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Gate control
Pre
Attenuator Sample Amp
Phase Sensitive Detector
> REF RFIK
0 90
\V4
LPF LPF
X Y Trigger
Oscilloscope

M 3.1 BERRERO T2y 2 FAT 77 A
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3.3.2 HoFiLtNL
HoTILENL

KRICAWEF T AL OFEREZ R 3.2 1I27R7T, BEALDORKAS%E
OFC TlE-Th D, BAREKL ‘He L OBYEELZ I THdDIZ, D
VR —EREBCEDTHD (0. 1cm® HBE65%). EAHNDEEIL,
BXF 54cm® H A2, HKiL ‘He # 1.8cm?® I F U AT AET T, Y
FNERDO R T U AF a—H B He b+ ans L2 LTh B,
Aerogel 1, AN—H—IZIZHEN T UV AF 2 —BRIFTIZER T 5
NBE3TLTHB, T, FF AT a2—HFD—FhbiThi &,
HHI—FT, FETEBLIHCLTHD, LT, AN—P—DEIMN
B DOCHERBE L 2%, AN—P—DE I LIZ,

bulk *He 4.070mm
92.6% Aerogel 4.070mm
94.0% Aerogel 2.974mm

ThbH, NERTRTT7.0mm TH5B,

F S AT 2P, BLF 10MHz OBEEHCRE O BV LINDO; %
HAuz, B 10mm. 727747 7 4mm TH 5, XEER TX, 10MHz
B TEEEERES LT, RbRERMEEVELNL0.7TIMHz ZAWT
HET B,

‘He Gas Handling System

P INEMI He B F U AT HEE | R, YT RADES
Fo=R—ICHAWD, 100 DF 7 ICBEE latm O *He R % AN
TEL, #IEN, trap 2N 5 Z & TH I ARIHIKEDO R A TEIL
RERVE I LTH D, HIEN, trap i 1/8 A »FHE, BLEZ 2.5m
oMb, $l, aVFLrATHET, F¥EF U —% 1K pot iz Lo
DEAT o A— L TBBEEDD, ZOEBTOI T UVADAEY—F
iX. GHS 230.8atm, 1K pot 32K D & & | BLZ 0.3ecm®*/h TH 3,

14
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3.4 BHERE

3.4.1 RITHEERIE
EERDMHERE

2N RROFEHB AP O DR E CEET 5 OICET AREERIE
THIET, BEE kDB ENTEL, BlORIFLELEEE, &
1xa—%28R$ 5% TORRE T(RITRME) L 0. HFvid

u=§ (3.1)

ZOT, REDTRLL TEWT RN & & LT, ARRIE LR b
TR ERIET 2358, PSD @il ¥ 2RiC. PSD ORFALILEE O
ek, BEMMEFT LY., BEE04us G BB B I LEBR LTI
oy, £, MHBEEEZ LESS, S50 h ERY REEkch
D, BEE +02us DEERELTLE S, THIPECRELT, BX
% £3m/s DRRZEITHLE T 5, T0OD. ZOFEET TR, TEEBE
WHIES D Z LV,

3.4.2 LIfBREGE
ST L ZFEOENELOAE

HOEEREREL. TINoDMEELZBRT A LT, FED
BT EEL Z LB TED, ZOHFEEERORFELEZERIZI W
FETHETH I LATE D, MIEOFEBIILTOL S 275,

9. alEE%

Vo = cos (wt) (3.2)
Voo == sin (wt) (3.3)

9D, —FH., ABrLDESE
Vo =g (t, ) cos [w ( - —Z) + 5] (3.4)

ETB, ZZT RN UARTFa—H DL ZATAELBMHEELTSH B,
b DEFIEPSD TR &b &,

X =WV, = g(¢,x) cos (wt) cos [w (t - i:j-) + 5]

16

31



= .;.g (1, z) [cos (th — %ic- + 6) + cos (%:E —'5)} (3.5)

Y = VeV, = g (¢, ) sin (wt) cos [w( —%) +5]

= %g (t, ) [sin (2wt — % + 6) +sin (% - 5)] (3.6)

é%wu—ﬂz74W5~%ET:£K$Dﬁﬁﬁﬁ%%ﬁyF?éo

1 W

X = 59(t,5) cos (7 - 5) (3.7)
1 . fwz

Y = 59 (t,z)sin (—U— - 6) (3.8)

“prE. FIBA, KA 6L
A=VEFVI= %g (t, ) (3.9)
oYY _wT
6 = tan (E) =2 (3.10)

L s,
“hkb. RS HESATOMMBEENEN O 01, HFHEE v, 1s
FATRERAE 10, T & T 5 & T OEDEHE Av i,

L 6, — 6o
wo [1 + (82 — bo) /wo]

(3.11)

&5,

RARIRRIC & 5B EDEHEDE

AEBR T, T, TATREEECEEOHRMEE RD T D,

LaL. RHEREETY, HHOBMEERD DI EBTE H, £,
T OFEE. MEAEREPT I LN TEREENELLTEINRIED D,
L, B2ra—f( CRETH LD, FEROBEHBKRE VWL EHE
TERVWRR LD D,

17
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9, BEROREEYE(LEXEEEOMEOL{LEE LA, F3.10
L0, HBlxza— Frxa—FhFh.

46y _L_dh (3.12)

dw ) v dw )

d L ds,

vy _ L 4o 3.13
(dw)z v dw ( )

IZTC RRAIL N v AT o —YTREXAIHEELTHBDT,
dé, dé;
i i (3.14)

LA, LoT. BHER,

(3.15)

&35,

3.4.3 RINEREHE

B OREIE, HETOEEBE Ao(dB). A(dB) &5 &, MIEHET
DE(CE ap(dB). O+ TV AF 2 — P REREIC L 5 1 X% a;(dB)
&5 L, RIEEIK o(dB/cm) i

a=(Ao— A1 +a—al)/L (3.16)

ZIZT, ol EEHe DRI L D RDH B,

R R ET 2 T A FITREEZEEL TfTo
FHRERW, MIVAF 22—V DESLV_ULRAERKICL - TRR2ZDT
ERELRZSTTER2LARN, £, BEXEELTHRNWE, FUELE
YRR —FTTRe—UF LT AN, AL T, ZEEDE
FELV/IAELEL-TLE S,

18
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4.1 “*He

EFFHDIC, TF P EESERVERER ‘tHe DRIELRIT -T2 &
ERIT, D TOEET, 254 FRAE v b FrFrel, MES 2
7 LAEORRLIKNDTNDS,

BEMECE, BREx be—F—B8H0nohTELT, EERRLE
FOFNRN P A—FEHOCEELRFETT o, 77AF RSy
rOBEEIZTEN TH oo, REOZEENEY, BRI, b
HY—BE, MEEITOLEND DL EBbhD,

&

9, PITREREIC L 552 R 41177, 2k, BEDICHRE &
FEIE—FELTWa,

Wi, 30KZ20=0¢Lictk OB LEFR42I7T, 2.17~2.18K
2. BRI EK > TEZAFHEROE 6, fIHATEOFENR L
W3, ZOMHAESICEESY 52T, FEROBMNMECERT S, 46,
He DFEIDBEOILIHRDHiT-E VD> TWEOT, EHERIL, 3.0K,
218m/s Wz, Tk v, AHEHEERIC X ZFERE K437,

RIEIRE (0.5K) COFENMED 238m/s £ B —HL TWHDT,
ELWEHEAER T L HE LR,

19
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AR

ERORINZRK 4.51077, IKFIETOT74+ /0 hrOFHRICE
BRRDOLE—7 &, BREBERER TCORNOE—I7BiT-E W RLNE,
LA L, £EMIZREDOIES 2B KEN, TOEMBAE LT, BECK
EMRL o Z LB LIT oD, RiEA ZALERE L (XY) By
hhRDIEED, FUELFRAT—TTCTRL—U5FWAR., BEE
BEERT, EOBDMAELS, RESEELELOLEZELILNS,

T, ZhC, P AT a—oERR Y TOeR o BER IR
TV, BMEOICRIZL B & LK IEOWIREGT 5dB/cm AT ¢
bHB, TNEEHLT, o, 13dB L{RET 2, Zh kv, RINAESIT,
K45 &5, g, ZNnEZEL T, Aerogel P TOHK *He ORILR
ERD B,
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Sound Velocity (m/s)

Temperature (K)

X 4.1: #E *He OEFH (FRATHREEIE)
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Phase Sift (rad)
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Sound Velocity (m/s)

250

240

230

220

210

200

190

180

170

. L} T l T 1 1 I LELIE L I L L] I LI L} I erar i T F T 1 [ T 1T F ¥ l LB i
- Q ]
- N ]
ol o] ]
- (@] i
- 4He o ]
- 9.71MH:z o
[ SVP o
: L1l 1 I 11 L1 I 1 1 LA ' 11 1 i ] I 1 1 1 1 l I 1 i 1 ] ‘! 1 1 1 l I 1 I B l L1 [ | ]
00 05 10 15 20 25 30 35 40 45

Temperature (K)

(0 4.3: *He OREE T OTE (MARREE)
%% 3.0K 218m/s

38



24
22
20
g
=
% 18
2
2
< 16
14
12
‘He OURIY :

LERLEACA ML R A M

L B B I S L B ]
4He §
o 9.71NHz
SVP 7
o ]

F T T I 1 T T I ¥ T 1 [ 1 T L] l T ] 1 I T 1

'R ST T A AU SN T N SO A 0 N VOO T Y N T (R T T N T SO VO Y N0 T Y Y Y N1

0.0 0.5 1.0 1.5 20 2.5 30 35 4.0 4.5

Temperature (K)

4.4: He DWEIY
FEL, ThICRAEZE TR AL EERN TS, ‘He D

R E, &% 10MHz OBEE TR, LKA T 1dB/cm LT TH D,
FOoTHIEZROARRBLEFI3dBEENT WA LELDZ LN TES,
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Attenuation (dB/cm)

25
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4.2 *‘He in 92.6% Aerogel

HEMEDL. FEREETIZNAERN kA —F &2 O CHEAE S %
TiTofc, BRBRENLD, FEWNEL LY, /4 ZXBKEN,

BiE

AATRRHIRIZ & 2T RE (K4.6) &L v, FHEA%, 1.50K, 248m/s &
LT, MBS EAVWD &, THERRKATOL S0k b, TEIE, bulk
‘He [~ <, FEOEMBEERIT/NE W,

EHOR/ N 2.166~2.170K iZ R, 5117, bulk *He DEER T, 2.170
~2.180K T o7z, Aerogel HT%, BINEMEE & & F RO/ NR—EF
DHDERET D&, bulk ‘He D & & Z~_T, BROIGREASETL
TWBZ EXbhb,

RN £ 3

BN EREE A K 4.8 1277 T, bulk 4He lZEn~_ T, @&/ hi ) K& 2l
WARE R R > T B, BRENEE ML TORIN O B — 2 128 S i
A, 1K FHEToOE— 2 ZEHE 2 hPtic, 15K BE»LIER TIRIF—8D
IR A375 iz, bulk *He TO Tt OIRERTAEL 13K E S B -T
W5, —H T, 3BKFEICRELRINO L — 2 BB ST, £7=. 8
HREEBR CORROY—2 &, FEOB/OBRET, —HLTW3,
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Sound Velocity (m/s)
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Sound Velocity {m/s)
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Attenuation (dB/cm)
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4.3 *He in 94.0% Aerogel

LEFLEED 92.6% D Aerogel D & x| BIRMBKE W=D S/NEEBE D, MR
ITRERI PRI R B ORI /A ZERKELSBELCLE -, §H, £
DEFERE LT, A=Y —% 4.07mm 5> 5, 2.974mm {235 L, FiE
DR E< LTHRIE L, ¥/, Pre Amp %*. Gain #3425dB 2>
b, +46dB OHDIZATM LT, ZHIZE Y, S/NDRERFHDZZ EHT
&, A XL 2o T,

94.0%IL, - 2EHIE LA, 1EHIE, AERIC, BFc—F—»»ih
Fele®, BEORZENEL ., flECEL xRN Do/, 1BIEL2EIA D
EEE LEESR/ONTWE DT, 2BIBORIEE b->TERT B

=i
ATIRFEIEIC L 2 FHWE (K4.9) X v, EHEHE, 1.50K, 230m/s &
LT, fifAREEZRAVWsE, M4100 X 52k 3,

FEON L, 2.169K iz@8# X/, bulk *He & &} 2.17~2.18K
OMIZBRIENTZDICHEART, ERICEE L TWhWA T Lilb,3,

4

WA 41177, BEa ba—5—2HNWSZ L TRED
ZEHPELAEZELHY, ERFCBERSBETE TN,

FRIL, 92.6% k. BIRBMERR RN DO v¥— 7 BFEET S, L
ML, BRIROE—I N, FEHOBNH LT, BXF2mK&RICThT
Wh, i, 33KIFICR26%D L&D L5 RN — 7 IFBHE N
Dofeil, D LRIAKE S 2o T b,

Fo, ZORPTH IKIEZEOWRN O v— 27 13 @i S 4, B
Bh, RE L & HIZRIRENREL Licnb, BEXF1IKUTORET
IR BS —TE & 7 o7z,
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Sound Velocity (m/s)

240

F T T T 1 | T 17711 l LR L LS [ T T rT l rrri [ T I 1T | T F 1T T | T 1 F F l TT T i

: %008 OOO ]

- 000g ]

i 5 0 |

N =) ]

20 - %900 8o .
L o0 d

: Booo e :

C 0o |

210 N 008 ]
» o) o0 i

- 0 o .

200 - o® i
5 90 i

i 8

- Porosity 94.0% S 1

190 - 971MHz ]
_ SV‘P .

180 3 114 1 ' 11 1 1 l L1 1.1 I 1.1 .11 l | N . l 11 1 I - S ] I i 1 1 I 1 & 1 1 i
00 05 10 15 20 25 30 35 40 45

Temperatuce (K)

B 4.9: Aerogel(Porosity 94.0%) Dk ‘He 0 (FRATREHIEE)

31



Sound Velocity (m/s)
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Attenuation (dB/em)
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5.1 AerogelH CTOE

Aerogel P TOFEE | BHOWR., FEMRICST TEZ D,
ET. —BRORBEEAEZRD RO FEL,

K
C? =" 5.1
5 (5.1)

EEFTIENRTED, ZIT, KiZBEE, piliktkoBEch 5,

5.1.1 Eishd

EWREHRICRW T, & *He 1LEE OWE L Rk, BiER L g
WD, T, HE pld Aerogel DEE p, bEDH T,

P = pa+ PPHe (5.2)
L2d, D&, £EOBME KX,

K = Ka. + pKHe
= Clp. +0Cipu. (5.3)
Ihiy, BER0TERIKRATERES,

02 - Cazpa- +pCHzepHe (5 4)
Pa + PPHe .
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5.1.2 BREIE

HIREHAH TIX, 2ETil~7= J. D. Maynard et al D EF/VICHEG S &
BHo N2.17 XD

Ct = C* (0 + ) + O G + % (¢*-c?)(c*-c2) =0

COXKFTERADOBOENEEN, F1FREF4FEOFHOTET
HY., Acrogel FTDERF & 425,

249 T 12T

ZIT, ARRNTF A —HF T Aerogel DEFE C, TH B,

£ KRZROYV I NAEATIH, Aerogel KT OFEZMETH &
L TERDoT, FOEMAE LT, Aecrogel HFIIEFERICHRORINAS K X
WZ k| iz, Aerogel & T UAF a—HREE L THRWLHERNME
DO TNWRNWATRMERHD Z B LiFbhd, Z 2 Tid, 92.6% Aerogel @
FHE 2 260m/s,255m/5,250m/s, 94.0% Aerogel DF#H % 215m/s,210m/s
EIRFELT, 749747 %3{Thotz, ZHREKEL RS LFHINGE
{725 Z &1, Aerogel DEROBEMRFEEL —H LT3, T, BE
@ Aerogel DEFRT —F L EROMIHEICFE IR, FRFhOT7 1o
T4 Lieb 0¥k X5.3(92.6%), X 5.4(94.0%) I,

L22L, ZZT, 92.6%%D Aerogel {ZEBV T, Maynard et al DEF /L
(CEERDE DD, ZOETFADLEZD L, Cu>CylryoPE &, 1k
FAFEOPFROETR L, To0T, Cu=C, &3, £in, H2HFEITE
BLLZFHEE, T—0 T, Coy=C4y VX 3 ([Zl 5.1 72:&‘3‘)0 (Ca <C4 |T=g D]
EE,TH0T, Bl LPAFROFRDERE Cra=Cy, 52 FIITHH
L7z, Cou=C, &£725, (H5.28H)) fRIZ ‘He 25, T=0T, ps/p=1
THEAS A2 <720, Aerogel LML LTHEERERBZAIBDEER B
&, C1y=Cy(=Cy) &R0 T=FN, B TE 3,

TNTIE, REBROFBERIIEITHAS, To0DE &, Cuy oC, T
372, Cyy —C, DWEEMEIEH 2 b DD, Maynard et al DEF L Tit,
FEOTH0 & T=217 D & & DEMR, FROMER LT RE S,

T, 94.0%D L ZICHDWTEZLTHD, Zhd, Maynard et al
DEFT NV TIHERBBEAERIZR o7z, Z 2T, Maynard et al it, JIE
TEREIEAS 13~18K THY, Z b IDTEFLFEINE, DFD .
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BIFENZISEIG TE 0% Lz S, mBiEiE < DiREEE T, ¥
T A ERRLA,

T bHEh, Aerogel FTOBHREMESE OREMKFIES, bulk ‘He & [BHE
i, T=0Tp,/p =1 LIRELTNBR, ZTHARRSI LTV TR
HEhDH, 7. Aerogel FTIE, 0BKITHETHEFTERELLTNT,
bulk DFHEE R D, Zhid, 05K EECOBREEE R, buk T
IE—ETHLDIZH LT, Acrogel P CIIEL L T AA[5eERNHB Z &
ERLTNWS, ZhadlbhsRWRBY, Maynard et al DEFAZH N3
TEMTEDZREI LD LRY, EBLIZ L THHEME T, Aerogel
FCOBKBEEILX, SREMRKTCHEIITHWRY, S%OBFFTHEE
ELTHIR/LEWY,

e, BRBEIZOWTIE, BED T AT 4 IDEFLT, Th %
—HEWTT=42KZR5 &, ETFTNEFEROBIZ, 5m/s BEDEN
ALTLES, ZOEBLELT, BERENELLNEHE, 25z
WTHHIHIDPLEBEZCAHDLERD S,
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Sound Velocity (m/s)
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Sound Velocity (m/s)
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i
i
!
!

O  4Hein Aerogel (94.0%)
==== fitting Ca=215 m/s
mmmemem fitting Ca=210 mfs

s v by v Uy v g by v by sy Ve s by s by by gy

porosity 94.0%

9.71MHz
SVP

L v ¢ 51

190
0.0

0.5

10

L5

20 2.5

Temperature (K)

3.0

3.5

4.0

5.4: Aerogel(Porosity 94.0%) H DK{E *He D& 3 fitting
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5.2 HEiREEziEa

FIEN OB AL, Cernox BEFIOBIEICL D FTo X 52
E i,

“He 2.17~2.18K
92.6% 2.166~2.170K
94.0% 2.169K

PR ‘He T, BRENEE A OMEHEDEMERBIEIX+21T 2 TV AR
75, Aerogel F COEEE R L ITERIC TR - TWAE Z b 3,

ZHE, Chanet aliC LHZFEBRTHRINNTEY, Sz X 5 &, Aero-
gel iCL > TEHBDEHENEDI, 2b—VL I ARSI EN LT
HHE, ATV,
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5.3 Aecrogel F THORIX
BRBER A

Aerogel 1 C%H bulk “He E#kICRINOE—2 2, v —FIZHFEET B,
AerogellX, 77 7 X NRREERF->TEY, £4DEWRT, K& &HR
25, FOD, ARNOEK T, BIlOBREBERERE/R LIRET S
L RO —ZBEeNIRDILEEEZEND, L L, Bl —2
By —7ThHB, Zhix, TRTOMERTRBHZERIO ¥—7 2
7T, BlREDL TR TOEETRMRIEZ > TNBH Z ¢ 2HE LTV 5,

WIZ, 94.0%D & & | BREERE ROEFEORIN O ©¥°— 2 23, FEDORE/
L C2mK SBRICThEREIESWTE 25, #il tHe Tld, B
BEVEFIZRROE—~2BH 32 EB8bhaTna 7D, Zhix, ¥
DOREBEEIIEELTEY, BL# 10MHz 0Tk Tid. TS,
F1EFRICTSIZBMTCE 201 LT, BFHBIRGMN, 2b—1 A
RBEE B2EROEE R v b LnL &,

T ~ g/’ljz (55)

BEOHERTCLMMBRTE R, Zh kv, BB & FiEks
OAAEBRTI T, F1FEFF2FRIIBREINTLE S, FOD., B
1FEDFNR—RNEIFTHLE L TOALTLES =0, Blvor—2
PERER LD T ERIZEL 5,

L2 L, SEIOFR TR, B TReL, SRicThTnsg, £/, 4—
F—H IHTREN, LoT, 2 FREE XS 28, SETETZ, bulk
‘He TORRBEREZREIZRE TE TWHi2Y, Zhids Aerogel @ 22821
BorZtrod, Bx0BEBORELO, LB,

HBIREE

HEREHIcR T 5747 0 b LB EETH B8, bulk ‘He @
LEDX I RWIND ¥ — 27 73 Aerogel FTH X720, ZOFEM, v bk
VBRI NR N DD, Acrogel 1T & AWML K EF WV -HIZENT
LESTWHDO0, bbby, B L. Aecrogel F TOHkE tHe D
YT HELOFTERR ) TiX, BET LK OHi-ize OB R
Ao T B,

iz, RIRM T, RURES—E L R DREIZI2NTEL S, £, 71
k| Aerogel DVERIEBITRESZS XD, 74/ Vi, BRIz 30E
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n, FWABTERRE 2D, —F. Aerogel DEHH RITRIX, HiE
WEoTHED, ZBILERRKENVIEFIEREL 2D, 74/ OFBHEH
172D, Aerogel D EHBITELV/NEWEE, 74/ T4/ VL
FEEAE AN, EBRICRZZ EICXY, 74/ L OEHE BITERS.
Aerogel DIEHEBITR IV RELRD E, 73/ V-7 4/ VEELER
RHEIEN, 74/ - =7l VREERNREZA LS RBE, Ta
J v T4 7 CHENC L DBRIRAET. THICRETHOIHE LT, 74
J v =T u Y VEEL L, Aerogel OffETCIRE D7D, BAEICEKEFEL
2V, ZHICEY, REET, RGBEN—TBILRDEELOND, £
7o, ZEFLEBRRKEWT Y, Aerogel DB RITERNBKEL 2D, 74/
VT el VIREBREZ I b, Ik, ERLERREIVE
¥, L0EET, RINA—FIZ2D, FERIERL/HEL<2DLE 2
Litd,

L%, BIpoT-BILED Acrogel TFAVWD Z & T, FEE L T KER
H5,

HIiE4E

33K EDWIGZHPNWTE LD, Z 2 Tid, 92.6%& 94.0%D Aerogel
T 3.3K OWRIVREBOELIT KEZREOLREH D, ZiiL, Aerogel DG
BEEL TS AREER RE W, 5%, 92.6% L 94.0% D PR OZEFLEE
{50 Aerogel ®°, LV EWEILEZE D Aerogel ZFHNDZ & T, DR
FIZOWTHEIH LT BER D B,
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FOE FLOH

AHFFRORF L LTI, Aerogel R TOFEE 0.5~4.2K ORETAKZ
TARTHETE LI LB ETFEN 3,

LT, HEOERBE, TEOWE T BRI RMERIZTMR S
T EEFER LT, E7, Aerogel PTHREMEEERE RICBWHOTHRINO B —
IRHB Lnbhol, —HT, B brOBRIZLDIBEROE—I K
FERR T E R0, KIRT, BMINEENR—EI o, i, WHH
HT, BNOE—7 BRI,

SHOFEL LTI, EREMHE. FWREEE bz, TE., B A D
2 ALERATHALENRD B, Maynard et al DEFILET TIE, RS
Thad, SEORBEECLIHIBERARDEX TR Tkl blzn
U, RHEEELERL T A0 Lz, ich, Aerogel F ORI
BBERLE, WAWARFENDL, FE, RNE BICHRTEL THLHE
B D,

S, ToTVidhidRblanz L L LT, b H—F, #iki‘He
THUETZZLETY 77 L RAE Lo S BERANERH L, £, Z
HEDR2 D Aerogel ZAVD Z & T, FHLORIARE, BHEHERE RO
P ERTFIE R AT A HLEN H B,
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)

f18% 1 : Frequency Divider
K2 X Pulse Generator M{ERK

frequency divider & pulse generator iZ¥k &« OWFEEETHIEL =,

FEEFEREG, EERETRLTREL, BRI, ICOMHEZEE LT
2<TH, ICHOEEEEROEIEN CHEIZRDD L 5 LTH B,
F 7z, frequency divider (Z-2V VT, box D IC DEFIHR L THBW
(ZHhiZ, —BITLIRVDT, EVETLEIT, £xBLTIHEZW),

KR TIZ10MHz 28 5 729, ICIREBABICRONbOER NI L,
Exid, EICAS VI —XEHWTEELE,

AEERTIX, frequency divider MHFI1X, clock % pulse generater {2 A
73 L T, boxcar trigger &7 P ¥ AT md trigger ¥ LTAHLTNB,



Frequency Divider [EIFX

£0

Bop @ 3%
A 3 F :a_q}
o @ %
AA wF 1w 1050 e
AD -
~ G
A: 1 ASER8
&
a @ ASO0 BCDA A o FER4r
=
B @ {':']'f
A »F ::Iﬁ*{t>""
e @ 47
EA wF {'—M
AD -
-~ G
A3
5 |
a7 @)
1 ¢ gl————
ASE8E X2 K@f CLOCK 173
aEsr 7R 8[™]
P T | z Q,8M I
g @ -Q... ~ 1 oF Boxcar
al Qo AT e Q trigger A
o ame Plo
AS162 %4 bt Boxcar
. . -3
108830 72 & E:{@Q_"_ Baseline HiZh
CLEAR IR
4 F T 2500 4500 e AT
g Q| i@q trigger A
;;_ CLEAR P
wh - oMl — 1%
LWGRTY Ay—F ¥y F F112%2

I AS162
SiEh O
AN
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ICE & ]
R -5 -
[@162] [@ 162] (@ 162! @ 162] B — LOV)
[ o0l [@® 688 [@ 688 Bl
10KQ X 4 X 4
[ o0] @112} [@112]
B = ya CLOCK WA
. BCD AAvF O/ O—— Boxcar
o |@le|elo 6 O gff; tH
O —— . B
ya'-o N trigger HH5J
\ Boxcar
Baseline 71
H B

Boxcar trigger

CLOCK _JUUUUUUUUUL £7(10240%Xn)

J1LIM I 1L LT L £7(20480 xn)

Boxcar Baseline |

HIFIE trigger |

[

| lr £(40960 X n)

f: NSRBI
n: oL —0fE
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L2

Pulse Generator  csozmmyzmm

C
02 300
@

pF

in S

@ LT 1

A 100k 10EKE RFtas x

wmlmmﬁ_!m_mmﬁ 10kQ 0+51-100-
~—— 150-200-240 kQ EH

ATy F OB 5,

7

Dirmqub I IFIRAT L —2ERRERLNT,
BOLSGMEEHED,

CoTHRHETEHETI T254L5127 5,
oo,

TeeR-C
FULERMERIbSE Sk, TEWNT 5.
LML, SE i,

Rz OEEERF 32008,
WRERERS DI,

ERAMELL{ IO,

E i FaRY i ] F o

FLREEFERNT, BBLACTIEREALN,
BRELTIH.EDKSITLS,

XK EBBERANST=0
WMM100K QRIELY,
R

Rlvi= IC-§E$HT &
IC 7402,74128

EHT 10k,51k,100k,150k,

200k,240k,10M Q2

100k Q 10E 85T 23

i HAA—F

FEEEHKR) TOKEEHE( 4 sec)

0
51
100
150
200
240

0~ 14
12 ~ 286
22 ~ 38
33 ~ 48
43 ~ 58
51 ~ 68

out
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EWEMEBEIIERE, ImKUTOREEREMRT I LN HEIM—DFETH S,
BAY R BEERLT A7 45 7L 1934 48, Gorter IZ k- TERE XN, FENL Kurti i
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F, BMBERBLT, SR BHAM L LTHWAEEETE L T Lounasma I2 & - T2ER
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igote, £OE, HRAPOFRRICBO Thia & IBWEREEES BR &, BISESES
DHFHEE T DL Lirote, FRBEBEY, BEE<7Fy b OMEILELE
YBICHMELTETEY, FEERAT-VoBRLEEBEEEh D55, BRATOEE
BRI, A IBETH Rh 0% 250pKY £ TAHL, BFRETIISHDER
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e EARICELY, TRECIRERTEERCBELHEITE 3BEHSSEENIE
i S, RS TE, SH, BERAREHL L TELELHVWLNEREDE
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1 BERREBIEDRE
L1l #&mH

BAY I, BREKT— AV U= lng ] OFRFEOEHN nmol, BiE BHIcHH L

T5, FO&EOHEMEE Z 1k
7 = [E exp(—pngnt/kBTn)] : (1.1)
m=—1

LRED, TONEEEN LTy r—ik S, = kpd(T,In Z)/0T, k2 & b

I ' TLNU

S, = z (2I+1)z (2 + Dz
%—RS—ECOJG}]E— o7 coth %
L2+, oz
+1n [smh 5T / sinh o] (1.2)

kiki Z)o R Ei'ﬁbﬁiﬁiﬁﬁ; I = #ngnIB/(kBTn) -—6‘5) 50 ':bﬁ‘d:t O'n. - Tnasn/aTn ct U Td%
HHID,
RN, uB < kpT M RRNT B HIEHP TR

A(B? + a?)
A(B? + a?)
= 7 1.4
Cn ol (.4)
A = nNoI(I + Vpoprgs/ (3ks) (1.5)

YirA, TITalEAY REIc@< dipole MEERAIC L o TAEL ARHESE TH D,
DL I, =¥ ha—E ki (B/T): 0B0BEC% 5,

Y EDEHE L O WP CEETE ABORBRELZ R D, MHKENEE B, B
ET 0rx, WA ERMZITPh S, T72b5 S =const. &L T

| Bf + a?

LB, ZOHPDBERESEEE I LTHIEER
Tf,min ~ G'Ti/Bi (17)

EFTLOTHBLR, BENRNEREEOEME, S =const. i, B/T DLBA—ETHD
LEEEKTA, LoTERTO B/T OLbik, WigWERE: & oRERANICITHh T
Bk, COBREFERBTHINOREL 2D,

1



12 BAE

WEEEEHHTIZL2EXDE, BDEEER, EBTR, BFRIIHITELINE
Bbd, Lirl, BIFROTY b o - 3BEREES TIIEETE 3L /A EV0T, L
T@%ﬁ?ﬂm%&%%%ma%%iéu&%%HH&LT%%%%%%%@?:&&&
MEE NS, ZITOBRIIBREEFREPBECHHETEZ I L L, FRENIEL
CHBERETD, BEFROBRER T, BROBEL2 T, L¥5, BRLEEZTROT I
F—DREMOEIIL AL VRTFEIEER T, TEESH, KADKRITS,

1 1,1 1

T = —ﬁ(f - i) (1.8)
N ETFORBRRERAEEMII > THREVEFREL KOBERL S,

T]_Te =K (19)

IhEIVHAOBRE VS, kizz ) HEKTHS,
5 (1.8) & (1.9) X9,

aln _ Ta,. |
E -_ K (Tg Tn,) (1'10)

LA,

FEROBFERE, SO — Y — N HBRETETTS, A8 bDOE—h

J— 7 EFRENLCHRICRR SN B, ZOBNETFH»LBINT B8 Q, »4Ee —

FY—27 QBB ISLEELT

Qn = Q = OnTn
3 (1.4) & (1.10) £ b
. AB*+d?) .
Q——Eﬁf4ﬂ—ﬂ) (1.11)
HABHWE,
_ !—LoﬁQ
T, =T, (1 + ——--A(Bz T az)) (1.12)

TOEPBE—F Y — s MEENICH DL XDETOREF RO B ENTE D,

68



1.3 ARBOEK

REBTRATERES B0 — AR AR 1115 T, AT —C 0T8Izt *He-4He ]
HEHE VD, BB BMIEE S T 3RV EL T3 DIcAHAMK XV OR
BELEND, SEIAVD DI, LeidenCryogenics #8. DRS-1200 T ¥, AHE I
120mK 8T 1.2mW, *He fERE 1.0mmol/s ThH Y, KEOHRAT -5 BHT A
T2 THD, *He DRBRIL, HRBEHADH NI —KRL T LT A B 7T, 550
RICH T DA A TR AL R,

BAC LV 2 FEESE DO 0OBEE~Y X v M Cryogenic HELD b DT, HARAR
BITEIMEH 72.5A TIT Thd, ERTHCHH BREBIIEE I AN L »TEREH
EMUIRIETS SmT UTFTHY, HRICHES BT SR2NE S0 RoTIND,

bbb Ay FIIBRGHEBE B AT O L OBREEL T3, AT —S0FoR
KIREOIMEZELZF L, BRGNS 3T AR IR TR IR 2 B MRS S L X
ND, BAT—POPFE—PITIE, TAIFRDRIAAUR Y OBMEA S Y B, B
F T ~DBFA L BRI T B, . |

WHM LI BHAT -1, TRETIEL OME - BENRESNTE 7R, BIECILH
D—EDHEPLHI VL T2 BBRADBDITEZEL 00OH D, BAT—IiT, BYRiE
R HEDICHENE L, WRAC X B IREREIS R NRIC B X S C@H a7 5,
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TR oA
BE# (~10mK)

A -— B

/ +F

Y— U I+ — RS vF

AT —

 BEE~T Xy b (~9T)

X 1.1 Bam o
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2 BMECEREE DR
2.1 BRT—T

BAT—UN, BREO—EOME L0 72 L TBEL T, AT Uk Bl &N
BEME LTI

K&V Curie B
/&y Korringa B
BB
BrEEEE L2y
MIEZ B TND
INEWRERESE

R

REBHD I, EIE 2. EBRVT, LREOEERIEEHLL TV S, SEREL LB
F—Ukk REI 230mol, BERICL T 14.6kg Tdh 5, SHEHIB BB () 02 F =2
10FHC (HEEE AN+LLE) 2R L7, B, SBEREmEn 2860, v/ 2y
FDREREAR A =7, RENC X AIMERBRIEBIMZZAMTRAY v FE2 AR, 20O
WrEFRG, FREWBIESE (Mixing Chamber:MC) 1233 &h 2 Y —V R Ol
2= (100¢) ITIXEY, D oBKEP TCORNLRERET IO KERZRELSTILER
HbD, AT -V O2EREZR 2.117Y, AV v b EFANREHMOREREL, 35.6cm?
Thd, 74 DEIBAT—RENCT D ERERHC, VMBEEZELSTHDIEHD
BREESTAHAHNERD AN, HEVELTILEBRICEDHBIDRRELL LTS, &
3 d, §0 kd, BV OEFEOEKSE AViZEE, WMEBRIC X5
RRR

C%My=-i§;vfkwcr+k332:a32. (2.1)

THEZBND Y, RRRIZEZEALTH D, SEERIHIL AT DB T, Wi
M 5BEOWNERFZREPHAEL TA D, WHEE 2.5mm BEOEERICHEIL , IWERIXEH
FhOEBAICEMZFHN S L T5, RRR ZMEMARHEE LT 1000 £T5E, R (2.1)
DA F P DRI L BEF o it 0.82[mkg 1sA% L7425, =7 %y PERORA—
T A ME 100min/A LT 58, BiEE Z OBEET IT(72.5A) 25 0T(0A) £ CT—EIZH
BT Hexi, BETOLT B =20x10"%T/sec] 2725, ZhbDEEZR (2.1) IAA
THE, BAT—VEETORERRERII ~ 6.70W L WHIBMEIZ 5, ZDOREBEHREAOR
HIZESWTHIEIERIR 1T 5 & & ORBRSIEEEOHER, 3.2 Hiclk~L5,

S
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BEE< Xy N OBUESMIIK 22 DX 512 5T 5, EEECHEKRES 9T A%,
umwéﬁx8y®%u¢&<ﬁaobenfhﬂmmwm%Témv&ﬁibﬁ%
T BRDS,

n*B?nax:/pB(z)de (2.2)

pITBA ALY Y DENETH D, BAT—PDEE MC OBE ALK LEDEOZ U T
T¥R%E2m e D, 220X BEESO-10cm~25cm ETE LRI L D EHET S
&, 9T FOEZENHITH 93mol (5.9kg) TH 3,

ERAR—RLRL P75 D0k B¢ Y, Y& —F, E—+ A vF, BEEH,
RREAVEZWEDLDOBMAIREBITH S, T, EBRAR—ZE k&< T 5D,
COLCHDZ S PR ERDIENRHEKEE L S L, BEBICIIERY S YRR
TYDTIFVE LoD LEESEDDIZ, M5O 1255 M4 0 6 LFE AT ©
b5, EREMOESIIBEBOENLZDT7 I UETT, #400mm b 5,

AT —VOEERETOMMEELT R T LN TT =—A 3 FhoT, To—NETh5
BRFILRAKEMET RO b DERER L, 7To—A&MIEEY 1 x 10~ Torr &L
7a—SW2R 5, 900 C T 72 BTz ofz, ZOBAT—Y0 RRR BIEIELFT72 - T
RV, (OB TIRER—DORUETITR -7 b 0P, BEOTEOITEAE NS,
1000~2000 RE - HEE SN 5,
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22 BE—FRA4wF

E—h R4 vF3, GEBICBOCTEERAZRICORWEY, gI0EEL-v 357
VOHLOTHD, WEERICBWTIE, THRMOERK L REFRWHLELE 57201,
BCEERHEZES, IKUTOERBETRBEEDE —F X4 v FE AV, ZhiXE
CEO LR BEERBOL & L EEERIBOLEZ L TREWVWIEEZHALTWS, BEE
RO L&, KEOOEFR Y bt —F o oRiBIzhH W BOBEL IR L2, —
77, BEEEZ L OHRAFBEEFOMITBECET & & b IICBEBEKOICHLS LT
<. BEEEBEEDT+IO—UTOEEBETIE TP ChFIT 274+ /) o OMMEE by, X
BRNZZ D, IREDETE & HIZAECHE<LoTWVL, E—hr RS yFIZAVLNS
BEMEELTE, AM vy FORLBOROBGHEEDLRKE VLW S HERRD S
, & Al, In, Pb, Sn, Zn® O Y AAVLN D, 4EIE, In (T,: 3.4035K, H,:
29.3mT) Wb — b RA o F AL In 2RV 2F8E, B8A (156 T) BEL,
ALY —< L U P In BEEEANVF T2 LB TE 270, BENK
BB RIETHD, £, hREFRMATHLT=VHRRH D, 8RS
7% < TH RRR BMOAMEHZ EERTEY, Th2bLHEEERRETORBEER RV S W 5F
ARH B,

E— b ALy FOERBEHER 23T, Inid, 5 x5 x 1mmd 0N %2 2 AW S,
In AV —<NV Y ZHMORY v MRIZEBAL, ~F T %1725, BYERY 246
t*&%mofﬁﬁ,*vﬁﬁwﬁﬁ%ﬁotﬁyﬁﬁTM%TéoUV&H@ﬁﬁmﬁ
BRHTE=4—13 (R 24), BIEOEEL LT, ~U&MT 2155 5 B0k b b0
OInTa—F42F (AFRoF) LTRBLEERWIIAVTHTNTE S,

BEEY — R v F O, AL vFL k/k TREND, BEEe— A v F
W, by 2 RELTHRDICEME (~6N) RERMERAVWEN S, BRIE 74 AR
Wb, I, 74/ OEHBERTE | -EELRB CIRREATREOE S EE -
BANELTD, ThbY ky = 1/3Cu 2/MELTHdTHS, UFicInb—h ALy
FERET A DOMEFEMEIT S,

221 BE—kXAvFOHE

BAEERNEED In DBVEEELY 7 4 —F <> - 75 VRIRD 2L 5L, RRR ~ 104
T ky ~ 4000T[Wm™' K] £ 725, BEEREOREEL, 74/ 0 X 50EENTE
BIThdE LT, ks~ kon = (1/3)Col TRED B, In BT, C ~ 98T [Im—3KY],
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17 ?-

v ~ 2000m/sec, I=lmm &L T

ks = % x 9873 x 2000 x 1 x 1073 ~ 65T Wm™'K ]
PLEMD AL v F i

kn ks ~ 6072
L7725, I 0mKIZBWT, BAEOBMEERNEREZ BT 108 E/hSnWr b %

FR 0. WILAA yFRBOL EORTE ¢ 25 ET 5, TNIIBERT—P~DE—h
Y2 b 2B0T, /NRCIARTNE RSN, Bzl E kb

S [T
qN—/ K(T)dT Tp > Ts
[,
—6 pTa 477Ta
S DX Ix 10 / 65T3dT = 6.5 x 10~ [T—]
5x 107 o, Ty,

Th % MC OIRET 10mK, T 2R T —C0BRET 100uK 245
g~6.35x107%x %[(10—2)4 — (10744 ~ 1.6 x 1071 = 160pW

£720, In FZHT0.33nW & WHZ &icie 3, LALE EDORER, In FEEDO R

DNWTTHY, BV VU IV ITEND L EDERECOERS, Vv

I BEOBREREYZERTH L EEOHELIIRR-TL B,

I TIDEREMCOENE RHED 37001, ERIREYEL - —F XA yFizonT, -
RRR JIEZE T2 o7, FWRIL5 x5 x lmm® @ In AR ZH, #EEROF—<L Y ZiC
NZFTLIED DT, 2R 6em TH D, EHAMER 4.2K T 40002, RRR i2# 3000
Tholc, TORENGT—vN V0 7 2K TCORGEEL Y 4—FT < « 75 VDE
Bk v RHEL 3,

LyT  2.5x 1078

R 40 x 10—9
SEOHMEMTOERERL 0 BEHBDTC, TR —< LDV IDEELLT,
10¢ DERE » K% 30cm BML, MME R IEDHTEHEO—vN ) 72K EXT
%%, ZORO RRR 2 1000 &4 3 &, #HLfE 60nQ & 423, X IEDO IO
i, #AvyFLEBEAT VLV ARXVTA~ 5NmBED M7 TEET 354, 1000
BEOA—F—Li25 "8 (BMEM1.64cm?), LoTH—wiLl s 2k TOERRED

10n2 % 2 + 60n$? + 40n$2 = 120n}

K= ~ 0.6T[W/K] (2.3)
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SET OB

2.5 x 108

Kipp = —o ==
ot 190 x 109

~ 0.2T[W /K] (2.4)

&2%,

222 BEEANL

ERBELBREOCHHRIT, YV /AR IALERNTITRY, AMvTFEBEICLEE
&, BEEECERERS T v 7 &b, BREDOEEERSC BRI T ek Wik
RG22, EORDBEOF ML, AR L CTEECT S (82.3), FpERR
M7 w7 EanTh, TRFRDRTHD X SiC, REOERESI RS MIC X L TEE
ERBESIETE, YA RaALE 0.12¢ @ CuNi 7 7 » K OfzE#EE BT RiE
Lz, #2000 #— 30T, a4 VBRI OMT/ATHD, ZOaANVORENFE
)L 5F (Matsushita OHO02 : &—/LE# 0.1266 VT 'mA~tat 4.2K)% % AvCHIE
L7z, ZORFRK 25 DL 52TV 3,

20T

]

T T

L e e S ey

] e

Axial Field ( mT )

30

357 coil radias: 10mm T

- coil length:20mm

- 25 " turns per meter: 7500 L ] s

' [] [] :. ] 1 I 1

20

L
o
i
()]
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o

X 25 Vv /)A4RKafVOBEST
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[BEEXA BT K]
BEEREOEBIEAS RV DI, B EAAMICRRR LI & 8T
D, TNERABHET—F LD, RUSEY L J A K a4k kABHRE—F CERT
B, BEOBREICHATIA M 3 BROEHHED T/ E S RERRBRER S
W3, Lo LIRENEEENLEL S5 NMR HERORRHE S A LOREA, Hic
BETHD, £, KEREPHTSLEDODHBHMAT —CORMA~Y X v M, KK He
DEBERIZ 5O XA BT —F CRUBERELSES,
AABHREBROEAREE 2.6 ICRT, ERITBEEY L ) AR a3/ L OBRO Ty
BEEHCERSECLBERI, t—F—k L CEABE R b0Th 5, 0@
RERIC e — & — B BE R TE A AT R AL v F LN S, HUTFIKAERE
BORIEFIEE RET 5.

+ - + -~
+ - B{niaEe .
IR= AT b l
————
AAAAA
=Yy -
AL yF ‘ ‘
YLK AN
- .
A B
+ - + -
—_—

X 2.6 /A— ATy FE—F
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BT _RTEESNY U ARZEPoTWD L35, XKABHEHKTIZX, FF5—2
Fo kAL vF% ON, T2bbLIERBICERERLT, b—F—0RMT X » BEE%
RBZi s, HEEHMAIIERIITNLTIZ, af & Tih b, ZOREBTEREZRE
HETLFTWL (A), EMNREM/ELLED, R—Y AT MRS yF % OFF, b—

F—ZTEREZYRIZT S, AA vy FIIBEEIZREY, ERIAA v FHBESLTAENS
(B)y TH&EB/ENLOERE~I Xy MWL DBEHAFRETELVOT, RSy
FEHSZIE b — 2 A TERIIFERZ Y., LhL, BROERZELL TN E, A vF
WoOERILEML T < (C), &EICH, ERZ2ZRIT->TYH, IR XAER
BB LoD (D), UEOFEEZHICE DL, A VOXABHERVEKRL Z &
BTE D,

FRETHE, e —F 24 vF NMR AR 2 ANV 2 XABWE—FNCERT 2D
W, "= RF b AL v F & BEEEREORE - RERTV, BHERERZIT-o, 23—
PRFT MRS vFEMEE, RFEAF ¥ AP 1266 THIEL A (K 2.7), ERRL, =
H =2 (57.66Q/m) & AV, BEEHIZH 16cm, BIZEE M), FECAN TR A
¥ A E2FHELIAALTED, %], DAL vFiiFa—bERNICESTAFET,
TAMNBARAF 2 —BEFOT7FUPVICEHEL TiTR o, LL, BEEPTRAFZFAF ¥ R
FEAKOBMEEREL T, b—F—KWTEREY OFFIZL ThRPehAAf v FEEH
Bof, N¥a—LAEOMIHL T, BENY U AMCESERIT S L EIRENRHELNR S
L2 ntc, ZOAAL yF TR, vV HorRESWVEEBEERESEETEREICT
BHITiL, 100mA BEERZ Wi v,

KABREIR T, BAERRLOBRENSLETH D, EF%ﬁﬁCﬂh&7/F
NbTi BB Th 5, CuNiiINns ¥ TEHE TE 28, BEOFIZ X 38R TIERR
AL TLEY, KABRE—RICT2Z LAHSEY, LAL, TR THS NbTi Tidn
YE RO, X oT NbTi ONER-LOERICIE, HOFERLETHD, SEZD
FEO—2L LT, FROEEFFRNZHRL THE, ZHiE CuNi ZBREL SRALE X
DEbh¥, ThEHAFHALT, @EEEEZ TV RATHH5ETH D, HEEREES CuNi

FHBTENVCERD BV CE, REF 5em, RE 1 0FFICL ) £ BEERY

MTH IV EETT VAL, ZOEELIEE~Y Y AMIBTTF AN LA, &
WITHEHEMZEL TE A LM, A T TERZ LT THEEEERIIEN o7,
t—FRA vFRAOKANERBETIHEEERIERTY IABRELOT, 2hT+H5TH
5. NHT BEEEEBRON—L RF Y b R v FOIED FIzonTid, HEHCELW 10,
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e AFAF ¥ AP 1266

= 1

bE—Z &R (e H =)

L EBEER

EFER~

B 2.7 A=V RF MRS F

31



3 RO AL
BTk 4 ERREL T BHTANREE RO M 2 BB A 1T 9,

3.1 FinEERE

BAT =P OTFHREROEMHCIIOW OPOEERH L0, RIZL bERAEROD
HEACRI L ZANRKEV, FORICY—<1 ) v IRBNEEEFFOT L RE&HT
HB, INRBIZE—NAS vy T EEORRERENE NI Z ELME, L)
I ERBGIROEAT — VKAV TEEMICER T A BROBERA /N EL R B L DI
BETDHLENIZLEZEATWS, FABMORREL VIZIE, BicH3.1 0L 5keT
WEEZD, Biig¢BdbHLE,

—or2%L lK(Tz—IﬁC)=bT§C (3.1)
dit 2 :
DEENED o, © = T a i, &mﬂmﬁﬁa—niﬂLﬁbmﬁﬁ#ﬁﬁw%

HIEES duc = amc@ﬁﬁr&aoﬁmMJ&ﬁ@Lomrﬁ\faa
| 11™ 3K
[?JT“a@h+mt (32)
BN D, ERE O TRPOEAT Y OB 1R DREIMREER R, B
F% 1.2mW at 120mK 245 &, b = 0.09[W/K? L7253, BAT —VREHELK
n* = 93mol & 9T BIREL TWHE LT A/pe =3.2x 107%)-K/mol L ¥

a=93x32x107%x 92 ~ 2.4 x 107*[JK]

LB, b= RAvF+Y—= NV I DREEE KT, 221 HOoHEB K =
02T[W/K| 2 AWvWa, ZhbDEZBNTT= mmmohemeirgT¢®n-—%md
- DOEIAT =R BHT A0 ET AR,

1\ /1 3_3x 0.09 x 0.2 .
10-2 1071/ 77 2.4 x10-2(0.18 + 0.2)

t = 168720sec ~ 47h ~ 2day

DX HzkREB,
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?E%%E: q — bTIeI G

q o kT

3.1l EAF—CDFE

%R EBTFH
Tn7 cn v V¥ TB? ce
-
T QKOR
. CnTn . .
W = B B Qe
3.2 ke EFROBE
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32 mEFFRESUFERM
WIFAHBE, Bk, BT ROKEIEREIC L T T, WERRERL t—k ) —
7THD, M32IHHELE, BR, BFROFBRAIUTOL HicEx Fe5 1),

OndTn/dt = QKOR — W (333.)
GedTe/df = Qe — QKOR (33b)

Wik n&H 7, Qror REZRLBFROBEEEI X DHH, Q. XEBLFH~DE —h J—
7ERL, TNEFNRUTOL SRS, _ '

i _ CaTh AB .
w B “B= T B (343
Qror= CoTo(T. — T2) /6 (3.4b)
Qe = Qext + Qeddy (3.4¢)
Qeddy—' aB (34(1)

Qeddy D aiIX (2.1) OFREFTH D, 2 VT OER < IZFICHL T Llsec - K &8
o BWHBC,, BFHACITFRNFRRDOEIC S,

A\B? —6 2 /2 :

Cu= ok 3.2 x 107582 /T?[J /K] (3.5)
0
Ce =T = 6.95 x 107*T[J /K] ' (3.6)

T ORE VT, EREROER, BT ROREOBMERY HET 5.
3 (3.3) ORISR & R BT A T —IEBE BT, o b 1o+ 6t T, ZHER
DROBEREHET S,

T(to + 6) = T(to) + (Qo/Ca)6t (3.7)

TIT, Qo, Co KR 1o LB 2BRL ROKBTH B, = DELIFEE Qudt/Cy <
T(to) DEMEWITZLRBETH D, BRICHLTIE 6t % 100sec ELTh, = D%
HEHmRTE 3D, BEFRTIE C BEFIT/IENT b 10-%scc LLTFOHAST A i
2R, Z0OX 5 RIFFEITEOCRHMBETIE, HERREILERSO SR D EERRER
ERBEIZR>TLEY, BEFERZTIERN RS,

< DR, CeBPESNZ L EFRATS L, HAiRFLHECESRI BT LR T
EBs Cold Gl L THRIZ NSV DT, T, 3L ToORE BV TRTESHHS, +ir
D5 (3.3b) DRLE 0 LB ZURTED, LoT, HETREITHRIAOBET, %k,

18
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Wi

r

Qe — Qxor =0

=¢n=ﬂ(y+mK

E;(Qext + Qeddy)) (3.8)
POEFROBET, 2R3, “hE lATv7E L, BRBESEETRYIET,

FEOHBEIZIT, T A—F L REREE By, MREEE B, b —h Y —2 Qu, 1
BIREM Qeagy ThH. E—b U —2 OREE, HHEBAPIREIC L A5H, FHE—Fdh b
DB, BAF—CHETORRBELREREL OGN BR, PROLBEME BT 3 4E
Db O TRV, BHEEZERIEY -V EA—AIZANS, ZEAXRRIEBICRET S
REDE—PMU—IHEEHLTYH, BEORFEBIIIN—FALT1 ~ 100WEZEDOE —
N Y — s BB B, |

X 3.3 I WI#ISMEE T, = 10mK, B, =9T L 5&, BERIE By = 20mT L CHREL -
LEDHEREREPTT., E—FY—JiX 1A YEVTHEL, AT -UL2&ICHL
TQ=1W, ZABPEAT—DIEDEINBELT{=Q/N =4pW (N : BELHK
230mol) &35, MEMFES Qeaqy = oB® DIEIE, 2.1 HOMWHEIE o = 0.82 I WREEEE
BEARS A—F L LTELR, HEZRND, HAEBOEEYBSTEILICLY, I
ERBETH D B/T =constiZiT-3< Z L3 4D 5 (K 3.3(b)).

U EOHER, BLARASNh BT LOER, EFRICHL TR o, EBcis
B¥e/ Xy N ORBIMCEST, BAT —PORES THIMNBOLERERY, &
DWAFRENTE S 12, ZOBXRoEOREL, ETORCEL MU TREE PO~
DBEFHEAL 2D, ThRELIT B/T DEEL TS, BEEZER> Zickbdzvbn
B R, EREABEBICST, ThEhOBRBETEAT—V OREEE # BN 6T
o e, BB bN D,

i, WSRO AT — Y OEBFSHMAEHE L, ThidERHERo 8%
¥5235b0ThHD, HRERLEORECBELTIE, LREORT W XKL EHZDT O,
Quagy b 0 L7925, BAT—COREIRE—F U —2ORIZE>TERLTVL, FEL,
E—bh V=P RERT—V2EKIIG L TOETHEL, Thl5kEss B TOFHENL
B (n) BHLTHATEEELD, ZOHEZEREEZRE 47T, HEFBREMDITE—
F U273 1nW D & F{ITIXBEERBEE) 20mT T57 B, ImK A T# RS LN TE B,
THIZHLT, e—bh U= 10 F2-7B80id 20mT Tik 6 B LnEER Y, L
ML, ZOBETHEESES 100mT K THERRHASELZLICLY, RIER
EIRE RoTULE IS, REEMIL 1 » AiEICETERS,

ULEOBESENS, HUREREEL BREEERETHI LT, SEFRELEXR

19



F—U T 100uK U TOREREZXRTE, £k ImK U TOBEERESY 1 r ARERE
TEBIEBAhodc, EROUBIEEIZE W T AEREIXBREBREO M & HBERE D 4
ROT, FROBRELENCSDOETREREZ RO IMLENRH D,

20
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Temperature ( mK )

B/T (T/mK)

10¢ T IR
[ 7,=10mK, B;=9T
1 E
E rI‘min=81l'l'1(
0.1 ideal E
— - — - — 4mT/min
------- 1.2mT/min
0.01 I E—
0.1 1 10
Magnetic Field (T )
1 '
0.8+ ,,"'- /'/_#———_- b
s ,/ ( )
0.6 / i
[
0.4} | |
] ideal
0ol —_——— 4mTlmin_ i
----- 1.2mT/min
0 o R
0.1 1 10

Tempearture ( mK )

B 3.3 SEMTEMERE (o) TERBEE R B X 0 L £ DBEFRORE (b)B/T &
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time ( day )

0 10 20 30 40 50 60
1 T T T T T T ! ] i I
| X
i Bj = 20mT '
v 08F L Q=100 : |
= | i B;=100mT
~ i ! Q@ = 10nW
a, 0.6 ! , ' 1
= | /
o] i /
ol !
2 o4l | '
g l /
=5) ! ’
—~ | o
0.2 __,/' Bj = 20mT.,Q = 1InW |
"/
0 S M R Y Y S SN EN TSN S S
0 500 1000 1500

time ( hour )

(X1 3.4 HRESE T & OB LA
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4 REAE

BERAEDQERL, MbrOWBREANC L > TRELBETOVW TV AEREPRIET
DILTHd, —MAOTEREFERSNBEMHLLT, (1) BEEr OHENESETH
22, (2) o(T) DIBEEFERIXE D L 4hoTRY, LD HERHEEAIC
LoTRECBRAETESZ L, (3) BE (Az/1)/(AT/T) BENZ &, (4) EV RERECEE
Wcleszl, (5) MIBIZX>TAEL ZRBMB/PITHLI L, REB LFbNRE, &
 (4) ZW=TICH, BEFEEROEMN/IAEL, BVEEREL, BEOREL k< 8y
MBLTVWEILENMBETHD, O) RHBERCBI3ERTRLEESMELE5,

41 SHe BARRIER RS
411 JHHE

BiE, IV /A YURRCIRES ERICEN 5iB8E 2 U Tk 3 He BAREEEHPED
BN H 5 19, *He MMRFEIRETE (Melting Curve Thermometer:BL F MCT) I, Kk
750mK 26 1mK £ TOREHFHEAT, BWETFIRIBICH D He ORMRE /D K& 2251k
ERTIEEFIALTVWS, MCTII#ER, He oSN ARHHOEBIZ L2 BED
REEPEEAL S, BRECLENTBY IV /A v BERSROBESE LTHA
BHEZRDD0H B,

1K BAF 0 3He ORREHRE K 4.1 12RT, BURELXFHE LTRSSy r—7
FRABDEBRIT D,

dP _ S, —Ss
di’ VWV, — Vs

ZITS, VREREhEhErZ Pt —, BAEREZRL, BFL & STk L EiE
2HRT, IKUTOWE He 127 =V IFBLTEY, =2 ho—iX TIZHEIL T/
&<%B, THZHL, Bk He D o —lIER YV 1/2 D BREICOREEL,
Rin2 CTIZE—E L7423, MAOTZ Y ot —I T =3158 + 0.5mK(M &) THL <%
D, BREMBIIEIEE D, M AT CREMREEMRO but—L Bl ,
BRITADHE b0, B *He DMA YV RIZHBBEEAD K BHIZ Ty = 0.93 4+ 0.01mK
(S R) THRIRBEERBICEET 5, ZOEBICHVERKOT o —iZKE {HIL,
BERE LTOBEZKY, ZOEAND MCT OBETIRIEEIZRE ImK L7225,
FRIEdIER BT M L S RESNC b85S A %5 A (3.4340MPa, 2.48mK), B &%

(4.1)
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361 B (i) T
4
(R
______ BA 248mK
341 S
- 0.93 mK
g ~ R AR
= %2
i [ i B
30k R L
- M
318 mK
2.8
1 IIIF]!IF 1 lltll!ll 11 IFllItl Il ] !ilil![
0.1 1.0 10 100 1000

i % {mK)

[ 4.1 3He REARIE dhigt

R B (3.4360MPa, 1.93mK) 3% 3, Zh b 4 2OERITBERICEN, BEZEZLE
L ERBEORMENMICTRERER L LTHRBTE 2, ThEEABREROEBEESLLT
bFATE 3, S :

SHe DEML, &K AMPa £ TOMESRE THEMEER 2 RTEBHMEE BT, EHE
i & MBI OEME HRL TV ZEEEBEE DEOX v S ¥ 2EE UL THRIET 5,
IHIZBEBAEAREAF (Stray-Adamds BEHE) L FEEH, AP =01 ~ IPaiRED
EREENESTIRETH D, 1Pa DEHLMREEIT *He BAEEHEBE,AD, 1lmK ~ 100mK @
W TH LK DIRESEEICHEYE T 5, BHEERER T2 THOERIF AT 7T 5
Eh, TO¥E, BEX, Y78, K7 v Yok EhEh rg(m), t(m), E(N/m?), ¢
L4BL, BN P(Pa) DL EDF AT 7T AEOREFAGER ym) i

3(1 — o?)riP

Ty (4.2)
TEEND, ZOLEF AT 7T AOERIIHD BERKRES yv(N/m?) i3
3rip
™= (4.3)

24
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ThHD. RENZHIL o TREKMERZE A7 7 T LEBOERIST v, EBXRVED
KT DMBERSH D, & 1ICHEL OMPOBENREE ~T, SEIX BeCu 2 AWz,

o YOI EE | BRIGHy | BT vy vk | BE &%
(108N/m?) | (108N/m?) o T(K)
1 (99.997.%) 1300 3.4 0.355 300 mEmI
XY YL 2700 12 4.2 Hr e b
(Be:2 at %) 315C, 2m#H
Y4B
(Ag:85 at. %, ) ~B670 ~4.7 4.2
Si:15 at.%)
R 750 0.54 0.37 300 |5 %DEREANTHE
350 C, 5h #JuLE
ik
(Cw:70 at.%, 1100 4.5 0.33 300

Zn:20 at.%)

K1Y AT 77 2HEOMEE
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412 FREOEE - B4E

B 4.2z MCT OBERETRT, BROEELRLIFAT 7T AORESE, ¥A4T7 75 A
DERD 6.5¢, HAES AMPa T v < 7,/3 D&M T

_393P  3x(3.25x 107%)" x 4 x10° _
4¢2 "4 x (¢ x 10-3) ~
t 2 0.28[mm]

12 % 108/3

L2d, o TIMPbELE 0.3mm ICIREL 2, BRIEZX v~ & ROMESHED X
E< DI 100 L LT, 4BID MCT i, ¥RV F U AELOERLZB) 77
VAT o= — Bl o TN D, ZOWER, BECLDV 77 ADHH
ERMAONDZEVOHERH D, EeREE, XAPEERXTHY, DEEENRTETH
%, ‘He RHAZH 2REZIGE L B T2DCHEEAV, BIRAT —VIEHRTE
BE BN BN TN, ZOHKRL MOITHEAEHe ENEEL O LY » Y TR
AR Y AE L TR0, BTHREL L THRMET (AVA_AL G-1) ZFER
HS0NTEEHED L, ZORBNHITFREBELROTT LV RATHIETTRY, BEH
DIATPANT , RIFLEEL OEAR X <2D L I, REZEISTY THEEZ T, Rl
BLFIE, MEY Y vx 2V, 15 ~ 25kgf /em? BEDOEATTV A T5, AEERBE
BEL, 77a 8ol — b EBEALTEY A L THY, FESRH—Z2D L 5 ICRIK
RFEEDAICIE, BES 02mm To< bW TEENCHT TTR 5, EfEE L TR&EME
HIRDIZREHELEWEATTHESCY, REIZEAZHE LT ERY, F0 L X
OYEEDOREE & 2127 F,

1E=8 2[EIB 3EB 4 A1 B

BOEE (K& :g) 0.024 0.085 0.145 0.206
ROEL (mm) ~01 103~035|055~061;0.8~0.85
FEHEE (%) ~ 59 60~70 | 60~65 | 60~ 64

_ 5EA 6 B B 7EEB 8 EH
HOEE (RE: g) 0.263 0.310 0.359 0.378
BOESD (mm) |1.05~1.1[13~135]16~165]|1.6~1.65
iR (%) 59 ~ 62 57~ 59 | 54~ 56 57 ~ 58

K 2 Rk FRar b EE
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I E#h s —7

' L —— ¥ A7 7% A (BeCu)

AR

\\\\! ———  EASSHREE (R RMEIT)
%\ }_Q\§ SR —= Uy
|

4.2 3He RAREIR B FHEE StA

AHAF¥ AL GT
/_ / EERE
&:ﬂ&f?mfm —
gAR— 2 b
EHRRL Y A1) BRI E

A T—T 4L

R — DY 11T

4.3 MCT o#fETRE
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FAT 75 MNITVERICEERAELED B0, 315 T T 2 R, REPTHRLEL,
WHEILE (TR ol FAT 7T AREIERNV ML oMY ERLAL, TOTEEE
AFAFx A D 1266 T —NLT%E,

BRI AR R 5 A % A b 28500T CHEET 5, 4%, BEITIAFZAF ¥ AL
1266 # AV TV, EAICENEESTWdh, AFAFy AMPHBELTLE S
TEMbhotk, TH I ATEERESE LI TR k%, BERENET L DICEL
BFTORTT B ETRIELE, BEORIL, BEEEREL OHEBEERECT DO,
B EROBLOUERCAZ A F ¥ ANERY, BT 3K YA TRERIT TS
o BEolb, BRAFAF Y AL ERY, BEIZEETDH, POLOOEBITHEL TH,
R—F VROBEO PN BEEL BT, AFAF ¥ A 1266 2 FAEICTELIAL, BEL
Fro R AF Y AMBEILLEDOD, HHERSES—7 A (BT, BEAR0.6¢) 2V
L, AT 3BRALENE LA E EmMIRs L 5T, WEERT Rk, B —7 4
R E BRI AT L, SRR REIZRS— A N TERIICT - L, EiE
MOFEEER, F¥ /v 2y ADEAEMORBHICFETI0T, 25 Fmed
3Ty RR——D 500 %, 800 %, 1500 B THEL, TO#%, 6um, lumbFEDS
AT ey F_R—2 NCHEFE2 LA, FEEEIREACZLRVE I, BRIV
rhev Uy Z ZATEELTITY, BEROBRLDZIN—1—WBDI L EE, BEEEEZ XL
T, RORLFRRLZVE SCL, EEROX ¥ v 7% 50um O~ 47— —h & 4
¥, GEU=ATEY T T2 B, BEDS—Y%E M2OXD% AFF->T, HABIET
TR THD (K42, 4.3),

413 HANKYLGTL AT A

SHe OINE & Aflidmiek, BICEATRBOLDIEH 2 AV E VL Z 25 A (GHS)
PRUEL 7o, TOEBRER 441077, S He A R 12 D F 2 7 ZHRICHT T, BEI
BB b o THHAREKT 2L HcBETEEL THL, GHSICRBWTEEN 5 E

A1 He D 5D HRERE/NEL T HEBIT 1/16 A F ATV RAEEZAVWe, 3

i 5N @ *He # AV, MERIC AHPBBALZWE SICHEERN 7 o7& BRI T
D, TNIEAT VLV AFIIREDEDELF 2T ——TE2ANT, F¥E¥IT)—%
BT LT OEBRBDOTHD, BECERIZIET A v 7 R7 4 v 7 EFEIN DR
EXDBERESREAVS, ZHIiTREE 300mm THE 1.5mm O ATV L REZ DL T
DIELEREERZ AN LOTHD, BRI v 7T 4 v AT 4 v 7 ORE LI,
BERBTAVIBALRZVEIC, O Ay Y22 ANTRL, ZOT AT AT 4 v 7
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PE A He D A L —TH ZIZHEAL T He H A2 BE L, BRIZETZ LTk
T He # BB ST A7 L THEZERTE D, *He HARIZBIT S ENEER, KinIRE
FOEHELF—LFCELEAFHERNTITR S, EREAHDOT Tl Ebd BB
235K 5T, 100 DAAERDT VR A ERENFHERY HiF . MES A%, MCT L
AT T NEMIIETE 2L 512 2 BZHIESPTNWDS,

414 XNV AEAVATYwS

‘He ORMBENDOEIC X BF ¥ XU F A COEIL, V77V ADayT orih—
Coetf LVVFRF VAR, B2 AT 7T ERAVEIBRBFXYRVERT Y yPIIES
THET D, XX/ FRT ) o POEKBREE 4.5 077, BRECESEH SR
5% R, Ry, VA NS RADQEE r&TDL, ANBEV, LHABE V,yu £ O
X

I/:)ul; = —r 4 Ry + jwé’ref
— C . C’C“ref(cl-Rl - CrefRZ) (44)

Gt G 0¥ (C + Cret)®
ERE Y BAEBORERSFE T T 5843

1 1 /1
= i 4.5
C Cref (T 1) ( )

ThbD, & (4.4) KB THEERAVEFETD &, BEEEIC X 5RERADEZB /A
K hoTLEW, BERVRAENRTERY, FITHLSDONT U RAERICI-T, &
BRAE NS LTI, V¥F S AERET 5,

ER+TALYA RV AR THEETHEARTH S, BEFIZy 7T VYT OR
EWMRERE AV, BIEEEEY 1kHz, BEIMEE 1V ThH 5, EBIC MCT 2T L &
i, VA RIS AOSEREFEELTRBE, vy AT T OREERBRETT Vv
DA T/IRT Y ADESYE=F—F 5B, B I A VT V7T EREEREMETERTHE,
Ar/r ~ 1077 DRXEEBH Y, THIREHOSHECHREL T AP ~ 1PaltflE{T 2,

415 METAF

MEC EBEAT 75 AORTSEL , FEOEZRNF = v 7 OF®HIZ, MCT OM
E?ZF%ﬁ&oto?Zhﬁﬁﬁgiﬁﬁﬁﬁ&otoKW%N#:“A%WK%%

29



o~

76cmHg - 0.1MPa Hagnsio

%' 0 - 35MPa,
N PG SN,

BEASNT

@7 AT AT 497

iz
He AL —2 &2

3He R~

MCT ~
R E
3He #v 7 B~ @
AR B
0 - 10MPa BRI
1.5 87K EAHE
ERVVTFoT 2
B 4.4 H AR )25 5
e 5 RIEH (5000)
i hIrA
S O
L 5
“ \/ Ry % RANRARAL o F
iR Cret—— PR v F

Dy ATV T

Mg b Z o A (1:1)

E45 Fx v H AT V¥
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Ly fIEY —FRIZELERENEZBLE, MERANY TAR ROLF 2 L —F —hi
GHSiZH#EL , MET A /16 A FORBROF ¥ ¥°5 ) —% SWAGE LOK T
BL TH7pofc, T AN IO REIEEMELICREBT, V—2FzvrErNos
TviakiTlaoft, EAETLEERLLEE, VT U AORELEREL TSV y
VERFAEEDIEE—BEOREL L, Zh#% 100kPa ~ 3.5MPa O TIF- 77,
EITF P ENERNFTRAELE, H46TF RN TEBLNREEAP ELIA TV 2RO
DEL r OFFERT, FELEELOMTET, Z2E2XRbhk, ZhikXxicsrs 44
APy FEROREARIZLZF YT V—NOEADES, I —FHROBEDL
ERFEL B 5, ZEC MCT 2257 —JICBAHT 3881, 3 v €5 V-5 1
FREy FDEHTT o A—% LD, BHAEZRNRIIMIZTERSNETHS, £,
J—-FHEEEL, HERFCEL T, RO LEOREE 2 T8 OREE T,
AEDF A MIBNWTIE, FAT 75 LOBERERZLIETFROT, FOASONTIX
BBl 2z B, |
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r/(1-r1)

I ] 1 LI B B B B (L A S B B B L B B
N *  increasing pressure
1.25¢ — fitting 5
¢ decreasing pressure
120 g e fitting
1.15}
1.1}
1.051
1:1 PR RN Y (N ST T SN AT SN SR ST SN N SO SR ST Y AN SN SN SN S N ST T SN S N S S N
-0 0.5 1 1.5 2 2.5 3
Pressure ( MPa )

K46 FEHP LLYF T ADSER r OBHE
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4.2 Pt-NMR B RSt

NMR #i ImK L TFTOBIERZAIET A2DICELES AnohTvnwsd, NMR oxfs#dé
IRABRE LT, BEE— AV EBRREW, 2V T EER/MEN—ThbbiZLET
EBRRBLBFECET D, EOEEREHEINL S, ThODOFEETIE Pt ARLEL
T3, NMR 12/ CW-NMR & Pulse-NMR @ Z-o®OFER H 528, Pulse-NMR HED
FRREHNEN 20 5 Bl CREROBERNEC VTN S,

Pt-NMR BEESH 2 M Tk Pt O AV U B HERFEMZAIEZ T ik, 2V vd
OBRERT T.=rk LB TFHRET, PRETHIEBTES, LML, =V VEH I
KRB OREL %), MBEANEEZFORDORERLELPTV, 22T Pt OERiL
MEZRHBDZEIZX-T, BEXRDZFES LY O TH S, Pt OBREEITE 10mK
B~ 10pK OBRERETE = U—Rl (M o 1/Ty) KESZERHMORTNS, 20K
ERGIE, BOACHL TREZRDTVWADT, BIAMYOREZIT RN,

Pt-NMRIBEMHO¥ v b7 o7 %K 4.71277F, NMR AOBBE = A VidEcERE
Hote /L /A RIANTHBD, Pt (y=25.6x 107s71T71) & NMR BRI HER TR
BOMEZ, EREEED 250kHz D & & ‘

v== =15 (4.6)

kb, B~28mT &4 5,

A AW BEHRESDY T ERTOR—E, NMR ORIEICEEE RIFT, <
NAEITHALTEBOBAY VL, BREROFANCEIIL TR, EOFEFMOESIEA
EY - A VRRFIER] DM REBEORE —EIC R b RE {KFT 5, ERICBASH
LTy LRED 1 EOERBRBEDOARY—EDHRZL->TRES LT HLE

Lol g | (4.7)

Ty, T 2w
OEHERH D, ERIY 7 = 1.0ms & &, BT OBFRERE ) Z 20%LAIZMA 52,
6B/B~1.0x 1072 OH—ERY U TLORSICDE S TRETHIZ LHEFNDL, B
DH—EZ B TR, /vFaAneELl Ll TERTES, UL, 8O
VAR IANCRBEIDHBEEDRER R Tebic, Nb 0BREEL —VFE2IEET
B, /v FIANEBOLET OHEL VAP ERMST G L TR, B-ERELT
b, BEE~LVRFEYV /A F A NVORESAOBERFETIEICONT, FTHIZ
~L 7,

WG A EBEEY -V N, FROFSICEERSE S, F7 A0 PRI,
PR AN, BREE 2/um TH D, TR 7 =— L HELOLORERT 3, T % 1000~3000
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ARRT, PHARICHEREL, Ag DEEENIRL M IED TS, Pt#id Ag lCEEREL 72
WO, Pt-Ag 8@&DBRIZ LY, BESSOBBEREREL R30I 2-HTH
5. Ag DENT Ag DRI L — MIBEHEL, ZhE 6 ADOX VP THEAT—JICEHET 3,
Pt-NMR REFE, AT —VORBEEZBSb0R0OT, REtE, PtBEZERAT—
VEDBEMERSTAHAZILEZEAICEV TS,

1 1
zzgzzz777 =
g s =
% /
1
l: UTIG B8
/ l 2 8 g 2
=1
. 5|1 1 5 3
(AT 4.
g Y '
g (W | T 5
1 W]
N
f NS 3
] -\. 7
Y
4
; = .
NN &=
j TIG &=#
AT —~

B 4.7 Pt-NMR 18 B 5486
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5 F&O

A, BOREEDE b O REBEFREREROSERICONT, R - BYEBIUR
REATol. RAOERL2301T, BHAOEVERASES (120mW at 120mK) &,
MBS (9T) 2RES W HBEEI Ry FThD, ChbREDET, BXF—U
E—-MRAFERE LI, AT, BELERERETESLY, BREDTO
RIREPES EOICHRE TRL (9T © 93mol), EhBE¥EE BT 3 EHTr=—1
EfTiaolc, TOEKRRHAT —U T, ImK LUFOBIERY — 7 AL R+ 5 - &
BHETH D, E—bRA vFid, HEEBOREITBV TR S BEAR N L BWigo —
DOREEED, 221 HOHBIIRLELESIE, V<L v 7 2ETOERERS B <
TR, E— bR v FEEORTRL, REMTR, XU OEFORET A 4
PEIKTIENIRBETH D, BOBHAEHRE LS5 DITIE, HEESOEES
RS2, BOWMBICERKRREREZ O bRV L, TLTAEILDE—R U —
JEBIMADL ENEETHD, ST, RELERT—U %o T EEIC B ENRE
ZITSBRIBCETIREL 2o, 5485 LROACEE Lo, Bl lErEDT
WS FETH D,

o, BEEADERERE LT MCT & Pt-NMR IBESHOHE - 8{EEZ TR o7, MCT
i GHS b0 TFEBEL TEY, G+ s 8HiiE-T 5, Pt-NMR ?ELEEH;’C
EARFHIND - TRBY, REHEMIEDTH B,
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R BEMS— VR R EEE—EY L AR A VORI

BEEOPMHERIZBNT, BEEaAVL, BRAT—VORMEAKE~S Xy bR,
t—bh R4 vF, Pt-NMRIBERF, NMR 2R, $REEAEEARE, S8 AL 5,
INHDIV AR AL/ INBERE BT DD, £V /4 F BEDO2L DREED,
BKUCHBMoOEBIIREBPRIESILNWE I, RCHOBEGE —ARFEFICERD LN
5. BEHEY VN OREIIBROBAET DHAC, v AT —BREAFEND,
DEHRB O DBEBIC L T, W FETEETIE, YL/ ARDIANVEEI/NE
<RV, EORBLMOFFRIEMET/2D,

FHZ NMR A#BES = A X, o7/ Vifidic B0 TEVWERNS—ERERSR B,
BVWH—ErEHTIEDICE, B/ v Fa N EERET I LI Lo THETHS, L
ML, BEH AR EEETDL, /) v F A NOBTRA BRI IR TL B,
ZLTY—ARREDY V) A KA NOBBATHEHAT B ORFE ) BNUEL
28, UTICFOHEFFERBIY, avYao— ¥ ol ShirtrsvIal—i/avitEA
BERERT,

[HHEH 1]

HREDY L/ A FaA VOB ETORESHY, ¥BaCRHLTaAVRI] BRD
L&,

z=z-}1/2 ’
_ ponl x :
BZ(O; z) - 2 ((2:2 + 02)1/2 ) z=z_£/2 | (6.1)

CEBEETE B, LA R OPRPEEICRY ARSI, TF, LA RRELOE
BT EHET 5, v —AF % N EOEVAEICE Y 5, 70 LS TR0 B
BN eTHILEWNWIHIBREGERST, LoTHRD N BDFEKX

N
By(R,z) = B (R, z;) + > _ Myul; =0 (6.2)
1=l

BRRY LD, ZZTC BO B A AR — A FEREICO SREOEERRS, M;; i1y
DI =N FREBNT 2 18HDEI T a B, z; OMAIZ L ZBIBOBRERSTH
Do ENENDE 7 a AT, ERIB—ICHALTNDEETE, ZOETAERR
LT3 L K61 DL 3Tk B,
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Z
AN
{E L —
BiniEa A
BT aVOPR/EBEECL B
B16.1 o —/FEHEILCHE
By, My ikEhnTh
BY( R, z) (6.4)
_ ponl (E) 1/2( (2 - ) K (k) — 2E(k))“=z+”2 (65)
2 R k z=z—1/2 -
N L2 K —9F r=z;—z;+L/2N
o = b ((2 KK (k) - 2B(K) ) 6.6
2L k z:zj—z,'—L/.'ZN

TEABND, TIT, R, LIZV—VFOEREEESTHY, K(k), E(k)ixTheh
E-ERAAAES L E B2 s 2R T,

K(k) = f — (6.7)
= f V1 — k?sin® 6df (6.8)
k? = 4aR/[(a + R)* + 27| (6.9)

L, My @ ki, k2 = 4R? /4R + 2] 2 BV B, N EOHFER, (6.3) ILxt5 8
THED IDLERICR B, 115 My DX ABERIL My = 0T, FHATRI M,; = —M;;
DEERH Y, i~ j ORTEET D, BRSML, V- A FORLTHETHY, NRE
BOLEBEEELWHILNTES, R (6.3) X

Nj2
—B®(R, z) Z (j =1,N/2) (6.10)
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| L |
e
e R o AT AT yi v v s
] i -
% {o=
/s NS S A A A .
I
. - . 2E vFaALn
2 AAfrzmqn
1) vFasfn
6.2 RO K

LESETT LRTET, HERSEAO—THE, 2T My ik
M;i = Mji -+ Mj,(N—z’+1) (_j‘ =1, N/2) (611)

HEFIEE LT, (6.10) vk Y v o Xk, BREE L 2RD 5. Ko - 0BRSS
BV /A FORLEIC/ERRERE R (6.1) #AVWTHEL, YVv /A FEFOREBSY
FCME AR TEOBBITRRDLN B,

[FHREAER] ‘

EEOHEICBNT, L0 9B T AT EafLO%Er, BE 1, A FO¥E

R, BEL, 7v9FaANOEEL, L, - Thb, TRNENRNOBEIXHKG62 Loz 5,

S oFafNF AL A NDIRTEEX, IANE—AROPLE—-EL TWE, —
NN DHBEIIETRIEZ VY, BB EIRER Rz 3, HEIZAW v
=NV RORRER LT, SE, #ET 0L 0.5mm FMRICT37D N =112
L, W63/ v FANDRERZEZTHELLERETT, LORERNL ) vF
TIANVDBTRANRREO=T Ry MV — AV REHERE, B—ERXEI 2B 25
APD, /7 vFaANVEhEILLTHIET, B—HEE2TORBIZITSTEZENTE B,

aAND2L BHER, BB~V FOBABEEZBITLES8E (§: Nb Tt
H,=2000Gauss) iX, ¥~ /VRFOKLVICY— NV R EBOBRSG*EERET X 548G
EaANVEBL, CRRT 7747 =N FEMINS, 7275 47—V K OBREHE
oW ThE, 3Tk 19 2B ER-,
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( B,—B,(z=0) )/B,(z=0)

0.04

0.03

0.02

0.01

~0.01}

—0.02°

TR
AN | &E 40mm ¥ 10mm 4 JF
=R £ & 56mm ¥ 17mm
BwE 7500 #— /m

£1laAfil - —LROWR

Ill1llll|lllllrll

No Notch No Shield
---------- No Notch Shielded
——————— 1,=7.5mm:1;=7mm No Shield
— = — = 1}=7.5mm:l,=7mm Shielded
— - — -~ 1,=5.5mm:L,=5.5mm Shielded

L1 1 I 1.4 1 | | 1

z (mm From 'Coil Center)

63 YV /AR a2 NOH—F
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