 YEEHA

RBLE LU COKBLEEAFEE WO T T X< OREOIEWE RS2 81X LHD #F5E0
HIYD—2Lleo>TERY, FMETOTIRXA~HOKE, BEKFBEDOALAFERRLLOFHN
HETHD,

LHD TII7 I X < JE L CRAEINDKEBIR T K CEAKF OO0 /30~ — o #R#
EAHHIL, ZDhE T IX< P DOKE/BEIKFAFT U LERIRLTND, 6T, FEERIZ
VLRI E AN T TR~ DR F- DAL T Ty 7 AD SRR LT 7 05 LV IEHE Td
DD, WH DT T A< CORERFHENEUT IR, A4 EE X TELI 2, [FIEE
IZFHAIZAT > CWD NI i ARG INT 7 F A~ DA A AT 2L OTHDHD
T, bLIAERIGEV DB IVUE, KFRFR - EEKRER 7 OMEN R a3 HBEN
FElELR D,

KBRS LHEARFFA D/~ — o SO R OIENX 0.2nm FRETHY, FH7 414
—ICRV BT HZLITHEL L, LHD Tl T RO AT LV EHAATV, W3R
BEL CRHAIL T2,

6 T T T g 40 T T T T
o Dq 1133363 | z 2 #134240
—_ t=4.25s g i -
2 o
C o~ 0 ! ! 1 1
> e} T T T T
g e 4 Teo 41.0 ¢
© o —
> S fe 105 8
2 < 0 : : : 10
2 _ 08 ]
£ Q 06t -
£ 04l
1 1 1 B O'(z) ! II32 DUf 1 1
6555 6560 656.5 657.0 3.0 3.5 40 45 5.0

wavelength (hm) t(s)

3.3.2.1-2 (a) FHUSHIZARTZ VDA, (b) KR EHIKRFR OB R L Z KD 76,

a7 300um DOHT 7A=Y A=K — 2L R T TA<HLERZEOHRAR T
ZEIAIL, g ~EE AT D, /0 easo B bl L 0.15m T, 1800 A/mm DZHEE D
TV —T 4 T HE# LD, BHERIL 1 7420 CCD T, EZ®/UIE 8 um, S 200
m. FE 7BV 3648, Wik HUE 3.38nm/mm T D, #FIEEEM 15ms T, 25ms A
RINVINGEERSIVD, AV AR MEZ 20 um &9 5628 T, AKBIRT L ONEKZFR DO
PN — a BROE — 7035 EEL CEHAIS LD, IS A ML O fil K] 3.3.2.1-2 (a)
R, BUEIL, ENENOE — 785 E 7BV OEOMZR AR OTRELL T2,
3.3.2.1-2(b) 127k 3/ EHAKF L OFH A 2R~ T,
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3.3.2.2 EENAYBELEHE

LHD TSI TOARLY U BELY AT AT, Bk 144 22 500 & 22 i s CfE
VL BT a7 7 AV OREEFHAEATH 2 EM AR R E R WV AT A TH
0, LHD 77X~ DN IZMBEARR Kb D LS TND, ik T 5 Il —Tara—R
B WA O TIE, PO VHGELFHAI O T — 22DV TRY . FAY U BELEHANE .
FDOEHAGRE B2 DT TOfATE LHD 7 X~ Oz 8@ L T, LHD 77X~ DOHfe I
IZRESHEBRL T&E oo 2O LR =25 M 53 iFRE LHD AV U BELS AT L% iDL - &
RFH 3 MR E b 3528 T EN e 7 IR InE G e m i /e 7 I A~ BLL O 1 -
BESAREREEIE T HIENREL /2D 4 F TR TET-MELBLS D LG BRSO HTR
RAHRESILD, BV BELEHRI O EE kL, BB RS OH D 6d TR A2 & 7
STETEY, WI-X Tk, U—F—HIlr CRimaIT< R O 8 (R phf [E (kL — 3 —%
BALT 1kHz DA R —3 a3 2R L CWD, MAST T 8 B DL — W —%ffi~7- ik k
LY BELEHIA T TS, ZOMRBUIE, RAY HGELFHA O RE [ 73 fREE D 1) b 23T
TR B BLGOE LA~ D7V T e S T b Z L2 e 45,

3.3.2.2-1 FEnEPMLY HGELE AR OB [ o ERERIE € —F

KA HELEHRI O Ed b B 09I SR O ZERE 7T 288 CL 2017 AR DY A3
VU RFERT 4V R EDEBRILFEE T Y = 7R L T, K 15kHz THIFTHEZR R A
VUAEL AT LD BIFE A D TUNA[3.3.2.2-1], AT AL AT A, HE O 30Hz DA
VBELEHIAAT OIS . ZHEITISED 2 DD R—ZANE—R (] KGER) 2oL — 3
— %8 A+ AZ LT, 156kHz O E#HE NA—ZANE—R(15ms [HEIE., 225 »~LA), 1kHz (50ms
BE, 50 7 ULR) DAR—/N—ANE—RTOFHHIAATEEL 725 (1K) 3.3.2.2-1), LHD 1Z5%
B35 E B ACEE O — IR E TR —E O XEEZ T 2T 4 A L RFENED
AT BHAELED TR TAT Y 2/ M eilih TW5, BIIE, Aty F THEfi4 ik
HTEY, 11 AICREEE DA ORRE & TL, 8 20 A2V TO LHD TO
HAZBRELTHABEED W5,

[3.3.2.2-1] D. D. Hartog et, al, APS Division of Plasma Physics Meeting 2017, CP11.059 (2017)
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3.3.2.3 ¥2EHEA

LHD 7 I X~DHUIADICHBEE 5 2 TODELIEFEEN 28 E LSBIAIL . PALAD U E
~DOFE#EFHZ LT E BRI TH D, RS, PR ALK 5y (A4 A — LD
ITG,/TEM, BFAT—/VOETG) Zm kg B+ 5725, LHD T, &% B fZH)
FHAEL T, MR T AR A=V 7RI PCLL Ry 75 —1% 7 8ELIE DBS, B — it
s BES, UM% G BGELIE BS HOEHHIERE, B REREEFHIEL CE A7 ek
1A A= 75 ECEL 28 L, @1 _f@ﬂ% LTW5 (1% 3.3.2.3-1), ZZTid,
RFHIL LT, PCL, ECEIL DBS @322 2WCERR 1%,

0.1 1 1 10

ITG p;=0.5cm
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| |
PCl, DBS, BES

0.1 1 4, 10 100
K[em']

%] 3.3.2.3-1  ELIEEEIITG/TEM/ETG)E LHD (Z3% (& L7~ 8 155 FE 428 3 RS O L e Hofieak

(1) “WRICALAIa > R AR A= 7 (2D -PCI)

W R BAF > DT —F 7 BRRRE OB Z 55 FikEL T CO2 L—F—%H
W= IR IEAI AR T ARA A= 7 (Two dimensional Phase Contrast Imaging; 2D-PCI)
BB T 5[3.3.2.3-1,2], MLV " IAR A=V U T IEAF L —F —H DT T X~ D

SLIFEENC K ANIAR AL A . BELYE SRS DM T 90 DA FRZEE 52 HZ8128D, i
JEAR BN E &2 CRHIT 2 RIETHD, K 3.3.2.3-2 |2 8.5-U AR—FIrfED FIR T4

285 RITRRESHLZ2D-PCL GHAIORE HEE 27~ s IR IR E R m A o
A HgCdTe2 IRtk HEszE VTS, SLIFEEN IR IR E AT H TN 7T X~ D]
EIEBREICEENES, TREEBE T AT, A4 DT —F T EEBREDOR R A2 F >
WIERTFRME R RF D, ZOFERIFRIE S LI A IR B T AN T D28, RO
DZEFIHNCRESEML TODZEEAFIHL T, ZRockttiasz HWAZEIZ LY | Lk O
STEGEFRNTL | BT O ZE MRS A F T AN TED,

HKFEERAGHR , R TOIRAT L EREIEL, SHI2, &G T KO~
BROBEENOARHET AT-DIT, JES 10 cn DR TRINARY F L o Tha I ERR > 7 2D 6 i
ZPHV, SHIZIFES 10mm O EmEEmICsEE Lz, ZRHOME ., JBX, i34
R KL IMAHFZER EO IR IE TR E LT, G EHAOIRINZE FITH B8R AT 2%
RE L, 1 M OERERL TR L TV,
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3.3.2.3-2 2D-PCI #2585 21X

3.3.2.3-3 IZ H 77X~ D 77X~ OsHlfZ~d, 2D-PCI | XELiHzE D 2= i
EORFRZEAC A IFIE A CORIR CREMER IS T DN RE TH D, AaA X L7
[ O EL Sy 2 FH T D728 . BERE R TAA U KENE M &, B BB )7 s E1T
T DR H X BILCEHIT A2 EMNTED, X 3.3.2.3-3 [ZBEET T TV LIZREO H
TA=ED TITRX DA T, WT IOGEGE L DMERO R IBK LA E 0.5 75 0.9
FHTIZSEBRE R CAA Y OB TT ANCHEAT T D8R AFIEL . 2T E ORI nE L
235, ZHUTKL T, BEAEALE 1.0 AT E 0 EOFRENIE E O ME LG IHE
&S EEINL  JE AT T X~ OWNERTRIRIC IR D3> TS ZEDNEBLHIITE S, [3.3.2.3-3]

3.3.2.3-3 (/£)D I IR< K ON(E)H 7T X~ DiEE A ORF 2L O kbl (ELY 1B B) ne, Te,Ti,
(2 B H) 5Ly, 3 B B) B DMt M TR sy (4 By H) A4 O RREM: 7 a1 TRk oy

ZORHANZ, EBROINZHT ATy 722K HZAEDOFHUA FTRETHY, £/, FHHEEH

WiIAA L D7 —F T REREDOWHEDEIR2DO T, VYA EHGH T Iz —a D
s Ch i ) A R AT D,
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(2) ECEA A— 7 (Electron Cyclotron Emission Imaging: ECEI)

BV Araba A A= 7 (ECEDIZFHE A &< BEfFD ECE FHl &~
FHANRE 2 ESEDUNER DT A A= 7T T TR AT R IRER(LO: Local
Oscillator) NJE&RAY 77 F (LIA : local integrated antenna array) Z B8 L[3.3.2.3-4]. LHD
DERFT T~ EBIE A LT, FHEARZ E T LIA ISR T2 EF OB L BT 572D
2 BB DOIZT—IC LD FR T Al UL T8 —MuiELIct%, LHD XV 5m
FEL CRRIE LTz LIA _RIZERZR SSRGS, 7T A~IZH T 537 —IF
= 2SMAlFRE ISR E SN, K 3.3.2.3-4 |2 LHD ([ZEASHLZ LIA 2=y haoR
T BIED LIA 2=y e 1 BGEREL, AL LGNSR T O 2 WotEHIITEH
LM, LIA 2=y MEERFRIM 2281280, haAZ v TimzEnZ Tl 3 IkoeaHANZ PR
DHHETHD,

3.3.2.3-4 LHD (2% &S~ LIA (X Horn antenna array) ==vcDEE <A 7ol |35 5
FOARHEND, 1D LIA 2=y IZ 8 F o RV DR—2 T T idmaAZ VT IR ES
TUD, LIA = MR M5 AN R E T A2 ThaA X L R OYEEN A RE ThH D,

LHD O KRGS DB X240 ORGE5EE 1.375T TR m/n=1/1 NeHAI &AL
A I EE 50-60GHz 872 L7-. LIA D 8 DD T T F DIE B34 & . JEIIR B Bk
T/RIE 1GHz @ 8ch (247 BES AL, Ff& LT 64ch O FHAIS ZFF>, X 3.3.2.3-5 ([Zh
BRIE 1.375T OREOFHAIREIRZ R T, B —F EBREORIGRE 2 72854613, HEH
W ZVNNZ 72 5[3.3.2.3-5],

LIA Z M\ /= ECEl 7> 7T, AU OE IR E Az 52 08T,
3.3.2.3-6 |ZIE CETEHRE S O —HI THH[3.3.2.3-5], - IRE 5340 DR A
BEIEIEL, ECH S AS SN CUVRWE IR 1keV BRED T I XA~ T, &M EIRE—ED
TR U BELFH E i T 52 L CE LT, £i2, BHREREEIO 2 Wtz
WFHZEHTETND, m/n=1/1 HOBEHET v 3V THROWE B A R o fREh 2 8Ll L 7=,
PERDID-ECE FH#ll GUIE S A 2V 5 N EIE D A o KRB &6 =V VA ES
ERFOZEND, MHD REEMICIDE FREFEEZ X DI LN TEI LW LT,
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3.3.2.3-5 LHD R&K MG HRE 1.375T OWEo> ECEI &8Ik (B RIC Ny F S7- k)

3.3.2.3-6  ECH 23HI AL FERN AT REO BB IR EE /o AT

(3) ~ A7 vk Ry 7T — 45T

BIIED LHD 77X ZBITHFEERELIEAK T ThDAA L A — /VELIR OB K OV
EN Az sl 7522 HRIZ, ~A7all Ry 77 —K5EF G4 . v~ A 7all Ry 77 —%#%
J7EELE:DBS) 2 LHD (23 fL72[3.3.2.3-6~11], ZOFET, 7ITRX~IC AR LI=~A
I DI k EDT T T G T LT BLITE A 12 Lo T U D14 7 BGELIE 2 8L 55,
BOELI I, BLEE v Ik TRy 7T =27k fy =—k-v » —k v, %I TEY, ZORy
7T =T & LHEBT AL TELIEE ZRD DN TED, Fiz, [FIRFICHGELIE 8
IOIEENTRE 2 RODHZEL TX| [l —ZE I BT D ELIHE SR E DIFMNELND,

LHD TiZ, ez, A= % W2 R GR 40 JEIE ) RIRE AT R D TEkiz
PRVEIOIRERET (1 s) - 22 (2-3mm) 3 fRBE CTORHAIZ 2R L 7= (K 3.3.2.3-7), fthEEE 12

BIFDUERB DR 77— A EH Tl AR EREE R LR EZ R R T2z
FHONCET B (B 100 1 s~%% 10ms) DO SEHHIZRFRLIMFEON RT3, _zh%:jt
MBI LT, ZAUCED, flix DT T X< | TéEL{uL%@Eﬁ’%)%@LTb\5[3 3.2.3-
12~19], Bl 21X, B A 7abas LR INE (ECRH) (2 XA 1B INEEERR([3.3.2.3-
16J12F17 5, ELIAEE DM 3 O BLIG 27~ (4 3.3.2.3- 8)0 Z DA ECRH 1BINER
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2L T FNFETHEL TV RE LA E Bl TRY, 77 X< ALIAD
(DR S TWD RN Z T RIBL TWAEE X BIVD, ZD I, T TX=DEiRfb ~Dfaét
BNLCH BT, R g iR sE 2 FF O ELIT A HHIZR X RV E BRL T4,

3.3.2.3-7 ~A7u AR LOFIBEARTIVH, & TOJERHR Y % FIRFIZFRE L CTRY, [FIRF
% G E FTREE 97D,

3.3.2.3-8 FRENIREL ORFZEFE A AR BT, ECRH iBINEZ Lo THLIE OREE DS 4L L T,
(a)ECRH 72L . (b)5.1MW ECRH A%,
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3.3.3 JE57 - PWI EEE RS
3.3.3.1 7T X< EinERE-HI

LHD DXH72 YD NAIERE T, BEGEANLD 3 Rl > TR AN Yy AT ¢
v JEEME XN ARG IE DN BLND, 7T A~ Ol ok (1R 187 AR 6D TR |
G ORIV, TNETAN Y AT 47 BIZBIT DS EED 3 ot R
ELTC, AR ST 2 o F A DR EALIRE DHERR SN TETZ, Ll 2 b E ik
HEDFERNZ DWW T RIRIADE 0N <, T TR~ Doy AR L& L DBIRIZ W TE
IRBRFZEN LB CdnD, 3IR TR RS E L 7T X~k OB E T D720, [H0%T
YNGR T R Z AN IR IR WAT RN BT LD
AR DI o340 . Rl 7 a— X AN—Z AR E 1T o7z,

(1) JEhAZF > RV o3 ks

3.3.3.1-1 (@LHD J&IHOms ks oA, (b)ZEM % T v R0 HeasOFRR, (OFREF X, &
(DIREFNTDHT 7 A3 —D 534,

3.3.3.1-1 I L TF ¥ o 2oy ham DR 273, LHD OM—F Z5MAIBRED
(2 Bz m T TRBRZ B> TWD, LS (X AN—2 R XA R—HLT X i, e
i) ZEFIZ AN TT 7 A3 =7 LA (131ch) ZFRE L, RNHIW) - KFEDDOFES AR 5+l
BT o72(3.3.3.1-1,2], RS AT T ANFE D SN2 D THHN, SHIT, Wik
ERIIAR DFEME T RDT-0I, FTIR NS T 7 4 —FHEORREI T T2, ZOTFIED
TR, 7T A~ ORGSR IT M ORIk LT IR M OIS A D 2 B
Wy~ T —B% (ERMEIR) L ChES T 7 40— BRI ANT-2 &, 7, 4k
DIRLFHRIZ L THODNTIEM BRI 38 1 (R DR IETREE) ZAE TET D/ —F 28 AL
7eZeThD, ZOZLIZEY, TP WEIREHICH L BT 3 IR ILFE 5370 O A Al fif 2
BAHZEMNTEDIINT/2-72[3.3.3.1-3], X 3.3.3.1-2 ITT AT —H DN R R"d, 7
ANT —21% 3 IRICHNZEAL T DH I A% -2 TRV, (RO IEAIMEO FETIE 3 kot
AP EF B TETHRWVD, A RIBIR LI FIEICE > T T AT —Z Tty Fi %
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B/HTENTECND, K 3.3.3.1-3 1IARFIEEZFER T —2I @ H L7, B S5 3.7
mBEN TR R B2 W I TORN A 2R L CND, [6] Ui CoRE ) #ieEi & o Ah
EHETHZEIZED R OREAIIZ AN —Z LT X BT HRL TR, $lohn
AZ N TN RE)—THHZEN 3 oTe, Flo, DAIIARHAS > Dl &> T
{ELTEY, mBPMEWNEE TV AN TIZES TR TWDIEN G -oT, ZD
fin, B2 e E W2 2 IROEAAAFHIIB T OV TRY ., MR EEEE DX LT ¥
T A NEOIRDEE DT HH72[3.3.3.1-41,

3.3.3.1-2 FHILWNEY T 7 4 —FHEDOT AN — X2 AMER, BB T AT —% B kDT,
T B LW,

3.3.3.1-3 NS T 7 4 —FIEIC L CHERE RS- BILED 3. TmBfE /=M i BT AR FE DI
5547 (a) CII(C1+), (b) CHI(C2+), (c) CIV(C3+)E (R S 1E L D %R,

F7- . BT A<l 3 IRTTHE Y I2L— 3 g 2—R EMC3-EIRENE D& |

EEREIN 2 ERE T DR DOFHE D A RRIC /o TVD, X 3.3.3.1-4 IZFEBRE 2L
—arOlkE T, K 3.3.3.1-4(a), ()25, BT OMGETE T L ClEaHlRE R EREIy
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i RIS TSN, R % D B 1O R B AL S5 = b T EBE A B
HBIENSH o1 (R’ 3.3.3.1-4(d) . 57, FITRHAR LEAATV S BATORIEET L
DFRREE R LE1T,

3.3.3.1-4 CUI OF 5340 (FHRFE ) D (@) B R &(b)~()EMC3-EIRENE > I=l—a Dl
7, a2l —rar T R TA~ ERH O R D EEER T (friction force) Z#Z{LEHT5, (b)EE#ER
71£1LC EMC3-EIRENE (ZLAWIHIER EMEE W54, (o) PR EED 4 £5, (d) IR EED 8
AR ELIEOII2L —al kR,

(2) =2 = Vo R

JEIRDFE A=V T DT FZ A% FJOFERICET2 BT, #rizic=s ook
BRRiE LT, WRAEIK 400~800nm % [A]HFC LLi i@ 43 iR (A A 70.05 nm) CRHfl452 &
INTED, FPERL (53 TR J#1) SO DR % 7258 &[RRI G H 5 2 L A3 AT BE
T5, RBIIZAN—HL T ORI TIE FATICR > TEY, AL DRy 75
— VT P SEHI LI D7 v— il B O AR (A X] 3.3.3.1-5 1§, ADMEIZS
A= ZRNI DD A ZCZ ST Do 0t km/s DFA/N—ZHUZ[H) 3 E BRI ST
B, BIEO_EFAIZHOEE OMEHEIZE ML TD, £, KE TITEAKRFITHART
LA~2fFIZEHE N K EL T2 TNDBIEN 3 -72[3.3.3.1-5], [RERORE RIZTE LRIy
JETHBLAISIL TV D[3.3.3.1-6], AT 57 T A~ DIEE &2 15 TINHS AL THD
CARETDHE, ZOEN TR LFRERRL OB & O RICA S L CRY, RN AR
ROBENTHLERR TED, BAE, Bl 22— 3> EMC3-EIRENE L0 b & 6H C
WD, BATOET L EFEBRFE R E DB DRI T D[3.3.3.1-7,8],

3.3.3.1-5 X AN—HL T TORFAA L D70 —HEDRNLARN REF EARTFE, BTSN —
SRS AE,
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(3) Z A/ — S H B g 3

KA N — BB B AZ RS IF B AT T VR N~ 7 B 2 o3
BAMFIERREE T D, ~U A /VREEE Tl il O KO JE L ER ORI & S EHEZ 2D
7o HAN—FRR EDOEBA T AT R L) — TR D eI TS, Wt & BV faf
A D LOFEMIR BR[0T T, AN —FIRARINRE T AT DRREZIT -T2 [3.3.3.1-9],
3.3.3.1-6 (ZEHASR OMENS , BLAEE LEHRISIVIIRE i AR, WAZIL LHD O~—7
ZHMAI(4-0O AR —MIZEESI TR, IbBAMBELRDAL R —RAUOF A3 —H k%
FHAIL TV D, X AN—F R EDIREE AL NI — 7254 L7 o TNDTED 537
Do ZHUIF AN—FUHEGE T DB IO RSO T AN ~DIR ARSI R T 5L
BEZHITND, 5%, BICRFAZREHIAITV Y, RIS - ARl E - BUN R R L2
TR D BAARIZ DO W TS NI L T,

3.3.3.1-6 FRIME I AT XD A —2 IR FE AR s HAlRE B, (a) LHD "N v A & VWi EARIMER A AF 51
RIS AT LOMEHE ., (b) BIITRER . (¢) ZA/S—ZH_EOIRE A3 Ar RIS 5.
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3.3.3.2 PWI B 52 Fl BB R Ik ES

7T A~ EEFH B AEH (Plasma Wall Interaction: PWI) AF 2212 B8 18 -2 3258 i & L C.
BB E O BOE R F T D, ARBHBEENIEE L, FfE DT T X~ DT AR Z
BREE S B FICHEY LA FTV, BIEEIC O 2179 2 8% H BEH ST, B
FEBRIZBWT, 7 IXIIBRBE SR EHI T T XA~ D I E T DI Lo T
fbEns7=8 ., FEEEHEGHERN TR EL TG, 22T, B E LR THE D
Bk d 5720, 7 u—7 BOX ~v=tE =l —X% 3 RHEREIE R IR E L. Zhick?
BB T B O H A L& "l REE LT, [X]3.3.3.2-1 12, /' n—7 BOX ¥ =t =2l —4%
i U730 B 2 18 ~ D FURHI D 1T 2 OVED A LIRF DO B2 i i U 2 s 3,

HKF T TAVIREBEZRORELOROANLEERL, £9°, NVF UL (T) V— AT AE=H|ZL
5T EOREEZITO, MHSNIZGAIE T BREEEICIOREZ LT 5, T Mt &2
w7 7T RN I oo Z b a2 fERR D%, 7 u—7 BOX v =t ol —& &k L CGRUER
NE—DOROHLETT), v~ =t 2l —Z L5 BRIV E — DB IT MR T 2o F EhE
THEEEL TS, Fo, ALV Z — 137 7V VBl 7 a—7 BOX EITHSARE
AVTRRE T, [RURIIN L= | FTCADFITEEMN D Z LA GEW T 528 TE S, 3NN
TEITHUHERBIOE B, AN, a5 B CR i SV = Th D, X 3.3.3.2-2
(2, 7 0—7 BOX v =¥ al—ZDr/n—7 BOX @& L ind -5 EH%ARrd, sk
=PRSS ITDIRE T v X — DR ULN T2 | i EFUEHT I/ EZEE 23 il
LS, BUBHIN T CGRUERR L Z — 2 AL B R L2 — BRI E STV
HEFEBIE BN, BB S L OB R it 9D,

A=

Y ST A [
o BOXY=E 2L
' %,
3

/

TRR =S

A

G.V.(L
[N]

w7

3.3.3.2-1 /' 1u—7 BOX v =t 2L —¥%# H L 7= 3UEHBRED & 1 ~ DO FEH) 11T L N ED F4 LIRED
AT e
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9*"y$l_

3.3.3.2-2 /'u—7 BOX v=t' 2L —&ZD /' u—7 BOX {i& )b RI-5H,

Fi2, EREOFHEELR TIZZ2W S, LHD 22BE0 H Ui EsEt O B B 2475 H I T,
TR ERUEME BES AT N 28T I i L7, 4 3.3.3.2-3 12, U EEURHE B 27 A
Da—W— A B —T 2 — AW O—Fl 2~ T, BEHEREVE B A7 AL LT, SRE
HRICRESNZT —F X =2 — =% L AU T BN LE, JE=E (3) Iczhe
NITAT o hata—4R 1 BT ORESINNTND, Fart a—X 3R AR A AT
D FLFHRRE B I N O R T —Z I ZHER SV CRY, KT TT —F_X— A & L
DAEEL72 > TCUND, ZOV AT LOREEIZIY | i1 HHET ~O J| 2 EE S W7 i b
B E B2 KD IEMEIZSZ G 3 DN Al fEL7e o7z, EERERO—FILL T, X 3.3.3.2-4
(2, TLHD EE/K 35 EBR IR TR E L= SUS B W i 75 8 7 2 - BE% S5 (TEM) 447~
7, B, C, Fe 2% T» Mixed-material HEFE & 23R (T EAe TR B L A0 > TNBZEN 7
D%, BTN ST B HERE G I XA G I ZHIBEL O W ZE D Rl DT LD BN T
7205550, B HEFEE O RIES & HIET 22 A HIBENH OB SO EETHLEE X
BB, EHRENEEE O EEE LA D TR D5 T ETHD,

3.3.3.2-3 UMb EIE LY AT ha—Y— A U H —7 = — AHH

Fe
C ‘
\,
J
1

B

sus-

3.3.3.2-4 H/KFFEERIEFR L D SUS 3B EIZHEFE L 72 Mixed—-material HEFE & O Wi TEM {4,
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3.4 LHD 7' X~=f#tra—R DA

LHD 77 X~ fi#fra—R O EE L CiE, EARERIZBIT DM 7R A RO E &
OB TR E A E O THRVLA TE TS,

%ﬂm%%ﬁ@V//&%Ailméf%ﬂ%ﬁﬁwfv“:ww%%ﬁa“é M2, HESNT

WBEFRO HE 738 A Bl R % kST 3 572012, FYE TR A RO FFTEHn A LE THD,
Z D12 | BEKFFEBRBGATIC EP%%%’%E%%:%(EW%EP MEFRAERT —F_—2R
(FIT3D-DD database) Z TASK3D-a[3.4-1]DOHIEAE Y 22— L (FIT3D [3.4-2DIZ 53\ T
BELE (K 3.4-10), ZOT —Z_R—ATiE, FiERAEBEOB/NEE -0, 3
HRAT L DBEBRNTT v — 7T 7 FFRER O SR R 2 F 2 M 758 28 3R 25
T 54 52 —RFIT3D-DD)& W TW\5, 7 —XX—ATlE, EHAKFE 100%0)7"?%“7%1);2
ELTEY, B - BEDOSAIGIEL LHD OMBIE 25 AmTk (B IR To(1- 0 9.
neo(1= 0 NCEEL TS, ZZ Ty Toon Neos 0 1 FHEIL, F0E %{mEz\ B, #
KAt/ VR TH D, _ODT~5’/\~X%5‘%H¥:’LT¢AU{ET“}:EP@%f“?a”:mﬂgffé LT
P RAERE TRT LN TE MESNDKNERNEZ 52528 TH% BIFHF
P RAEBREZREETDHIENTED, ERIERSE iJ)S%m/xTA%/ﬂ%LT <K
A LBR OB RVE TR A BE MR T DEVIEHZIT 72,

%k?%az%ﬁﬁﬁﬁ BIzIE, EEREHIEE, 20T —F _X—A S THMEE O LLEREE
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3.5.3.3-2 LN (LX) 2B RN (PIX) | R OBERS FHAOFFERT RGP (T X))
(ZR U DER B U B O HERS
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3.5.3.4 REIANVA/VEBRBAEZEAND P T 5540 FHE

TI R BRI AT AP A ORIKREN AR HZIT o7, AP AEEARRE
IRENCRRE L, FEEBRZICE L, 2O b EZRIE T 52 THMEFREREE LT,
3.5.3. 41 [T RBIAY IV TR E N IR N2 31T A BV 1 SR 3 A &7 973.5.3-61,

3.5.3.4-1 RV /L EZEBARE NIRE 30T DB PEF S0 A1 (IR L U E SO )

[3.5.3-1] LHDE /K EBRBESHE PRFHR (2017436 H ~201843 31 H)

[3.5.3-2] N. Akata, M. Tanaka, H. Kato, H. Yamanishi, H. Kakiuchi, H. Hayashi, H.
Miyake and K. Nishimura, “Long-term monitoring of tritium concentration in
environmental water samples collected at Tono area, Japan”, Plasma Fusion Res.
Lett. 11 (2016) 1305032.

[3.5.3-3] H. Obayashi, H. Amano, K. Komura, Y. Sakuma, J. Kodaira, H. Sakamoto,

Y. Mizuguchi, T. Hayashi and K.L. Tan, “Preliminary surveillance of prospective
site — Environmental considerations =, Nucl. Eng. Des., 4 (1987) 425-446.

[3.5.3-4] (L8 5L, /A PE—, TA e, “BEmhE s o Borp et S B A
Bfi”, TR~ KRG R, 14 (1998) T17-727.

[3.5.3-5] Y.R. Akhmad, Y Ikebe, M. Shimo, T. lida, H. Obayashi, Y. Sakuma, H. Yamanishi,
and J. Kodaira, “Separation methods of TLD dose components for environmental
radiation monitoring”, Hoken Butsuri, 29 (1994) 399-409.

[3.5.3-6] M. Kobayashi, T. Tanaka, T. Nishitani, K. Ogawa, M. [sobe, A. Kato, T. Saze,

S. Yoshihashi, M. Osakabe, LHD Experiment Group, “First measurements of
thermal neutron distribution in the LHD torus hallgenerated by deuterium
experiments”, Fusion Eng. Des., 137 (2018) 191-195.
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3.5.4 NFULBREIERBEGER A RLERT L)

LHD OEAKRZRERTHRATINTFULEL, FERAKK 1.5 Ci (55.5 GBq) ZfEL T
WD, ZHUE, BARTHID TTIASIEALERE IR TSz JT-60U (&1 BB 72 5a
SEHERE IRERE RS HFZERT) ERICL ~LCThD, JT-60U Tk, BRI MLHIEHSNDN
VF 0 L% NFULRE R BEHBHELUL T CThoZ e fEmd L, HExEE ot L
[3.5.4-1], &G FHFEFZEAT T, SR ENLO N F o MM &% 0.1 Ci (3.7 GBqg)
LIFEBEL TS, 20720 ZAREHFHEIZIE-SWT LHD K OVE DA s i 60
PER T AT G ENAN T U LZEIUNERE T PR A AT A @ LT, RS
R)F 7 ABIEEEIE 95%LL_ETHhD, NIF T AR FIET, B b ikE K oy BEEZ
WAGDOETEEBEAFDO T RNEUTZ, ZOFEIIN T U LB e TEMH ST, EREOHDH T
A THD [3.5.4-2, 3],

HIKFET TR LTI, LHD &R OEERR I, FEBRUEf O FBRGE M, AT
F U AR E I K OBLEE T ADF R RUE R D([3.5.4-4], T, HER T AMLEE
AT I, FEEF O N HPH O ALBRE B/ K FIR | BRSSO 2R PR R ISR IG
LT HUE b7, 2D OALBR B 23l 7= 372 | JLBRAEAR D B 725 2 FEA D N TF 7
PrEIEE P b - WO AR R 218 (LT, MS BUEEE) SRR bl - & o0 IRl bR 25
EE (LR, PM USSR ) 258510, 2014 4F 12 H JOEESRABAIG LT, P AP 257
LT, KET A% TR ETERERBRZ T 2016 4F 3 IR T L7- [3.5.4-5), MREVERE
ARG BA LT AT LD R E ATV, 2016 4F 12 H ) BiEHABRIALT-, 2017 4
3 HMBBAELT- EKFEFEBR TS, BRI TROA T T2 AEZ O T, BIEE
TR GEA SN TS, HERT AERS AT 2O G E %X 3.5.4-1 (279, LLFIC
- JEE O L1 R SR A B R T 5,

3.5.4-1 HERH ARLFEY AT LDHMBL
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(1) MS 7t g

MS B X, 77 R~ EER I O B 22 PR ALBRC N 2/ iR KSR - R F D L)1
WAL WD, MS BEE ORISR 2 X 3.5.4-2 123 ¢, MS BUSEE |21E, T TR,
HPEE SR, WA OB RTEDR DD, FRMIX, FIZTTAvEERF OPER T AL H
&L T, KB AD A LR KR B L AL (200°C) , FRALIK 36 T AD F L ALER H & i
Fe bt iiE(450°C) & 2 BEOIVEE 2 7 OB AN DAL S D, IBARIZITHLDH NBI 077
AR T FHAEEIRRE I, — RIS KRED KRBT ARIELRSNDT=0 , IF- RFENO K
WL DN PRI AT TR T 5, FFRE LT HER T AL, AKBIRED 1%% 8 2 72V I it &
L2230 R FUTHE AL CIRIALBEZA TS, WA E #0912 B0 R 2 Clal i Let
AT AL OB AN A SRR E O TN T U A& B KO INEIL S LB AT,

<] 3.5.4-2 MS BU%EE BERSAERE] [3.5.4-5)

(2) PM HU4EE

PM AR |3 E22 RO | ZHER T AR R STEE I OB 2R g/ —
ZESALEE (R e/ KR FE R T 0 ) 128 FH L Q1 D, PM B EEE OIS A il A [X] 3.5.4-
31TRT, PM BEEE G, 300 Nm®/h /38— A BT IS LR ruE e b, i
FICRKEED T AZ LIS H7-0121%, KEOWERINLELRD EE AT LN RKEL,
REGIT AT OIENREEL /2D, 22T, ARG B FIEEL TR I Bl EZ AV
72 [3.5.4.-6, 7], /0oy BEEI, /N CEGHLELSN Al RE TH DT D R B FE 2N/ &L,
HABEARETHLO =LY —HEELHTED, —FF, BRI EERE
HRIRF D FETE T 7R PR ARLBRIC KPR T 578D, WD 1 HERtE LT,

BLIERGRAL T U AR, BEZERIRNIIAERENO LR AT A TEEREE O
VEEBRE 2R T 5, BZEREBNE =V LTZ225UIE, N THLNRF 7 LKRLN
BEND, NV ZELIFORNF T LIRIR L7257 PM AUEEE O A O TG
FIZEONFULREZERL, NVFULIREED 6 x 10° Ba/cm® (FERUEERN) T LR FE #A
B K 1.5 x 10" Bg/em®)Z FRIBHAIL, AT F o AT —RICHI0E 2 CHER IS~k
HL7=,
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3.5.4-3 PM HBUEEE HERSAE AKX [3.5.4-5]

(3) AR

FKRBEBTERSNIZN T ULT, ERTATHDLKE - EARETALELICHERS I,
PER T AR A7 A CEII LTz, NIFT ARUERIT 95% LA RAsER L, BIFS L7 HER AT A
LB 2T T Wb &D RN F U LG RN RETEHIEEEGELTZ, FUESZ N F A
G AKIT, ERIR ISR EOEMNIZEDE TARERIEN B AR T AV =T ~F &
L= [3.5.4-8],

[3.5.4-1] A. Oikawa et al., Fusion Sci. Technol. 41 (2002) 612-616.

[3.5.4-2] “Safe Handling of Tritium: Review of data and experience”, IAEA Technical
Reports Series No. 324, (1991).

[3.5.4-3] “Tritium Handling and Safe Storage”, DOE-STD-1129-2015, U.S. Department of
Energy, Washington, D.C., (2015).

[3.5.4-4] M. Tanaka et al., Plasma Fusion Res. 11 (2016) 2405055.

[3.5.4-5] M. Tanaka et al., Fusion Eng. Des. 127 (2018) 275-283.

[3.5.4-6] Y. Asakura et al., J. Nucl. Sci. Technol. 49 (2012) 1018-1027.

[3.5.4-7] M. Tanaka, Fusion Eng. Des. 136 (2018) 141-145.

[3.5.4-8] TLHD /K& R HRE B (201743 H6 H ~201843 31 H) |, £
GBI SERT EKR FEBRHEE AL (2018).
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4. BEAREROYIHRR LS RO REGH
4.1 EEFEROILK

LHD |Z331F 2 /KR FEBRGETHE Tld, RNARR) R 2 TE A U iR s KA F25E 3 572
WIT, EARFRE —AITED NBUMED GHE S 4L, HEE NBI O ASTE ) H312MW 72518MW
[ZHE RS-, 2D INEE B AR 452 TR REL R D I E fEIR DL R EBE 5
s IE % BRSO E A, BA RIS R TR IO T e 5B 2 2 T L T D[4, 1-
1],
(1) mEREE B OHL K
(2)  [RNLARZh R OMREEEZ DT
(3)  ELUGHAEFFMEDRRFE

(4) Al EE o R E

INHOFEIL., BRI T —~ =T ea Tk T —~ 7 — W L THEAL
ATND, 22Tk, EAREROYFARIEEL T, LHD OF 19 A7V EER THEF I
B EN T mA A AR SEIIL RIZ B4 585 K% FEt 4 HEIZHh > TEED D,

4.1.1 HIREFEROILK

HKFERICEBNT, AUV R THID TAAARE 10keV ZEERKLTZ[4.1-2,-3],
4.1.1-1 \ZZF DT TR~ wd, a7 FEII SRR 7 A A R E RS (A A PN BB 08 R o
A ITB) RS, B IREDK) 2 (GO ARENFEBL QD ERFICIE, M
R HHR SR OB R &2 AU R U7 P 38 AR SR D) . F72, % i, ol
A AR DD DBLAIS VTS, ZAUL, s A7 bl A8 HR MHD A2 &4 (EIC)
DI RIRLZEIZL DD ThHD, D mAA AR ESILRAF L ITB OEHFAL
\ZIE, ZO EIC HlfE A EE| /2D 8% R L2801, LW R Ch o7, W75k 5=
TixH 2523, ECH MMEAD HE &> RMP O E /& IZL5 EIC O EALLBIHISN TR, 41,
B2 HHE FIEOBR A IFFSI TS,

w
o

12 T T T T 25 Eg 20F
Takahashi, NF2018 | “ =10 (2)#142032
= : :
< 2 1 '_/(t?EIC event
— S ool v, v, v,
% E_' 3F T i L— i T
B 2L
=~ s 1F
¢ @ 8_
- = vc at
~ <% 2L
% 0
10
— 8_
=3 6
= 4}
2- 1 1 1
0 , P .
46 48 5 52
Time [s]
4.1.1-1 (FE)AAAARE, BEHIRE, EFEEDOS, OF) EREF(@NBL ML, (b) #FEE

I () BEHAKR AT — () PHEFRAER, () TLAA K,



4.1.2 FENERZHROBIELEDTEH

AF Y ITB FIZRX2I BT DR RIRFAED T DI, AR LG LTI A~ EHKFHR
BB ERNT TR DI EAT ST i A X 4.1.2-1 _/Ta“ HbAF AR, EARFEE
G IR~ DT NE b\:kz» D ZD 2 ODT TR, MEVRT — A4 FE LR
725728 GyroBohm HNZI~ 7= Bk bz LT- Bt & bk LT, AT L2 G T IX~
V&, 27 R JE A REIE T A A Bk DMEIR L TODZED DD,

GyroKinetic Vlasov (GKV) Z—R% WA ESROFEIL, a7 f#8Il A4 iRE
AL (ITG) E—RNAZENL, BIZ T, it E T RN AL ENT DL RSN,
D 2 ODOREOHELTIE, BAREEZGTTTA~D NN, IBEARNKENICHEE DS
TUAREFRREDOE—RORERIMFOLINTIY, EBRETJELRWEERBAHEL TS,

(@ (b) (©)

X 4.1.2-1 (QAAVIRESA O, (b) GyroBohm HANZHESWTHIRLENT-A A Biiing . (o)
Gyrokinetic Vlasov (GKV)Z—R % W= #TE R RO Hhig[4.1-4],

4.1.3 ELIENEFIEDORREE

20

8 H (rq/ay5=0.5)

1ol | ® Dua=05) . o (b)
o | - 1 o 1 &, ‘o
kS ok s “
= 10) 4 | = oo".‘
B g “
= \ = ¢ .

il ’ 1 ¢ H(r4/age=0.5)e

i o1 e D(r, eﬂ/agg‘o 5)
%%s 10 15 20 4 6 8 10 12 14 16 18
TJT, RILy

4.1.3-1  AF VB D @I FE LLARTAE, (b) A A AR AR AT [4.1-6],
A4 ITB FI7RX~OaTiEK TlX, ITG F—RBELREEDFHWFETHAZEN GKV

FHEICERENTWD[4.1-5], ITG B—RiX, BB FEAA LV DIRELLEAA R E AR
BIETHDIZD | A A BNk OIRJE AR AFYE LA A AR E AR 2 R~ T, 0k
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BAK 4.1.3-1 1R, AR ENEIT, ITG B —RORMA R UM, A4 1R Ak
TR TG B —NEMOBEAFMEER L, ZhUd, IR DB K L BT o
FAERRLCNDEB ZDID, $lo, KFETTAS LEKRT T~ DEWS IR AR K
AT IR RO 5, 20 BB A B CEHALTTIHIBE L L T, BxB 7 43
BEZBND, ExB YT REARLEBLT —~ —EBRICKAE T D T e BRI TS
NTIY, SR KRR RIS AR %A L KO BRE A0 5 T 1 T,

4.1.4 FlidpimEpeiE o FE

AF > ITB FITR~ Tl Rl A 7 D=7 f8ik 5O U K5 MR 4445 7
(R — ) TE RSB S COD[4.1-T], ZHUFI AR EFRE N AE TR NENI R~
TR LR LFEEL TEERBER THHN, T OEEREIE LA TR,
Fio. BRI ELOBEL RSN TV D4.1-8], EAFEFERICED Nt
FERIZFE TEIERTIFRWD, HEH T REBUFERDELNTOD, ZO—HFIEL T,
(DEAKFETTRA<TH MR —VITIE RSN D, QAR H U T, 25 TEV, (3)
A A B B S BT D R R AR E OB (K] 4.1.4-1(a)) o (DA FE DY
— LA BRI ARBE5 ([’ 4.1.4-1(b)) [4.1-8,-10], (1), (N HOWTI, HA
MINZKFE, BB T TA<TRBROMEE THHDY, 2), DIZHO>WTE, BAKFE T TA<T
WD THERISNTZBGThD, 2D 2 DOMWEEIEIEHATHIET, A4 ITB OFFiiRF
Wz EKFET TR~ T, TREEMIZHE TEDREMEN DY, A% OF =72 ek o —
DL oTND,

(@) (b)

4.1.4-1 A BEGE D (a) R B AR B R, (b) IRFAMB O —7 R AFE[4.1-9,-10],

4.1.5 EEFERIEKICETELO LS5 HOFE

T Tl A AR FEIHE RICBE T 2RI DN Tl 72, 55 19 A7 VB BtAS
NTCHKBFET TR~ TR T, FMARZ R ZTE L TAAUARE 10keV ZZERKL , ELIRE#IDE
PR (B 2B O R, AL BT 28R B R OB L | RN 70
O DT, T, BIRAI: MHD A2 EMESC A S 43 AT S ENR: O B2 L
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BLVHFERRED R b HD | ZHICHVARTe Z &2 KD | EERFEEL R 721 T ARl
Wi 5 Db DITE DT FED RS HIFFS LT D, F7e, 22Tl Rn 7228,
BT IEEIKFZ T T A~ THIDRWNBV T — T EFRE 10keV ZEERT DL
e PR IR BRI R L s EEA RIS B L THA BRER DI TEOMABELNTEY, &
AR ARIE L i FE AR I D B2 DR RIS OV T ARV Te T Th D,

BUKFREREZ L, m—2 b, @A, & 3 Rk, EF LRSI it Z e
T, BEMEREEL CONIAABEA PR G D7D O T —F X — 2 GCH R 271 T
b5,

[4.1-1] BB FHIFEREAERZ RS BT IERT TRk 26 45 LN EEAT 2R &

[4.1-2] K[ B —1th, ¥FFa##H Plasma Conference2017, AREERE LT, 2017 411 A,

[4.1-3] H. Takahashi, K. Nagaoka, K. Mukai, et al., invited talk at International
Stellarator/Heliotron Workshop 2017

[4.1-4] H. Takahashi, K. Nagaoka K. Mukai, et al., Nuclear Fusion, 58 (2018) 106028.

[4.1-5] M. Nakata et al., Plasma Physics and Controlled Fusion, 58 (2016) 074008..

[4.1-6] K. Nagaoka, H. Takahashi, et al., 27th IAEA Fusion Energy Conference, Ahmedabad,
India, 22-27 Oct. 2018.

[4.1-7] M. Yoshinuma, et al., Nuclear Fusion, 49 (2009) 062002.

[4.1-8] M. Osakabe, et al., Plasma Physics and Controlled Fusion, 56 (2014) 095011.

[4.1-9] K. Mukai, K. Nagaoka, et al., Plasma Physics and Controlled Fusion, 60 (2018)
074005.

[4.1-10] K. Ida, et al., 27th IAEA Fusion Energy Conference, Ahmedabad, India, 22-27 Oct.
2018.

4.2 EINCIRZHER

KR EZEBRIC BTN AR D B O BRGIE S E O Wy BLEEAE O fR B 1 X5 b B E2 W 70 A e
THY., EEREb T —~ 27— KO, a7 YT —~ 7 — 7 TR I E R L it
WCHDFEATS, 2017 FEDF 19 A7V OFEBRTIE, EIERE(L IV —F TEMERES T A~
ThHHAAIRE 10keV Z HIE T EFRIRFIC, a7 B LV — 7 CIXEEM7IR /ST A—F — 2%
FEATO, BlER S a2l — 2 a EOHERICIOMA TETe, FrZ, a7 B V— T D%
BRCITIRKSE, RO EAKRBROMEZ ED, ~NTLOEH &L TELEIT/NHEL H,D O
AF L FEOFE M LDHEDE NSO TELSRM CTEREIT > C&Iz, UL FICHEE
T FEBEE LT R R T D,

4.2.1 EfRBIR =RV —EATIAD

4.2.1-1 128 19 A7V CTHRAS L EARMZR = 31X — LA O BRE [ (1p) E[E BE AT
TL—F—2 =07 2004(1SS04)[4.2-11E D g A 73, K 4.2.1-1(a)iZ ECH A7
A% 4.2.1- 1N NBUMBA T T X~ D bl a7~ 97, FEBRIT A TR & R,,=3.6m T
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172720 fron (X B2 DREGENL M O HLEE AT H 72D OB EARELTHY |, K 4.2.1-1 1TB N T
I%. ECH, NBI AT T X~ &4, 0.93 Th D, FALIADTEIRICIITHA A FlITH, D', He™',
CY"ThHD, TNHLDOAF U FEIZINT CVOEEX 1%L T CThd, He 1T BB L D5%
RN 5~10%FEEH D, 720N H' D ERD08, H D FI7X=IZBWTiE H #iE
(H/(H+D")) . D fED"/(H+DNMBEINZ I 80%LL LD DEfEMT kIS ELTZ,

4.2.1-1 2017 455 19 AV IVEBRIZIIT A tE D 1SS04 A —V o7 FHIEED il (a) ECH hnZt
75X~ (b) NBI JIEA S5 X~

ECH 77X <IZBWTIE AR ST — % 0.6-3.9MW ., $ ¥ E B (7,) 1% 0.3-
3.8x10""m™ OHFIPH C/N\T —%AF v Uiz, haAX VY, (B) 1% 2.75T ICEE LT, Fi-.
BT R — I — 7 A VTR L7, [ 4.2.1-1@ITR T IO H 7 I X<
B Tidte D FEBREIRIZE 15504 O TFHNTIRD. —T7. D IR D1 1T, Z<DT —H 1
23 1SS04 D THUE LD mvMEZ R L72[4.2-2],

NBI 77 RX=I2BW T, AF ST —(F, 1.0-20.IMW, 7=72L ., TEEAHE —LIZDONT
3T ALY YEFHAIFIZ 20ms DL SNV ATARLTEY, MBUIZIZEALETEBL T
2\, T —H Ty ME ion-ITB MRS U2 i@ g B UiA®D (normal confinement) Té#h 5,
M,=0.7 = 7.4x10"m* OFPH TAF v L, Bt=2.75, 1.68, 1.375T O F7/22d = D> DORGGIRE
TT =2 &G LIz, HFET X —En., T, TIOSMAEVFHBL7Z, B 4.2.1- 1R
IHNZH T TR~ D T TR DOENTHME TR, Fo, W7 —ZEHI21SS04 O THIfEZ
TES TV, 1SS04 1% LHD OFIHIDEERT — 4T NBI OMED K 6MW FREDT —
L R—ZNHE L2 O T, NEV ST — O RIZEAPATCIAD L (power degradation) d
INFIED 23 Thaho T2 e 2 b5,

ot@nifﬁifm D 7 IRIZBITHATIAD DI ZATH T2 O IRl FENT 21T 221280,

%19 Y AINDFERT —H TR =V 758 LT, ZOR5%E, ECH 77X~ TIL Fid
@2/7 UNS/&
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TEd‘ ECH < A0.24i0.01ﬁ 0.5810.01P—£.52i0.01 (421_1)
— 5 NBl I X<=TIX T ic DA —V T %57,

0.01£0.02= 0.78+0.01 p—0.87+0.01 p0.85+0.02 _
T kinypr & A201E0027 0782001 pr 872001 pos (4.2.1-2)

4.2.1-2 \ZRT I A — D 7 e Em U HBMR I CERBR T — 22 B HLL TW5,
NBl 77X~ DAr—V271% ion-ITB NIEAESIV TRV B LD E H L7=23,
4.2.1-2 2RI ion-ITB OF —HIZHIRIZ IR D ZENRINTUNA,

4.2.1-2 2017 455 19 AV IV EBRICHBIT A tE DA —VU 7 FREED H#E (a) ECH In#E5 X
<. (b) NBl AT F7 X~

#4.2.1-1 A=V T AT I AD g

Scaling parameter A Pabs Ne Bt

LHD ECH 0.24+0.01-0.52+0.01/0.58+0.01 -

LHD NB 0.01+0.02|-0.87£0.01|0.78+0.01f 0.85%+0.02

1SS04 - -0.61 0.54 0.84
ITER97-L mode 0.2 -0.73 04 0.03
IPB98(y,2)
0.19 -0.69 0.41 0.15
ELMy H mode

JETILW L 0.15%+0.02|-0.63%x0.02 - -

JETILW H 0.4 - - -
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# 4.2.1-1 12, A=V T DA T oI AD %~ $, ECH 77X~ RFBEED N1~
7 1. mode. H mode LIFIEFEROA A E BEAKAFNEE T, UKL TNBI 7ZRX~ DA
TG BERAFEITTI, BEDLEZA ECH 79 X~& NBl 77 A~ TOE BAKFIEDE
WORIRIE o T, Ez, WIRT — 23542 T w7 AZDOW T, ECH 79X
1% 1SS04 LA TIHhDH, NBl 7T A~<1% 1SS04 L0FRU VN INC LD T IAD LA
RLTUVWD,

4.2.2 BRI K OV %

EAR AR 1-FACIADBEER (1) 12D W T 4.2.1-1 LRI T —F By M OW T L 7=,
T2 A A FEIL HY, D', He* 72D ThL - — A& AR IES 72 Hoy Doy Hel D358
FEOFEVFHmL | EHIRBICB W TR E B E L2 2L ORI E TR L, 1,
A LT, FORE R ECH 7T X< IZB WL Tt DA —) o 7% [4.2-2],

- - —0.69+0. _
Tp pon 0 A"03340.027 052002 p=0.69:0.02 (4.2.9-1)

NBI 7T X< ZBWTIE PO R — U 7 % 157-[4.2-3],

- = 0. . —0.8940. 1.1140.04 —
Tp NBI < A 026i0.04n80 25i003Pab0589_0 03Bt + (422 2)

4.2.2-1 VR TINT, INBAF =V T3 R T — X HEL TD, 1y DA —I
LT, 1, DA =V 271X ECH 79 A~ NBl 7R~ b CA A4 VB BT DA
F oI APNA LIRS TEY, D 7T7A~D SN H 77X~ X0 BRI CIAD 23N
LR TS, ECH 77X ZoWTIE, b 1Y — A% B ZER SN O PR 1 & 1) CTRE
L CTr, 27 I L7223, [RARIZ D 77X~ D7 ki - B CIAD BN ER 5 h o7, Fiz,
ECH 77 A=IZBWTRELRERZIT> R D OIEREZ R L72E2A. D 79X
< DI ISR A K &L A2 >TRY, ZRHOEARRIZRL FHic 2 D O 7 B3N Z LA
FHF T,

4.2.2-1 2017 555 19 VA7V FEBRICBIT D, DA —Vo 7 FRIEE O (a) ECH M TZ X
<. (b) NBl AT F X~
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R LI LT T AT v 7 Xy MR B kL 1% £ A L 7= TESPEL(Tracer
EncapSulated PELlet)Z W TRz 727, Xl 4.2.2-2 |Z ECH 7" X=ZBWTNF
U Lk %E AUTZ TESPEL Z ASTLTZRED | 21 DS F20 AT (V) DR 2L &
9, TESPEL ITHUSALALE 0.8 FREE TR L TI80, W% L7 ZE ML E T 1 O A i) iy
EEFHIT5ZE3TED, K 4.2.2-2 ITRT IO, D T IRXOF BFR A OBERFHD
EL VIO UADENEWZEARL TS, AU s Sl o 27~ LTy
%o BL 1 WIE DT TIE 77 A< JELEOFEHNNOFEHIL TWAZEITEL T VORI
a7 FEI O E A SR L CWDI L ZiliA A4 T D VO J7 3l gk i Vg
B DR B LV TROTNWIENEVDJRK EE X DIDHDY, 5 % et il & F25REE R
DEBNPVLETHD,

4.2.2-2 TESPEL % V- Rfditiank o 325k

4.2.3 BB HRILIERIE L =L — T a LD R
LHD ZHBWNTEFORGE, A A OEMG R, AliApf s o SLIRERE R 7y
V3 AA AR E AL E M (ion temperature gradient mode; 1TG) & OVl & BB ~22 E M
(trapped electron mode; TEM) 2SELEHIE IZKELSHFH L TCWBEB X BIND, ITG DA
IR EAZ N~ NP KREONGEITELTE 2 I T D H R A< S A Z &R Tl
ILTCUB[4.2-5), F7o, TEM R 7-RIE 2 LD R ELDENR D TITX~D FH R KEWND
EMT RIS TND[4.2-6], SHIZ, ITG, TEM 61285 B AEL AN IE IS 72 A HEIE (/N B Al
(223 TR EE S EENN) TIX TG, TEM EBITHRIEARE RN T HRDZENRIFLTD[4.2-
71,
4.2.3-1 1Z ECH 77 X< |28} 5 n.. T.. ECH deposition, ELIEHREIL ~L D L%
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T, ZOE IR EEE FEEITISIERT T, K 4.2.3-1 @7 X9 ECH @
deposition AAHIFIZRICTHDH, X 4.2.3-1 (a), DITRT LT n., T AN KEL B
D, TAINEREEL T D OGN EL n it H 77X~ N7 Ty b THHDITKL T, D 77
A TRV —72 3 278> TD, ZIRITENFRA L R T AR A= 7 [4.2-8] TRHAIL
TELTRFRENE, X 4.2.3-1 (IR T I D 7T X~ D EABL N IE L 72 D 5EI TR E <
FTL WD, ZOIHNZ H FT7A~E D FTAS TR OB E RN KEL B 5550 IS
NTEY, SHBHRTI2L — a0l 0 W EREERE O IR I BT e,

4.2.3-1 H7 99X~ D FI7RX~D4554 D E#E(a) ne, (b) Te. (¢c) ECH deposition, (d) #E#EiL-~/L

I 2l — v a iy v A EEB R L — I LIRS GKV 2—RZ& T
17-72[4.2-9], X 4.2.3-2 12759 NBLINEAD ion ITB NS TS H. D 77X~ 8
WTAF U INEAMNRK 4.2.3-2 (DITTRTINUFEAL RICICHBEOS, NETER T4
BN D 77X~ DM EL, WESELCAA L OBGE RS U E L TWDHIEE 7R
LTS, 4 4.2.3-3 IZZDOFEIZBIT DHBMEAALE 0.5 IZBIT LI 2L —ar
DA R, M 4.2.3-3@IR T INHEREAL U EGRRIT H 77X~ D IR~
DIFHNEL, K 4.2.3-30ITRTIDNTHIRTEDO =R X —|T H FT7AX~<L) D 7T X~
DI WRENZENHOLNIT /o7, ZRHOFERIT, WK T D 77X~ RN H 77

91



A INAFT AR @22 EMERICHBTE ERICBITHEGE R T Iab—Tay
BT ABGRRE T EHIT 1/3 FRIEICR > TWAZEDRENTZ, LILARRS, EEMIC
FEBROBGRIREI 2L —ar OEGRIROMIZT 774 —2~3 BRIEDRRZ 1’ H D, ZHU,
B—IZHRD GKV TIX E, KON B, T E DAL OIS EN G FN TRB LT, v 3=
— AN R A K EEf A2 B AT A A MBS TR R I A A IR Ay A
DRI E M (stifhess) Z R D . T D LA A R ABLOIE N TA L OEE RN
RESEBEZ T DHENFREMELL TE 2 HN5[4.2-10],

4.2.3-2 AF2 1TB WEKSIEZ H. D 75X~ s, (a) To 540, (b) ne 594, (¢) Ti4An. (d) 1K
FE LT T — 05 Fi

4.2.3-3 GRV [ZEo THEASIVIHEAL/ N A (e /as) (1B 0.5 (2381F % (a)FERIEA A2 B
b)HFPRIL D =R —

4.2.3-3 (@IIRENDINT, H T TR~ DIRALA A IR Afd % 200825 /ha<T
He, BREI 2L —ar DOAF VB RITIEE B L, 5% E KOVE T OR R
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ZoteIolla—RER R T2 WNC, FIABIRE AR R E DA S RTA—F—DE
LIk T 2R RO A B HERBL CTRLZEDBME THD, IHIT, X 4.2.3-3 OE I
WZEER T 200, Bl ZITAF L FOENRLT T A< T A—5—(n,, T, T; DAL AL
T./T; b, FEZEJE 3. BAE) DB EDDNEVI)ZEICEREZY TT, 32— ard
ANTJRTA—=H— 5 AF% v LU THHLMN ﬂ“é%%b%éo

4. 2 4 FLHLEBDORE
%19 VAT NVDEBRTELDOERT — 252 TG, N 2D TET=0, RN R

iauﬁ_év’w/z\/v(?ﬂ Biv-, RH) . K OVZERIREIK (7T X~ N, 77X~ &0~ B
HO7280 %) THEZRD ATREMERN B, Bl ZE, [X14.2.3-1 KO 4.2.3-2 (TRENDH I, B
KAVALE 0.5 fHETIEL D 77 X<IZB W THE SR IZAEIRL TWD3, 20 ZH>D7'7
XK 4.2.1-2 IZRENDIDICTERBZRFATCIAD I EA E 703 72< normal
confinement MDA —VZIUEIEIRD . FARIZTRWVLVE FINEMZBITHE S ITB 128\ TH,
TSR WNEEIR ClX D 75 X~ CHMe7 L OB S TA[4.2-11], 20k
PRREIR IR T G0 R E T ST A7 [4.2-12] ELIRERDE 721 TR B iy B
BT DOWTH M7 fEAT DN B CTh D,

[4.2-1] H. Yamada et al, Nucl. Fusion 45 (2005) 1684

[4.2-2] K, Tanaka et al, Proceeding of FEC2018

[4.2-3] H. Yamada et al, Proceeding of FEC2018

[4.2-4] N. Tamura et al, Proc. 45th EPS Conf. on Plasma Phyiscs (2-6 July 2018, Prague,
Czech Republic) Vol.42A, European Physical Society,(2018) pp.1624.

[4.2-5] T.H. Watanabe, H. Sugama, M. Nunami Nucl. Fusion 51 (2011) 123003

[4.2-6] M. Nakata et al, Phys. Rev. Lett. 118, (2017), 165002

[4.2-7] M. Nakata et al, Plasma Phys. Control. Fusion 61 (2019) 014016

[4.2-8] K. Tanaka et al, Rev. Sci. Instrum. 79, (2008), 10E702

[4.2-9] M. Nakata et al, presented at EPS conference 2018

[4.2-10] A. Ishizawa et al, Nucl. Fusion 55 (2015) 043024

[4.2-11] H. Takahashi et al, Nucl. Fusion 58 (2018) 106028

[4.2-12] F. Warmer et al, Nucl. Fusion 58 (2018)106025

4.3 BT RVX—RFBALIAD
4.3.1 MTRNVX—RLF O BEZR B CIAD I3 HEER
LHD HE/KFEEEBRIZIB T, FRROBEREIFIZHB1T 5 o KO PATIAD ORI E
5728 NBl (ZL» CTAEMRSNDE TR — A4 DOFATIADMERED T2 7-, BEK
RTTAZTIHRER TR F — R U7 MER THAKFE R LI A SIS EE £
FUZEEN -2 i E D, EAKFE T TR~ TR EDEEEE BSOSOV TLL T IR
R

93



—W&i e D+D  — n(2.45 MeV) +°He (0.82 MeV)
D+D — p(3.03MeV)+T(1.01 MeV)
TS THD — n(14 MeV) + « (3.5 MeV)

H/KFE NBI JIBAVEBR W T, 71T, OBWERA BSOS (S 7 A7 RO RIS) |
QB — LG &SN TAF DS, QB — LA A LEDISD 3 DOfE THRAET D,
WHE . BFREQ., W2 TCT (two—energy—component torus) SinZ KV AT B HPEF-3
KEHITH D, BIOAFENS FLAUX, AT HHMET 13 NBI (2807 I X~ iz ks i
TR AN X — A A OFCIADIEREA L CDHES 25[4.3-1],

FKFEBRBALAIZHEO, ET71E MHD R EMENSBIRISIVRWVE 7 abha Nzl
TITRXLITBNT, B —2OHGEFF L0E /5 12 L AR O NB(Neutral Beam)z A
F42201080, T2 T R F =S5O — b A F L BT T A~ AR
L. E— A OGN I LA E DN OV TR L724.3-2], 1 4.3.1-1 1TRT X910,
B — AAF L O ERR7 FACIA D % [e3 B8 H M-8 R SR (Sn) O IRF R 28 b, I DN HE skt
flElE, By S E 7 L Thsd GNET a—RIZED TRIEIEFICI N —EE R L7-[4.3-
3], MHD RZ2EMEDBIRIS N2 LHD I X< 280 T, BE— A F Y FALIADIZ O
TH A E T L CTRIR TED L WO LI, F7o, B — LA T U R LD ZEZRIT
F0, B — A DR N T D LN EBRANREI, TASK-FP 2—R(2k->T
i o—% R7-[4.3-4],

4.3.1-1 #H/ UV ANB NG EBRORE R, A EERAE R, T8 GNET I2L53 =l —Ta i i
WIT, PHEFFAERGS)DOE B EARFMEET 2L 2, K 43121 TR T8I, 7+

=77 HFRRANIZESET NV THANC RIS Z8Y[4.3-1], EFEED EFHIZ
PEST Sn A EFHL, BTN 2.5X10"Y m® DI TS, DY —ZR3HiL, FIZEVVE
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BEOME T S, MR & K T3 28R 085572[4.3-5], RO NI ~D 7 MZ
PEST S, DYEINMN LA, e R PE I AR EL T 3.3 X 10" n/s #157-[4.3-6],

4.3.1-2 I AR O SR, BRI E 3.55m BAZ (@) . 3.60m Bz (@) . 3.80m AL
A (@) . KT 3.90m A (@) 12T A H 34, BAEEEN 2.5 X 10" m? yrfE o342
O —I R RS,

B DAL B OWEIEEAL T O MHD RZEMENBRISN AR WIEICB W T,
3.3.1.1 Hi TSN TRE FET-H AT (VNC)Z FHVNTHRVEE S o E 738 42 3R 455 40 D B s
AT o7, PVEF- IV ZEECERIT ., B O RIS 7 M- TEENL ., Sn #HllE FEED
fERNESNT[4.3-T], B PYEF- 0 OB T RN T A — 700 #E 1%, M EhAL
EANFENZT DI THOMUA~B B T2 LV OFE R D E5H4L, VNC 235 FHEDEREL T
HZ LR LT=[4.3-8],

HKFETT7AX< T, DD ERA RISORE R IR *He A4 B 1-EW o7z MeV 8
SO ERL D ERSND, ZAVDIE, ARRHE EE 22 2BV CE IR T S
%, DD FUSTHRALE 1 MeV fEO R ML, ZDIEF) ST A—H —(TF—~—FF K N
1% 2= RV 7 NEB B DR OB A FIZ1T 5 DT RGOS TARESID o Bif-D%
MEFIEFITUTL, TV 7 7R OFHERL LT ZEMTE D, LHD 128\ T, RUh&
ISIVIDERFAT LD 2 IRIVLEZRE BOSORERAER TS 14 MeV HPEFOFHZ
1152 T, AUIVEEIZB W TR THIH TERAN R Z W27 V7 7R P CIA D
PR SRR A 1T >72[4.3-9], BAHEFEE TR IESN - v TFL—T 4 7 T 7 A /3 — R
&Rz H\WHZET, DT FET- 77y 7 AR B2 FHAIL . DD HE -84 && DT
M FRAEBO TERINA N NARBERZ EF L 7-[4.3-10], DD & DT @A UG DX
JEFRO TN —RIFEDD FRISNTZEBY, DT FEFRAERON S ERVEERIT, #
FPETRAEROZNIDE RN LN 00 -72[4.3-11], BEKEMLE D R/2 DT T A<128

95



WTRY R RBERZ BUG U748 R (4.3-12], [} 4.3.1-3 [ X912, ez Nl &
HZET, MR RBESR DS BEE I THINL72[4.3-6], = —L 2 VlE R RIC LA b D A%
B DFEAM4.3-13]. XY GNET 232l —2a BT RIBEDOME M2 551, Rk
PRBEZR DRIV AN T NAFIRELEZ FF ORI R D PACIAD DBEEIZ L HH D728
D3I o72[4.3-3], GNET =—RiZ, EBREBUAITH LN R BREBEERIZ L TR W
EZRLUTC, ZAUZDOWTH, [FAla— I &N ma b OB R EL THHI e
RN DO—2ELE 2 bD, BEARFRFERE VFEIROH KN M ARBERIL, M7 E3. 55
m I, ZDMEIZ0. 45% THY, /INERIZBWT LHD LRI~ 73S EICBITD
TIEFRIRE ThHHoT,

4.3.1-3 RURARBER ORI EARA T, FEBRAE R (O) 11X, GNET v a2l —v a2k 3l (M)
LRBEDMEB ZFF D2 DB h o T,

BKFE —LETHKRFET TR~ ORHEE N RICI > TEAKR T T~ v I F T
— IV BBLAISN DO RREEREBR T oIz, TIEFDRBEDIENG, /v I7d T =D
TERR AV RIS T [4.3-14],

4.3.2 BT RIVX—HIF & MHD AL EMEDIHEEIER

2015 FEEFTICHE S LHD BKFEFERIZB W T, B X —hi (&7 7
B E—RE OET 2 /LX —hi i MHD RZEMEEDOMHE BE/ERIL SLIP = E//B-
NPA Z W T, BTN TETWD4.3-15~19], FE/ARFEERFIZEIZ LV, A
ARLT=IA, HEFRHAIA E = X — KL DIE D BN E R D58 ) 72— L L LU CR]
HRTREL 72 o Telzb  MHD RN EME B =RV X —hi O BEER BT 2050 —JE
DEERENDHFFEEIN TS, —F T, T TR EAET—RE—REE TR —R 7D
AAERZR~55EERIL, ECH JELIBRY; THD 0.5~1 7 AT O®HIFH THEIMEIIL TR,
BAF PR NBI ZEHAKFELZSAIZIE NBL IZLA T TR~ E RPN THLHT-0 .,
BARCIXEAKFEER CTHEMTHIENTETNRN, TLTREAFE—RE—REET X
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VX —hi - OF BAERIZES T AR ORI, 3.2.2 HilIRSNTWAIIZ 56GHz ¥
Avhrr OEAFRICBESNDZENHIFFEND, 22T &Kl @A R EEIC R
WTC, TIRAR DA AREACZILEF L, MBER2>TWDHT7 MHD R EMELET
HNF =R A DO AAEIZ DWW TR T 5,

BOKFBICL DA ARE T TS AR ERIZIB N T, MR F—RFLERTIX
~® MHD RLEMER G T D2 LD N—AMYZRRLF DO S LA E T LWL E
PEZIFE R &N 72[4.3-20), ZOBGIT, o /L — KL BB A8 MR R 42 5 # (EIC:
Energetic particle driven resistive InterChange mode) &y 4 S4L. e A A L IR 222 PHLE
FTHHPLEL T, BAEAN =X LEGIEH T IEDOHZEDNE THIAT O TS, KBS T8
IKFHETHRSINIZLDOTHDH, EIC M5IEEITLEDIDE T RAF —HL 7 Ol
EEZEOFE RN, EARFEFERICLY e o 7o FPEF-FHANZ VBB DD
b, REITIL, HARFBERICEIVA[EEL o7, M=V F —hL KO E EFEHN &,
FASNI20 2085 BIC DIEAEAT =KL O OFIEIIT RIS OB RIC OV TR 5,

4.3.2-1 BIKFHME TR RSN, BIC BAERD@BEIGTEE), (b)7 7 A~ B ZEERH) L O
PR AR (RO DR, 25 D72 NBlA SHEO AGFHINEVE /(B Z K @ITR LT,

4.3.2-1 |ZHKFERE TR RSN, EIC OISR EA A4 E—o 7 n—
7 (HIBP) IZEWHIE SN2 T TR~ R T X )V ER 8, il Rk = VX — 547 25
(NPA) IZEDHNE SV MR RO R A L Z R, BB OTZOIZHE AL NBI(4 5
B8 DA T — DR LR, NBl4 BAESAS ST BEZ I, /N— AN 1
FRAL, R T T X BALE MR - S — AN G FR B kS LT
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TW5, ZOZEIE, EIC W IAYHOEmZRT —hi 2 H oL, 77X~ DENME
EERESBISE, DOoEmT R NX =R FOEKELT-HL TN EE ZBND, EIC 12X
B TRV — R O RTINS E S ﬂ:éﬁ N EA T R R E 15 D5 D
Tobd, 16T, EHANVINZRE IR O EBLOT-DIZIE, EIC ZHIHIL DD @A
IR T DT IVFZHEL 2T HUTRB70,

4.3.2-2 12, K FEE () EEAKFERE (TX) TO EIC FEARFORZIGHEE R
T IR E T RNX — (TR X—HE) OEAL O Lk EARKFEE TP MR8 4
FraRT, BEDTZDIT,NBIA FHED AF T —H R U7, #KE, BB MELDIZ,
NBI4 BHEAFTOXAIL 7T N— AN BGHEEN D BLAIS LTS, FRZ TSR T X

Z. EKFERETIZ N—AMIRESG RIS T, 77X EH TR/ X — 75%@
L, HPE - AESRL KT 60% L CD, FKFR R CRfS oAl X
BIC IZLA @ =X —hi - O LRI B EINCHOLNI 5T, FTo, 3@%7}(?‘%/?&%

EHKFERETO BIC BARFORIGIEENZ T 5L, BKFELE TIEBEWE TN —
AN FEEN DN BLIS N A DITKE L, K FEHLE CTIHEWNELRD | N— AN E RO
SR ENSRE DK FE L E LV K &L TS, 2T, BEEISILD BIC 23Rk FAA4 L
HKFAT Y TR TNDZEERELTEY, BIC FAEAN =X LZ PR 5 L CEE,

R THH,
H 132009 | ]

1.0- .

0'5 —/F\WMN\

00_ SO s ¥ e ¥ e s
4.0 42 44 46 48 50 5.2
Time [s]

1.0/ D 133612 i ' ]

AN A

beta[%]

0.5¢ B/""" o \
neutron emission ]

rate [10' 1/s WN‘/V I
0.0 %,Lw ..... LA NN Ay

40 4.2 44 46 48 50 52
Time [s]

[X] 4.3.2-2 WKFRELEAKZRETO EIC BAEROBEREIL I A~ BT 2L X —
(NR—%1{l) | FEE NBI D AF T — FEKFIEDO A FIEIERL R LU,

beta[%], FC [107° 1/s]
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HKFFEBRIZIVIHAONI /2272 BIC BAEAN =A% LT T4 2, BIC IZE T R/L
X—hL LW T T A<D MHD RZEMEN LI THZETRAETHEZEZOLNHD T, M
VI T IR TRONDT 4y alh— U RNEEMEEFRICIRIR DD S B 2 B TET,
P TLLATFD 3 8 BIC ORAESRMMEE ZLND, 2FY, (1) RTTA~DO|PIMER
PRl — R NZEDNDTIDCARLE THHZE, (2) KERE T R/LF —hi 155 0I5
FESABBIFET HE, (3) mT R NF —hL 1 Ohk 22 1EH B 335 577 X~ Ot
PEAZHIE — R DB ENC LI TEHIE, Thbd, BERAIISIE, ~U VA SR 1 D 22
HENEWZ o &T D8, LIRS EIT-1.20 EENDH[4.3-21], BAKFRELEHAKFE T, #E
AN NBI DR EEDED DT, U VAR D5 22T E B E N 725, KB K E
EHIKFEHLED EIC HARFD | RPN L EE DT — R JE 5 A e 35 & | Bk
DI LI T DIEN D T, Flo, BEARRAA 1T, BAKFEAA AT,
BEIENRRKEN, M~ T DT 4y 2l — REEMEN L IRIRZ EMEE I T 2012%t
L. EIC |TRPTM: AR MR 2 B L LIS 9%, RPTE ARHAR AR BRI T — NS &
B RTEEL TWAO T, HENRO R EZWEIKBA S DS ERHU I R AR 22 et e 3k
T DITIE, KO RERIEFE T LR BRI EN o7, Ziuhd, K 4.3.2-2 T
FL7c N, BB T T~ DLGEIT N —ABRIEAD IR K720 (LY REWIEET
JENDEEEIRD) | N—ANFEAREOFEBN TR DN KT 2B THDHZEN DT,

4.3.2-3 BIC F& L wii14 ORFE S P38 4 2R3540, EIC O34T Lo T ERBRD i35 3 K
WAL TCNA,

4.3.2-3 12, VNC Zff-> CHIISN= EIC AR ICBIT DR AEROBRE Y
22 3 AT & 7 d[4.3-23,24), ZOXT/REND I, VNC HLRBR (. /a < 0.5)D Hi:1-
POV AFHEON B (S T EN 0 — F CIELTRRIZ B W TUIE RN en
MRS 7=, MORH 22— R CERAESNIZE — LA A B E /34 & VNC RO LA 1152 &
2L T ZORFE S M FAERSAA O EIC Zhie 32~V ANy 7 L hfiE &
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AT PERL TODZEIZHIG L TNDIENHGI 72~ 72[4.3-24],

EIC BAEAN =X LNHONI/2HZE T, BIC #if O F VA BEHIH BN 208
T&D, BRI, EIC IV AA KL Dk 2 E B &1 577 X~ OIRFUME A A
R EMEDR LU THAET DD T, AV AR O#LE , & L ITIRGTIE R A R 2%
EMEDT—NEEE T 22 THHINFTHEEE 25D, 2T, ~U AR O
FTE IO AL R E SN (RMP) | B —R#EE X ECH ASHI IO HIE 252 L2
72 AEHREL T, RMP E& ., ECH AHHZXY EIC ZHl#4 DRI LT=23, 522 ]
FTHZEITITREIL TR, fil 21X, ECH 2 ASLC EIC 2SN b565 0865 —77 .
TEFREMECHBE DS T BIC NRAETIEAFRERELFEET S, 5. VNC (28D
HRAE S TP M-8 A2 RZE R 0 Ai 2RSS SLIP (XD KA A 3l VT, BRETED D
VR DHD,
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4.4.2-3 BZERGF BB O AR MEEA~T My, BRI EMRE BT ICLoKH
[FRLARD FRMLEEA T BV, T RUSEBIFHEE IS LD N F U LD FRBEEA~ ML,
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[4.4.3-1] M. Tokitani et al., Nuclear Materials and Energy, 12 (2017) 1358
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BT TND, ZDT=8 | ITER LD EFEIZLY, 2018 4505 ITER Scientist Fellow &L T
LHD @ ICE FHllOIFHMIRALATT > T D,
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(3) TAAR—=TarFHE!

KRS B2 TERT CTlk, TR CTH 2D DEEBIE B OB A Z T 12N T f AR —
2 FEHE LHD ITTEMAL N LVETH R L, ZDOAF AL ITPA 78 %1l TRD TET,
TAANR =T ar FWEHT, EOEFRT AT 47 BIRIE 1990 FREDSH-T2, Lol
FHALKS FE DS B3 D72 WVEDRIERHY | FIH DA TV -T2, AR 2 IE AT Tl
T AARN—ar SO E R EOT= D LWEFTIE BALBRA B R L, LHD CEifgE qu
WA FIELT-, LHD TOBIREIIT 2009 45 ITPA THGEFIT, T A A= ar+
WEtOA FMEDR 2 IZRDONEED | ITER FHE ThHE SN AEN L 5T,

BHIO ITER G CIE, #OFEEE B EHICIE 2 B R~TaZ A FEHR 1 BD R
(Toroidal Interferometer Polarimeter: TIP) Tdho7=, FD7-  TIP ThI7 7 /LR ALT-BRIX
PR EE 1 TS N < ARD | ITER EBRA AT CERWATREME NS -T2, Flo, 77— A
N7 T X< FZERIITIE TIP BEERESNRN 20, F5 KD ECH 7V ANEO L 2O B
RN, 77— AN T A~ BRI OE 158 IO WBEEN RS W e, Zhve
=Z1F T, 2015 412" Engineering support to ITER Diagnostics Interferometer” &) 3 4R D
NERELK)Z ITER kL RE B2 FEET CRifE L. AKILU2Y external contractor &L T
ITER HT 4 A= a TR AT LOR G 2R LT, BXEHIRT T 2355 5T, =
=B THS TIP ORI T v EEBIC 77~xb772?;~z%€ﬂ;ﬁ75%® EEARYa)
R CTH D, REHEEIN R R CThADICRES T ORI E TN, T4 A N—Tay
THEHHIBR N R E CTU AT AN R/ DZ L0505, HIRIOFPHN TR EF N AT HE TH -
7o, Flo, LHD TREFEEFHIE SEFEMENFEIESN TRY KRB EN THEESND T 7 — AR
TIORXAE BB TH, ZOEFE L2+ oMl T 2N TED, AT AT AL Density
Interferometer Polarimeter (DIP) EFEIEIL, LHD TOTF 4 A R—ar T3 ZF 2 ToR
B N — AL TR nir%:@&)ﬂ\zs 201745 1 A& AL E = —2 FhEL . BIfE, K
@ﬂﬂ%&%ﬂ/t 2— AT T 21T > CD, 2018 4E7>5 13 ITER Scientist Fellow &L T,
LHD TOF-#5t iﬁﬁ@@é%ﬁ?ﬁ:ﬁ Z.ITER OS5I E 61T
TW5,

ITER DT 4 AR —ar TR EEBIT, JT-60SA AT A A/ S—var THF 0%
FHEEIBAT > TUVD, JT-60SA TlE, E/-D8 FHE FHEFHIRRE L T 2 WE TR
FMEEESNTERY, BE, FEHSCHBRAED LN TN, MY EFBEE TS TIRA<E
BRa T D L CHAIR T A= THY, HHOFHHITILE rﬂ‘»ﬁ%ﬁ%ﬁ%z ERHD,

2015 1 H AR W SEBH R O 5EMFSET JT-60SA (2381 5T A A/N—Tar T
Vet O R & OVFHAIMERERTAM | 26585 L. JT-60SA T@/\/ﬁ7/7ﬁﬁ Fe - B R TR
L TCDOT A ANRN—=2ar TWEH AT AOK G 21T CVD, KU AT A, LHD (Ti%
&L T A A= ar FPEr, K OVFFHR IZANT 72T 4 A —ar Fiit o~ 57 Ak
DR FER—AIZLTWD, ztsnxﬁ&mft%ﬁ/@b I%, ZEREAFFEZAL T LT 2016 E0DIX
=27 P07 T A< L RIAFSET JT-60SA 1281 DI ERE 1 25 F FHANZ BE 32 B3 4T
ka%l%%ﬁ%%mhbﬂ% 2016 D> % 2018 FEETOH[EMFFEIL, HIFEMFFERE TR
SRk 29 4R JT-60 HFAFZEEHE 2% B LI,
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5.2 JINEAE%ARBH T
(1) ICRF F R 2R DB

ITER TiZ, ICRF INEA 27 LD i JE I R IR an D #& By VU R L2428 A3 E T D124 720,
CPI #1854 4CM2500KG VYRS 0 1 J8 1 4% (65MHz) TORIRABR T — X & LB L LTz,
—J5 . LHD {28\ TIE, EHIMEFER O FEiH M ORRZ1BL T, ICRF INEAS AT LD
UWEBEDSEBR A EE S AL, 72, 4CM2500KG & U= KB & RIRRBR AT 250
L. LHD @ ICRF JNEAS AT L% 36\ THLIZZR W EW DRI Th -7, 2T, 2009~2010
FEITHNT | ITER ZFFtALFIAFZRICEE-S%  4CM2500KG Z AV - 5 8 I S8 R Be D Fs R A BR
EATo7, ZOFEF FEIEE IS 65MHz (2B T, 1LAMW / 3 F), 1.3MW / 10 B, IMW /
100 M oFs A AL . BSR4 ITER ~d L7,

(2) NBI D 3%

AR et NBI 70— 1%, ITER ] NBl O FEH L THL AZIT D
consorzio REX 7/ —T"LRAY D~ I AT T 7« 7T X< WM 7EFT(PP), ITER @
NNBI 7 /v—=7" 21T JT-60SA % @itk of o &1 B AR A 22 BR 38 i#% (QST) &L LA T
R IEEOHEEELTT > TD,

Consorzio RFX 7 /L—"7"L1% 2008 ESILFRMFIE AL TRBY, AAAVTRNT X
~AHAlEE — AFHANZ B3 D L R SR A AR L TIT - T D, AREEHE RFX 7V —7 13,
K 100 keV EFTHEAAE —L%EE AT §EZ SPIDER EMEXN L5 Bt ak 2 diEk 7L
72, SPIDER [Z1Z ITER H NBI THWA T ED RF MR A A4 PRI B STV,
BLURCHE — 2RI R > TV, A7 L—7 1% NBI HEA A IRBAF LRk
BRONED ST, B2, ITER H NBI Tl 1 MeV/28 A/m2 D KESKFAAA L E—LEN
W DMENRHDH, REX ANZIL NBI 7 ANAZ RS, — | B & B 52T NBI 2
JL—71%, LHD HEAAF IRBF OB EB 72328 LR85, £ LT NBI FHOE AW a2 F£F -
TWD, ZO78, LEIMFFEOPEADEERETIE, B F @ 2 [8ld JSPF —[E [ EF#EITL-
T ZRA B AAFE T ClIE — A EBRZ TV, REX CTlIE — ALUEFH R IZ LA T~ —
JEATUN, T DfE B2 KR A T AT CO EBRIZ T 4 — R w7 24T - Tk2[5-4,5,6],
ZDORIT, BADDIIARIRGEZED REX 7 /L0 —F ~FhL, REX 7 /L —7 7514, consorzio
REX @ V. Antoni t# . G. Serianni f# 1, P. Agostinetti ==, M. Brombin f# 1=, E. Sartori
DR LT, B —A80E G RIS I D LR FE S — B A& REX D0 RICE
BHEBRMREATOZ L 2o Tz, AR T4 R ORFEE DR A B2 ET IS BT L
T. T4 consorzio REX 7 /L—7DWEDR L 27 ThHAAA A B — LN O H [R5
BREFFE 2 B A R A8 AT O NBI 7 ARAZ R CTHED TX Tz, S4EE T, BP0 H
FRFHHE DA FTRE /272 0D  FLRIFSTITI TRV, R 6 AIZAAA U TRNOBAAF D
TR — MBS EE — 2 A ORI T 2 LR EE T EL TnD, £,
2017 - 11 A 12 HBIRFE 12 A 12 HE T, AZUT O/XRANKZFEDOZEE T consorzio RFX
DOIFFEE THD E. Sartori M H 2R ZEE L L TR A RBHAAFZEATICHTEL 7=, Z DR
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2 E— AR — LT A NDFRE W ALE R T HIETHEMRTOIE — LT T DEE | &
TIRE | TR EATOWT, L ER =X — sz HO 7 s R 2 1T -7,
[FEAFZEIE 2018 4EDEFRA A4 2HE(NIBS 2018) TR L2336 K L, b Tns
[5-7], F£7=. G. Serianni {HE(ZXk->T, AFOILEMICIILMEEINICE T R YD
L (SOFT2018) ThIEFR 472 [5-8],

KA IPP @ NNBI 7' /L—7 21, 2006 FE S IL[ERF e B L, ORZ@ A B AHFZE AT A8
FANWTWBT 4T AT —7fdE T e IPP BHWTCWS RE BT TSN A 4
ARNT T A~ OREOFE, @AAA4 LV EREE KIS EDT2DITEANT 2T LD
VRN TOVH ATV T QBAFT U EREAAT L —DTE R B3 27K FE RN AR 2h 3
WA FEIIZE AT > CE TS [5-9,10,11,12,13], IPP Z/L—77 513 2006 4E055,
[/ N—"T" DY —%—"T% U. Fantz Ei% &t EAE 1 4 OFEE DERA BHH 72T
D NBI T ARAH U RICFHENTEY, BAAINS IPP O NNBI 27 /L— 7 ~Jh [ Bh 2, 7Kk [
B SRR DT DIZFH LTz, FRCARFE T, & B2 b a4 5
A D Nd:YAG & He-Ne L —H —ZFFHiA Z | P B2 PP D A, Mimo fi L& &1,
XY TV 7 H(CRD)FHAIEE [E % PP O KA A AR ELISE ~i% &, L=, F
7=, [l CRD #E % A= FIAFSEE 2019 45 1 A I TP EL TERY, KERLAEZIFIZLD
AAF RO EE, EAF B FEELOBELFET LT ETHD, IPP O U.
Fantz %, RELOFIH Jt #%. QST DMARE 77/ —7V—F —LiL ITER DK
DAT T Tdb ., FHFEIEE DEMO i NBl OF WAL U — 2% 0% kDI RINFFE DR E L
LTHEY, 201846 A 7 HE8 HIZ, AEAKTF-T Workshop on NNBI systems for ITER
and beyond” Z B L7,

QST-NBI 7 /v —7 DRI IEIE 2011 ED5 2017 FEFETITo 72, IR ORI EF
AT IRAHUADEE CIE, RO NBl AFRMLELR-TL D, TOB, AL
F U BRAHEINSE D720, A PRNEBICIRINT 58 7 LD S EAKIEICE T
T AR =T THY) 5B OEERFRE > TND, Yz E T, Aty
BFENOEL T LYY A7V T h kL, REAAA L — Lo RWIM-RRFFIET S
BRDBAF L BIROMR 255 G L L TWVA[5-14], —WEEE LD, QST 251l A RZBICEE
L7 BB QST ARk watse g o e [mpFsE L LT FEfE I o<t
LU ATV T DM D TND, Eo | REG B AR T O BT 2% 1E. QST K%
A ZeR BE LR Rl & B A JE AT CRERR S NS [ 7T XA~ KB - o 27 ABR R B2 |0 & B
THY, JT-60SA DILFENIZEL & TemFFEETET, NBI BAFEIZ DUV TOEEITH AL TWVD,

5.3 {EIBFKERBH
(1)ITER B HI AT LD EH 7 ot A6F 32

Bt A R EIFERTIZ 3T LHD Ak Sk L B S L7 AR 7 m B A E R =
—H(C-PREST)Zf H L C, ITER ¥fEEDEFNTIE DX ITER BEIV AT LAOWH 7 atk
AP DEBIN ML REF L FE L T 5[5-15,16,17],

[TER 77 A A7 7 b7 av AMF5E 1%, 2010 4 11 A ~2014 4 3 A 12 T, #F5E
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1Z2-20 Phase (25773 1TV 5, Phase 1 TiX, ITER 774477 b EZRFREN T 1=
—alBOT | BERERZ (LT EREE a— VR —F 2L —F ffifha—u
R IR BAZHALRT2E) DET WEAVER L, CEA 7V /) —7 )V Ci{Th iz ITER O=A /v
WHREREEL 72 HELIOS 7 ANV — 7 Ok 7 — 2% FE2, ZNHEFREOMRGEEIT -T2,
Phase II Ci%, Phase [ IZBW T LR RELE EHRREZMHL T, TF 2L AtEEY
WHL 2L —yar BT VEERR LTz, CEA T AN —7 O EEFE R Ds 22— 2D
FERED LI EATUWRING, ZOREEZ 0] L& T2, D%, 15&1TMA 7' X~ FERIF D
LA T T A B TF 2V AREEY OmHAI 1ol —al 2170 EOAME
A g b T2 T IEORET 1T o7,

(NI~ 20T F L AT DO 2L —3 a0 1%, 2013 4E 9 A ~2020 4E 9 H D[]
THEEH THD, WHEERS ITER 7744 77 MR B EI 7 o 28T 32— g
VERIRDIDDY T ZATITAT TEML TND, 7 —T DR EE D AT RN
AL BRECBARE A N IR EIDIB SIS ITER 7 T7AF T T MR O EI 7 a2 8)
I Ral—ar DA el o —F & 5Ep ST, BIFEIT subtask 7 £TFE TL TS,
Subtask 1 TiX, TF #EHOET V7L 15MA BIEEEISM: T OMHEIT & 2 AT
Subtask 2 TlX, CS T NaANDET VT LZDRFE, Subtask 3 Tl ffiliz—/LRR
oI Ak ETe TF AV OETF I 7 LG 7 ot 24T, Subtask 4 Tl fliBhz—/LRARy
I 2% ETe CS AANDET V7 EHBHI T ot 2T, Subtask 5 Tl fliBha— /LRy
REETeIROAK LAV B IE ANV DEF )7 LA EI 7 ot AfENT . Subtask 6 T,
VT F N AT M A T I — g, Subtask 7 T, Ecosim Pro & Visual Modelar ®
V=T A AP EAT T, 5. Subtask 8 TiE, BRE ALY AT LRV Y A
TLOEFETIab— g Subtask 9 TIL, RIS FET IR Z BITBRE~ 7 Rk
~OBEATTEEH Lz 16MA EIROI 2L —a 27O T ETHD,

(2) ITER 2 OV ITER/BA [E NI & D 7= DAFE

H A 1 ) W 72 B R A JAEA) (BLTE D & - B2 A A 50 B 38 #6 A% (QST)) &
JT-60SA OR{RE~ 7 2y MBI HILFEFFEE L T, 2007 0077 X~ K fihs 5 (EF)=
ANV =T A a Py NMCIC)ER D R e 2 B kA L 72[5-18,19], 9T HH{=E
ATV haA VS U e R S R BR E E ( IR S r A ol HIEg e A BN
HZEZXY, £, BF aAf/VHT a2 A7 CIC RO R EFEC)., Eit /0 it
I (Tes) DFHMERER, K OV EMERBRE FEMEL . RO MREA TG L 7=, FEvV T, 2009
b 2011 AEZHNT T EF 2V FEREERE LY L 7 AR(CS) A /L H EHEERD Tes
HE L EMERERE FhE 72, £72, 2008 475 2014 HE 20T T, A8 (R G R 4
ExM L, JMBEG R FI2881F5 BF 2V E CS aA VY a A M7 Lo
EHUREZAT VN EREEGE O B PLIC B 3 2 5l 7 — 22 e T H b, 7 /4
— LADOEARPU R A B T2 2N TET-, SHIT, B 2 m OaA/LikBRS rl REZR s 4
HEBRIEEZ VT, 2012 4RI CS BT /baAf )L (1723047 —F%) O A LSRGl E
ATV, BRICERERECOBERRAE FML T, mARME BT IRETIC WO
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TR EG T, FD% ATV 2— /LTRSS CS ANV FEEED1EY 22—/ (K 5.3-1)
D EAN LA 2016 FRI2 32 L, e MEA R LT,

5.3-1 MAEEEICH A D JT-60SA CS =A /L

Fiz, RETEROBERFARGLO mG R EEEZ N T 528 HR9E L T, RAGEAR
BrILE A2 T ITER OaAZ S (TE)aA VOB 7 v OB A I E
T oA | B RHE I B RS e OV E D FERIFTEE LT 2013 FEDEREL
TW5, ARSI OB~ 7 R Mkl 2 O CTZORBREITH 720 D% E
FRESZ 2012 41247V, 2013 4R 7 AIZHRAIOEER Y 7 OB A E i L7, 75 KA [Eji
PR AV CER 68 kA HTOMBBLATV ), Sl ZORAE (2 T LL LD T 68
KAREERFOERRIIN 3 T /A4 — AL T, 2o IRERTFIEDN/ NS E) &2 e 9528
R LT, BB TH TF A VEUERTNICHEREE o 7 2 U EL TSR bL 2 ol
RAHZEPFRINTEY, 2013 F75 2018 FFEDHIC 8 KD 7 L OBz FEhaL
B CESRMERE AT & T D2 LAl LT,
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5.4 ZDftho> ITER/BA {EENIX TR Bk - EER L FAFZE D EAE A

ITER/BA [EINEEE ThH D JT60-SA AFFEITx L Thikke 72 B kA 1T > T 5, B G

SRS, $n AR (FE) « ZRIG AN E L 77 X~ W BRIF AL, B I8 7" 7 X< BEFE AAEA L BRIl

75>@$5y7“)7r0>%ﬁ ZZ L. Research Plan Z QST O35 LHL[ETHEL -, /-,
A QST ANETEZ G AF 22T T T 415 HBK D Research Coordination Meeting [ZH L,
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6. AMB R OB~ T BVFE A

6.1 K2EBEHEE

Bl &R AR Tl MR E O F R BN EL T AR R Fht R Bl
B AR A B P BB T 28E . R PPl LT 4 R RK PR TR L7
ZER L OB TR R, UM KRR B A HE T2, B KR 2B i Al kAL 5
R DL AEHBE T TCD, o, FraldLRFIHZEE L L T, 2EOEAFLL K
FORFEREA (B LR ST 53R 2 P EH LWL THERAL TRIT AN TS, HE
HENZOWTI, AR FEBE R ERR A SE R Z A& B2 5B (BL T #BAFR)
[ZOWTIE, RIFEROHYHE THRSNOIHEREESMEAFHEHEMEERICBWT, #
B L CWD, Eo, IR AE S | R EBE . REBIIERIR AT B %5 O ARWF ST T
IZBITDRFEBEHE DN, AT ORFFREE W ) ZE B RITB O Ckin - E 5
ZAT-oTC5, L FIZZEDFERIZ OV TORT,

WFR T, PR B RE B B9E L T4 — B il L3RR | SRR A LR O K+
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