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Neutron diagnostic is one of the powerful tools for the fast ion study in the DD and DT burning plasmas. Neu-
tron production processes in burning plasmas and the neutron diagnostic techniques are briefly reviewed. The trans-
port analysis of the neutron yield in the NB heated JT-60 plasma provides the fast ion contribution in the neutron
production process. The fast ion slowing down process has been studied by the NB blip experiments at JT-60. Tri-
ton burn-up measurement has been carried out with the 14-MeV neutron measurement in the DD plasma, which
shows that the behavior of 3.5-MeV tritons is almost classical. Neutron emission during the TAE mode driven by
400-keV negative-ion-based NB has been investigated at JT-60. The knock-on ¢ spectroscopy is tried in the DT cam-
paign of JET by the magnetic proton recoil spectrometer.
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Fig.2 Schematic diagram of 235U and 238U fission chambers for
JT-60U [18].
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Fig. 4 Schematic diagram of the JT-60 neutron profile monitors.
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Fig.5 Schematic diagram of the magnetic proton recoil spectrome-
ter[29].
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Fig.6 Comparison of measurements and calculations from TOP-
ICS code for the stored energy and the neutron emission rate
on the JT-60 High 8p H-mode plasma [32].
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Fig. 7 Time evolutions of nel, Vi, Pg, Te(0), Waia and S, for NB-blip
injections[38].
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Fig. 8 (a) Neutron decay time rn against the slowing down time 7

/2.3 for different V;, plasmas with ,=0.7 MA, and (b) the cor-
responding configurations and ripple trapping regions[38].
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Fig.9 (a) Experimental and calculated neutron decay following an NB-blip injection for a 0.7 MA, 65 m3 plasma and (b) the calculated tempo-

ral evolution of time integrated ripple loss fractions [38].
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Fig. 10 Schematic diagram of the scintillating fiber detector for the
triton burn-up study on JT-60{43].
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Fig. 11 Experimental and calculated 14 MeV neutron emissions in

the NB heated JT-60 Plasma[44].
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DEMMOBER]), 2R TRAERIT-8%E F LTV 2
(52]. THEBHZALVF—R T OB UADOLHILE RIE L
Twd, ZOMLADHAERLEOFRTRETVWELONE
W) ZERTIARERIZELBETHLONEMEE &
i, INHDAE £~ FOFBIANE—( F o OFEB%
PRS2 L CERELBED -DOTHD. £2T, 6F %>
ANVDORBIOHHESF T Y A= 5 EDAF NN G
axiE L [53] (Fig. 4 BH8), h¥FRAESHOMER 1774 -
72, ZORRDO—H % Fig. 131277, Fig 1303z nay
A= T EHBEOEEFTHY, NERLTHEDIE, b
THHBAME IO NE R T I A2 /NEETH L. ALE
DR B & BN OB O h P F 3R B AR L
SHIOBMO ZNDEIML TV B Db 5. ZomET
AT IR ST Y - 2 ETH B DT, &
SIS & DR YT RAEE Sy dEHIMEE 7 — NV
BIEWENHOENG., —F, P TRAEBES ITEOR
R A — D5 — B RS (Spr) 25BN T 5 4y
&, ()R D,

Sn = S~ npng(ov)g, 1 p, (17)

THALNS., EBE, LB TLMAL72 TOPICSD & 5
RENE T — Fa V7 GEM R TR RIC X 5 L, Fig 12
CRT LI BALENRETE 75 X< T, ¥— 25—
Bl o BUS 23 2T R4 So D90% P E % i3 2 & A
HRRINTVD, T2, NVT A F LV OBESAinp 1L b A
VOBEE R EEHOTEONEETERESB L U5
AHA S5 5N ERER Zg 2D L ICFFMiX 5. ALE
RAERDOELANF R TOIANF—5HhilE T 5 L<h
WEHIRREDOWFIZ L 2 SN BERRE M, —HALES %
R AT S B SN T R L F — 54 %
TaHilig 5. 2L 0NDRE Y B A N5 T-OEES
finy M SIS, 2 OT3:% FvCFig 13)D T35
AT HSE DR 55 T 3V ¥ — i T- OB 5545 % SF4

Neutron Diagnostics for the Energetic Ion Transport Analysis

867

The Japan Society of Plasma Science and Nucl ear Fusion Research

T. Nishitani ez al.

2 7
— i E39672 (a)
ol | : ALE _
B = l
0 —] - B, - '—‘ - —
1 —
= i ' (b)
cs S ;
» o ] ]
I ' !
1
o i
(u H
-, M
C ]
.0 ! !
3 - :
g 5 3= i : .ch3 r/a=0.48 —
o e ; .
S W 2 | chdr/a=058
so e e et gy
q:) o 1 ¢ ! ch5r/a=0.75 —|
c I i
0 1 1 chi ria—0 RA
445 4.5 4.55

Fig. 13 (a): mode amplitude of magnetic fluctuations. (b): Total
neutron emission measured by a fission chamber, (c) the
signals of the neutron emission profile monitor.
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L72b D7 Fig 14 Th 5. TOKHMS, ALEIZE ) @&z 4
WX —RTOERBH BN REE 72 b a s
(54].
1.3.5 /v UFTANCEBTIVT 7 RFHE
TIARHIZMLERDONT V7 7 T2 MET 20
BESTERL, 1 MeV BLEOHHR TV — A %74
WML, COL—H— Ik BIHR b & v v WAL
DPRESHERIED SNT0 L, MBIIT LT 78T

NI | -El ectronic Library Service



The Japan Society of Plasma Science and Nucl ear Fusion Research

Journal of Plasma and Fusion Research  Vol.80, No.10 October 2004

10° I . — BTNT 7 )y ot VRO REMEE TG LGRS
105t ¢ exp -=--= DTN j bh‘fujé. /—,\mtgz)\:@i ')16_:, 7ﬂhi@ﬁ:ﬁ7§‘%<,
e 4 calc — AKN COWMEMEIST VT 7RTHEZRFTHALENVH)IEZET
g€ 107} o TS, ITER 7 7 AT, WEOBVT—%
3 103[ AEND I EHHFESRTV S,
D 402
§1ﬂf 1.4 2ED
310} BUE, ST ARG, BB URAD T X< OBRHCA
1o°r ) TR EHIIEIC o TH Y, T AL F —BERHT & 1,
101 Foo . \ NB A gt dd - 0wk, TAE HoR%EEt, MU b
0 100 200 300 400 500 CRBER SO E RN FEHMEICHVW SR TWwA. ITER
Position, X [mm] T, MoFHIEE CIEREEZ, P4 4 ViR ERE,
L I I | ] HLES np/nr JlE, 2 v 2 F Y FANMIIZE BT VT 7R
12 13 14 15 16 FHEHIZESICAERYEPFEOLN TS, b, %
Neutron Energy (MeV) BB UA BB 2 B0 B i -5H00 - 8% 50 AR O F- 51
BT BN 29DV 22— [57, 58] BT DT
Fig. 15 Neutron spectrum measured with MPR at the JET DT ex- BHEIZENT.
periment, which shows the evidence of the @ knock-on ef-
fect [29].
2 E XK
CHET AMERLTBEELT, FHF/ v o F I TAN [ 1] HS. Bosch and G.H. Hale, Nucl. Fusion 32, 611(1992).
AT PUAIE = B [55]. [ 2] RJ. Hawryluk er al., Phys. Rev. Lett. 72, 3530 (1994).
DT KIS CTHEK LEEOT V7 7RTIE/ v 724 VK [ 3] ].D.Strachan er al., Phys. Rev. Lett. 72, 3526 (1994).

[ 4] M. Keilhacker et al., Nucl. Fusion 39, 209 (1999).
[5] D.L.Jassby and H.H. Towner, Nucl Fusion 16,911 (1976).
[ 6] J.D.Strachan et al., Nucl. Fusion 21, 67 (1981).

iz o sEa Aty DFELET) OEESHEIIC
BEFANVEERL (FLT7 7RTOLF U mashRIC X

HEEAF VWP EFEZTH L), ZOBET AV LN (7] 1.D.Strachan er al., Nucl. Fusion 33,991 (1993).

V7 BA G EORISIZE Y, DT R FIZmE T 1 LA [ 8] G.Gamow,C.L.Critchfield, Theory of the atomic nucleus and
ERTA, COTHSLOEERTFANVEWNET S LITX nuclear energy source, (Oxford Univ, Press, 1949), Chapter
D, TVT 7RAOEE, RESAMBEEECHET AERE 10.

BAZEHNTED. NUZ 44> GEMED D A0k (9] WHISEE, 3 LE®  BRas 77 X<vofli(h)

CRRURZERZ 1980) p38.
[10] H.Brysk, Plasma Phys. 15, 611(1973).
[11] EB. Nieschmit er al., Rev. Sci. Instrum. 59, 1715 (1988).

FRICEBE—LESEED) 1085 DT HHEFOMEELC
LT, ZOEHT A VIFEEFI0 LT THE2D, £

DM B o T, 15MeV 4D ICBEE AL, 14 MeV [12] M. Pillon ef al., Fusion Technol. 15, 1420 (1989).

FHLIANF—ETHENLI A F Ik b FoORE [13] M. Hoek et al., Rev. Sci. Instrum. 63, 885 (1995).

2 hwvd, -3 DT PHEFIC X DRSS L & (14] H.W. Hendel et al., Rev. Sci. Instrum. 61, 1900 (1990).

WEIIIEVEESR R AT LS ESUETH L. WiE [15] O.N.Javis et al., Rev. Sci. Instrum. 63, 4511 (1992).

L LCEAE I & 0 Rl 2 oL oL 3 — [wjimmmma%Rwsqmmmun&mawm

PR A BT 5 AT VF 2 ¥ 53— [56]DHRE ST o [17] glfnl(;(;; Ito and E. Seki, , IEEE Trans. Nucl. Sci. NS-29,

B, FEBRBEMTHE. BELLTEIPEHTICLEK [w]ﬁéﬁ%h&mam%%ﬁuwm

BEB T~ = 4OV F — H B AT 8% CIAE S B DUBkR 1R [19] T. Nishitani er al., Rev. Sci. Instrum. 70, 1141 (1999).

BHARY NAA—FBHENTHY, EBEJET © DT EB [20] L.C.Johnson et al., Rev. Sci. Instrum. 63, 4517 (1992).

TEET A NVOWED RS NT2[29]. [21] ON. Javis et al., Fusion Eng. Des. 34-35. 59 (1997).
ORI TRESANZ PO A—%12X 0 JETD [22] ON. Javis and S. Conroy, Plasma Phys. Control. Fusion

DT REU B CliE S AL, HHEFEANF -2 AT b (23] ?4},(13?151’116(3?212). Rev. Sci. Instrum. 68, 581 (1997)

V% Fig. 15278 BNV 2 4 4 ¥ (E— A8 E) [24] W.W. Heidbrink et al., Nucl. Fusion 23, 917 (1983).

\2&% DT T, EMDT N T 7/ v 7k 2L Btk 125] G. Gorini er al,, Rev. Sci. Instrum. 68, 561 (1997).

FOLANF =AY PVORIREETH L. TVT 7/ [26] L.Ballabio er al., Rev. Sci. Instrum. 68, 585 (1997).

IF VBRI BEED/TAF O ANF G4 EE [27] G.A. Wurden et al., Rev. Sci. Instrum. 66, 901 (1995).

CBWTIE, 7—orEELC X AW TR <, B (28] M. Osakabe er al,, Rev. Sci. Instrum. 66, 921 (1995).
LAMEALL ZE L7z, Wb 2 E TR EELT AR % I L [29] G. Ericsson et al., Rev. Sci. Instrum. 72, 759 (2001).

[30] M. Hoek er al., Nucl. Instr. Meth. A322,248 (1992).
[31] A.V.Krasilnikov et al., Rev. Sci. Instrum. 68, 553 (1997).
[32] T. Nishitani et al., Nucl. Fusion 34, 1069 (1994).

TW5. JlEX 155 MeV B EDZARY RV, HEHHS
EREL, E62&HKREVH, DTRILTRELZZT NV
77 RT (FOBEBFHOT L7 R FELED) 12X

868

NI | -El ectronic Library Service



The Japan Society of Plasma Science and Nucl ear Fusion Research

Lecture Note

[33]
[34]
[35]

M. Mori et al., Nucl. Fusion 34, 1045 (1994).
W.W. Heidbrink er al., Nucl. Fusion 28, 1987 (1988).
W.W. Heidbrink et al., Phys. Fluids B2, 4 (1990).

Neutron Diagnostics for the Energetic Ton Transport Analysis

T. Nishitani et al.

[47] T.H. Stix, Plasma Physics, 14, 367(1972).
[48] R.J. Goldston and P. H. Rutherford, Introduction to Plasma

Physics, Institute of Physics Publishing, (Bristol and Phila-

[36] W.W.Heidbrink er al., Phys. Fluids B3, 3167 (1991). delphia, 1995).
[37] E.Ruskov et al, Nucl. Fusion 35, 1099 (1995). [49] D.J.Sigmar eral, Phys. Fluids B 4, 1506 (1992).
[38] K. Tobita e al., Nucl. Fusion 34, 1097 (1994). [50] H.Kimura et al., Nucl. Fusion 38, 1303 (1998).
[(39] M. Isobe et al., Nucl. Fusion 37, 437 (1997). [51] Y.Kusama et al., Nucl. Fusion 39, 1837 (1999).
[40] M. Isobe et al., Rev. Sci. Instrum. 68, 532 (1997). [52] K. Shinohara et al., Nucl. Fusion 41, 603 (2001), K. Shino-
[41] M.Isobe ez al, Nucl. Fusion 41, 127 (2001). hara et al., Nucl. Fusion 42, 942 (2002).
[42] K. Tanieral., ]. Phys. Soc. Jpn. 50, 1726 (1981). [53] M.Ishikawa et al., Rev. Sci. Instrum.73, 4273 (2002) .
[43] T, Nishitani er al., Plasma Phys. Control. Fusion 38, 355 [54] M.Ishikawa et al., submirted to Nuclear Fusion.
(1996). [55] J.Kallne et al., Diagnostics for Thermonuclear Experimental
[44] T, Nishitani et al., Fusion Eng. Des. 34-35, 563 (1997). Reactor (Prenum, New York, 1996) p.397.
[45] H.Harano, ]J. Plasma Fusion Res. 72, 681 (1996). [56] RXK.Fischer eral., Rev. Sci. Instrum. 72, 796 (2001).

[46] D.V.Sivukhin, Review of Plasma Physics, vol4, (Consult-

ants Bureau, New York, 1966).

TR AL SIS A )

(LA P S

19804F U K KA LRI AR -5
LAlss-H 38T, LAt HARR
TR T, JT-600F % E OB
%, JT607 5 X< ok Ti#l, ITER
RIS E O BRBIFRICHESE. 20014 X 0 H AR gesr
Bt LERSE R, KEREBEXEOEICFEOH
PE-5HH)E & 7 Ignition before retirement!" % &\ 5 E M
LT, ZORCEEOERNL &> ELRICE->TE

7245 HIOETY.

L(/) e 29

%

HAJE T RS IRBIBF e 7 5 X% )
ERGHINBAR S, RN |
BT, Bt JFT-2M 2T O-mode
3 MEARSEtOBE, RS+ TO—TD
I B, JT-6012T X-mode HIBIR4FH O Ak, NSTX (PPPL) |
CTREERIEIC L 2S5 F v v A VR TR S OR
i ROV THNE, TOBFEICE C ORISR A fE> T, 1
ISV OEEIRFOFHNE AT o Tz, Bk, TNy

B E— FEOEHEA F VAOYHIZHKREF> TS, |
HeAE—2%o T RE (FEOOMTF) EMEOMEL ¢
VAR

869

CRIER A L~ R, DL

D MR T T b
$i$i%§m WJUAH @tﬁf&)é

L RO
¢ RTLH - F B ERo T

SO At ok CHET, BEADERYE b
T =952, (FHYyyh—2) ZBHRTNDS,

[57] ON. Jarvis, Plasma Phys. Control. Fusion 36, 209 (1994).
[

58] G.J. Sadler et al., Fusion Technol. 18, 556 (1990).

B2 X 3 i
£ B L B
1995 A BRI 7 K BERFE R 20 7e R

ﬂ“ﬂ;@&ﬁt%ﬁ%T A
F4E, HARHRRAT KRN Y B VRS
77 X< BRI T & L CTET. W

PR E— L
W& BT IAROMBIIEbBET (K- 2DEENLT |
FGAHOY - 2O LADFME T) ONFEICEDD
UANRIIBTAEIANVE R TORLADERLE LT
. [EBREEIBAlZEY P —ICH

LN

wL oAb F% 0B

Ak 5

20034 LA AL R T. HA
TR - R, Bept. BUE
1 JT-6012 35 C bk T3 T s PR T3
W EE2HNTT I ARPDOFELANF— |
EHLTHIEZ BT 5. BRIEAK— & |
Lokt |
CNyVa®F (R
Vo

H—HDOA—IN—=RA % —, o~ b

’

NI | -El ectronic Library Service



