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‘He-‘HeRAH & EANBTFHIER
Hibk - B &K

[This is a revised and extended version of " Confused A ssembly of T hough
ts on and off Macroscopic Quantum Nucleation™ presented at the spring’9
4 JPS meeting, which was a-condensed version of the talk gfven at the INS
Meeting of BF 1% DFDE (March’ 94), which in turn was a revised version
of the talk given at the Izu Meeting of EHHERICBI 2B F I+ v 2 VER
(November' 93). Note that " &' is a very convenient conjunction; [A & BJ d
oes not necessarily imply a logical connection between A and B.] [Apologi
es: My lack of ability has prevented me from presenting a talk with the ti
tle "Macroscopic Quantum Tunnelling in Helium Systems” as originally sugge
sted by the organizers of this WS. References marked * comprise an incompl
ete list of works which should have been mentioned in such a grand review.
Also, 1 had somewhat misunderstood the intention and atmosphere-to-be of
the WS; having heard those scholarly talks given during the first day, I g
ot into panic that | should revise mine, but it was too late.] [Linguisti
¢ Policy: Since there were non-locallanguagespeaking scientists in the aud
ience, my talk was presented in BEINGLISH, formerly called "Broken English
[Casimir, ' 55], the common tool of communication among global scientific
beings (it may or may not sound like English depending on the person who s
peaks it, and the grammar may be freely improvised on the spot), but is he
re reproduced in heterodox Japanese.] [ Acknowledgements: It was a 40-min
ute talk, an exceptionally long one in the WS, for Prof.Takeo Satoh kindly
allowed me to use the time originally allocated to him. [ also owe him mu
ch of the experiment-related part of my talk. Theoretical results presente
d in B%/B¥ have been worked out by Takashi Nakamura, a PhD student at Toho
ku University; without collaboration with him, this talk or my present und

erstanding of the subject itself would not have been possible.]

B —1 EERLHI (] 28
§ —1-0 Personal Recollections and Gratitudes
1 ﬁﬁﬁ?i‘aé&@mkﬁﬂﬂ EQOHEVIRMEBTNEWASC BB EEE, HEAZR
BIUMHBREORRICRHABRL I+ ARARERLEDLE, HAOKETIRADER
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ATULRD, EBEEECBEOLT (bRPBMIE-> TV TR LTHELXR
BWEBVETH, BT, EEoTHEREARE) HAMEEARTRE I LIEL
HEMBESCTHSE, SEBLUREZELL 5B EFVE Lo SICLTE
A ENORVOHES EAEBRTEPELVWEETH -7 H D LML bHTH
LWKEFLETTN, ZEPSREEOYEDL L. BFHEPCHITAFICE
DAFEENH 2 VWREENRIEBSIRODVTOHEATHESE (RKEF['50] ®Brod
al’'57] ZHI-> O bEBESH 5 WIRHENICEEZBELTTLR), AEE L KE
MOHIHAZBITIENTEEF LA E, RBCHAEE A,

§ —1-1 To Separate or Not To Separate
WVWHWARBFBAEELTOMIVOYEIE Lone Polarison BBifi[Landau & Pomeranc
huk, ' 48; Pomeranchuk,” 49] i . A BE®D x (= ®He-concentration) K#&F
e DEIM[Abraham et al, ' 49] 2E T, T<0.8K icBiF 2 _HHABERROFKER [Wa
lters & Fairbank, ' 56] CTHRFIDOE -7 WX /o TT o Goudsmit&HiITAE V%
BRIIcRE L [of. WK, T4, HHAEOKRE T 5 5Uhlenbeckid, KEME
FOLEMEHTIIC Y > TOHRET

”»

the remarkable fact that liquid ®*He and liquid *He separate into

‘two liquid phases just as oil and water, although the real forces between
the various atoms are supposedly the same! It demonstrates ad oculos, so
‘to say, conflict between the Bose and Ferm1 statistics” [Uhlenbeck, " 60]
EBRTVWET, 20, (LFENERFNOBOEMESHESEET 2 BHKHATE
Do hRTTo TOEER. T=0K OMIET 64006 BEOEBENSH5 5L\,
EWH CEBFER I ([Edvards et al, ' 65; Anderson et al, 66], SER., T
FETHERACRBEIHL S WEHSRHEICEDE Lt CORRICXVIIVIE, La
ndau OFHEET = VI EAERICES REOBEOBE_OH (F—RE5>ETHIEL
I (=#ikeiith *He)) & LTHILZBL &> T (L. FAOEBIKEBELAS

NHEROHEHET, YBOoEBORHK[L RERIHRETE L OMN TR A, )
' § —1-2 Dilute Mixture or Diluted Memory
k%lm*:l:%ﬂ#@mimw(— *He-‘He BAMK) OZHIBETLHREIRILT
B, EREEOEI NI BB 9] PEO¥E TOAREE KD Bubble-Bubble
- P honon¥Eif [Bardeen, Baym & Pines, ' 67] icfid bt I+ —FicEHKIhE L,
ZTOE,LSEICZHERD, SHTRIONVE ABESL(R/—5—] LLTH
<@¥EETEﬁWEﬁﬁ$n\ﬁ(é&épﬁpﬂftMUAm%Q(Eﬁbi
ETLsd BtORNE D T, BEFE. TORMNVERES (HEDIKLT
BOE LK, REEBUZOHESE (BUSERETLSE) cbscsickv il
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foo EEVETOL, HIERFOHOITHEHESL S5 0 -IWERISHETT, OF
HOED, EERBEDO 7/ V— 7LD EHTRESEBRBTbHTVWE D 5> TTE
BBT &S, 90le (COEBRERALTHT B [ST,7993] 2BELE Y, )
B> THEEGHNEEICET > TP DV BRIV HLIERLEDE LR, ThitLTH,
SR ERP LTV EHROHMERBE - O ENTLE-1-HLOREIEDED
BREeHHEST 525HCDETT,
B o0 F
§ 0-0 Tohoku Supersaturation Collaboration

[Prof. T. Satoh & Company peacefully engaged in depressurization without
being depressed by the Restless[Born,'35] Disturbing[Dyson, 81] Universit
y in the days of economic depression] IV(=ii{s*He) D *He DERE
EPo (=HUKE="—F~7 b*2AN") UFTEALEbIWML £¢o K-
Ty Po UTOREATHBLAEYBIN (ZHICOBEL/RE) T, R—se—Y
— 7% BBLTCHEMRBONEREAT S & (pressurization ) £k, *He %5%2
B LAL C EXHKE T &5 LTBONARBIRE,L S, R—— Y —7
BELTIVESEIRRRS|4 5 & (depressurization ) itk b, BFIIREEE v &
LCHEZTERBIMRENSERTEE T, LrIRGIORERIS U THIBFE AxD
R PERERELRBIE T, EBREO I V-7, COTRREEEZRHVT 1
60mK> T >0. dmKk ORI TERICERIREZIES CEITRIIL. D, AX
BRAIERE Axc WELALSIKIABITH L TEESZHICOHT 5 - L 2HR
LELTo LOSHIMK ITTI}: Axe BTRESTRIZ—EOMEICKBILE

REBLELK, EEBRF— % 2K ([Satoh et al, 92, ' 93JiIc/RL £

™Y Y T T T T —p
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- § 0-1 Nucle'n is as hard as New Creation(Dajare in Jaenglish[d 18, 000])
“HAoBBARR —KHEEBRO—2 0B TH D, RIEKIHERDOI|IRICKEE EE
AoNETo —RICHIERIZ, BHROELAMYE R > LANBERONFEICT S C
EHL . RLBROCGBMTR, AL BELEESRR TS, HRBCRHEE
b o -
"1t should be borne in mind that the described mechanism for the creation
of a new phase can occur actually, only for a sufficiently pure substance.
In practice such centres for the appearance of the new phase are usually

various sorts of ™impurities”, dust particles, ions etc.” [Landau & Lifshi
t2'58] &, ‘
) there is one spectacular case, involving the superfluid phases of
liquid ®He + + +, in which the discrepancy between the predicted lifetim
e of the metastable state --many times the lifetime of the universe-- and
the observed lifetime --less than five minutes—- is so striking +« -+ - tha
t one is seriously forced to wonder whether the whole statistical-mechanic
al basis of + - « nucleation process isn't in need of drastic revision.”
[Leggett’ 87]7% &
EHDET, CNODOXER, WFh b MK (AbRMER L 3) KEK%EXEH
CBWAbDOTTN, BTFMUREERESNEMEZzORBRMIETL& I,
§0-2 MQN observed by TS C?[ Physico-Philosophical Significance]
REBLEBERO I V=TI DRLEOIEBEORERITR I 22050 F 7T (
bLARBIEERENALEZZAZDBHANERBA) AL S, MIVIRARMME £ <
EERVEE->THELIXARWERRRTHY, ELFHOER (PHe & “H.
e OHFBEENKEWY) HENIC ‘He O TEDLLTL I WEBERICHEL
BOEEZONET. (ZOX. FLAYYLARTH., 55 [Tsynbalenko, ' 92]
K/ [Maris et al, 93] & L < i2i@[Avenel et al, 93] O ICtE~, MIVOH
SBIBBICENEEAONE T, ) TOMOANERGHRLIEZE > b, &
MR3EMTTH, EERRO 7 Vv— Ttk > THAI S W ZHABRRBNEN L%
ERickb0ThraiEERREVWEEbhE T, L bEBRERIT (KK
BERE (T <10nk) TEEREKST W] CEEMIRBLTVWES, bLEIR
S5, COBRBEBTORERRIBTF YA rHBRIck-TEl&gRIEShi, 2% D
BBV QuantunNucleation MElR|E i, tHERAlEhE S, L b, ThB
(B)ERNRECHR (ERNBFIZIZHK MacroscopicQN) THAAfEE S H b
FT(/BRER]. Chid TASWI & T, (ERN)BFRIEKRER Z. MY
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BRI FH - RRNTYELSD THRARSH TERUIEEI SO TETED.
FEECEBENREARTHA S LEbhETH, RERIES MR, b LR
TEILBTENEYELERL > TRKERBEREFET L2 5TT FHAKD [
B BT iR E SR (=speculation=2%5m [vacuous theory]?= theory o
f vacua[Him]?) I bMENCRENIFHEREEAB L HNT, Hic, X0
IR LTEHORESBEShhE, I EOERK 6. FHEMO10ppdb. T b il
fe i O E AEOEEMEKICEVES LR, OEIHRCESTESC
ETL&Io ERIRT. WILORBTOAV D ELXRL TV RS

BEOREY 2BITAVER RGB)-~H=TELENT [BIHEF, 993]
EWwH kT

RHDSHE -
’ , Macmscopfc ,Quan Tum /D heriome na

FiIFRTE L

L7ciRETY o MQTunnel/l'ﬁﬁ/ | MQCoperence

MQ N Elr Ordinary
|: MQ T
Bl W !
§1-0 y
Location M/«N\vv»ill /\
of MQN | \“ MMMM“K?.. 1
AR mt2-3 ! @RastTimes '3

| Qdapled from © Lygge P4e
1iMQCat = Bgyptian cat = BAST = Goddess of joy, fertility and love.)

§1-1 RERBKMBOLM, ?] Thin-Wall Approximation |
—BICHER OB E L TR LM LT VWO, —HRITHEXKEM (false vacuun) D
tic ZEM (true vacuun) OWEHBTE 3, Blb [B] OREL [E] ORELHR
ERCCET2RABHBT S, ¢TI0 TH A 50 CHm-» IR RBERIF
BAMPSELSLTEY., FEIEMBHEB TS 2085, 91 ORGSR BMHEKEE
KEISCHRMBNEZRCL - TAZORYEENITEBZE I OMBRETHA I, (
MNQﬁk\ﬁﬁﬂﬂm@ﬁﬂbfmmw+éﬁ9&%kmﬁﬁ%ofbb E AN
Ric. W72 0 MEMEH ( highbrow sophisticated field theory) ASHiN7z &
LTd. THHBRBEROEKRT 2 & CAOHEBHNERICHE T CITRBERRO
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NBLBETH S5, BRBRUANERONE L HFENICIEET 2D reference
frame & LTAHRTH %0 ) KM, Landau-Lifshitz OHME TREFKOH X
REDEICA->THYD. Coleman TEARNTHOBBICEZEOEMETC IKHL
> TRRESIAVEHLTVS ;

' it is easy to understand the qualitative features of the decay of

the false vacuum. The decay closely parallels the nucleation processes of

statistical physics, like the crystallization of a supersaturated solution
or the boiling of superheated fluid. * - - The false vacuum corresponds to

the superheated fluid phase and the true vacuum to the vapor phase. Therm
odynamic fluctuations are continually causing bubbles of vapor to material

ize in the fluid. If the bubble is too small, the gain in volume energy c
aused by the materialization of the bubble is more than compensated for by
the loss in surface energy, and the bubble shrinks to nothing. However on
ce in a while a bubble is formed large enough so that it is energetically
favorable for the bubble to grow. Once this occurs, there is no need to wo
rry about fluctuations any more; the bubble expands until it converts the
available fluid to vapor (or coalesces with another bubble). - « - An ide
ntical picture describes the decay of the false vacuum, with quantum fluct
uations replacing thermodynamic ones.” [Coleman,’ 77]
TELL,
"Most of the physics of metastable state is contained in the simplest form
of the droplet model. In a sense, the.weakness of the model is that it co
ntains too much physics; it seems too detailed, too special an approximati
on to be used as a basisfor a truly fundamental statistical theory of nucl
eation. But it is unquestionably the best place to begin any discussion of
metastability. "[Langer, ' 80]
ERHITETHA I,
§ 1-2 Single-Collective- Degree-of Freedom Standard Model of th)PJ
BERBRERZ. BABRLELT

R = virtual-bubble radius
M(R) = Bubble E ffective (inertial) Mass = 4z R"p»s

U(R) = Bubble Formation Energy = 47z R%'ob — 47 R9eb/3
D=FE»BEBL. REBLHAEFRLET S5 /5 VaTV
L = (1/2)M(R)<<1R/dt)2 — U(R)
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CE-TEEBREINEEETH LS, BEHOFELERONFIEHALT m+(d-1)—d
BRICHERI LICTd, ZRTEMIcBIT 2HEREVIHBNRIPEITIR, d=
3THD. DORTEBI,»S m=3LBBLbWPLTH S, EERBRICI IR
D, RTEFOBRIEELRUARLBZVWDLSTH %, (HERTHd (>3) Rz
B7do m=d &y (d<3DFHRVEEHLHY) | FEdI S ZRITHICKREH
ﬁﬁ?%%AkﬁMﬂﬂbRMRﬁttnéu&656Wmm 83loc ) £ T m
=d=30DEa0LtROER % iK% % BB % 18 b — B[
T EBEEREZ-TEMAE D, k_@*ﬁici Raylelgh[ 17] %lu&b/@o)ﬁ
HMAMHABE((BELRERNEZBRA)ZHRII2OCHVWS L EWIHEBELE DT
bH 5o Rayleigh DRI O 55K, FHEEMNOBFHRAEEMSLK, A5 Lifs
hitz (Landau-Lifshitz ¥J-2" @ Lifshitz,E.M. D 5%) KU Kagan ARKICIZAM
QNEmX[72] KRTREN, BIEKE (b L REXEREOFM=1/(%
Fk®R)) OFRAT wk (ibid.,Eq(2.17), too long and complicated to be quoted
here) B¥{hr o (AT, BEKRE S L RFMI—FHOBIc>WTEIbDE
T5,) COBRBETI +2—3HERIIIMQNOIEMEER (pre-Caldeira-Leggett St
andard Model of MQN) &M~/ tEAL Do HHBEKOBBICBVWTIZU(R) R
FTHEOBU I EDBEN (B, BERIPOBREBRELLILTIERY I EIR
TRV E) OoT, BEFENEBSTOHEMELERELBIBERBFHIKIEK TS %,
FCTREHEEM(R)BAENBE R T, fﬁféﬁﬁ( LThryRAVTIREAE
LERWhSTH 3B,

§ 1-§ Confession of a Sloppy Theoretician
B DRIXETDOTHRA DX PostDoc & LT Sussex KEFICWI19T6FE DK T,
BRELOEEAMEL S BHENO—RIEEBHMQANICL > TR 5 FiEHIC>W
TOHEROHT Leggett KD OO -7t TLIo ABREZANVF-—DBKESTE
TMQNREIPLHEINSLVWEVWSI T ET (Bb. HFEBOBAIL Leggett
REMBRAZANVF -2 FTARERBICRER- LT TETN), ELZDR Colen
an['17] DHRXHBHT, £ ABEBICIGRA L7c Sussex K% ® Bailin & Love
['80] DIEFER LIMBMILIE (Fhr exp(2x104) sec) 2H5ARIEbH-T. L
RLK®XEREHBBOPIKLTVWE L, B UER 7 Tid Lifshitz, Polesskii &
Khokhlov(L PK)[' 78] #Tw 2MIVicEAL TMQNOAfERERL TWVEL
jo ¥7BIETI. Caldeira & Leggett[' 81] OB ZIEAH L Tl ICBFEEY
REFRR/MICH O A/ BE#[Burnistrov & Dubovskii, 87] dFERENTVWE T,
WE-T, EBREECEBHINTED, BEFNICRET « KBENERKEEL %
BIE%ZRAT 3 BOEC(=back-of-envelope calculation) I TEELH XS] &W

— 351 —



308, TSCOF—4%2RETHVA L EDORORIGT L, MABD & &IEF
EXHEBELTER & oD LRTTY, SEONNOBSEHERSAEE ICHRA S
NTVWEDRPORBICRBIRIENAS, £H2B - T, KBREROEFEMHIIERL -
2b, BHELLTHRCHABERBTVWLDE, t X -TEBE L, L LIEED
H. iXE&ToOVvYa—2BEhDEE-itic, 1 5EYORT » FEHERT
—IBE I 1 HEE Y > THTEBROERICICED & Lc, BERYMIGINS
eipirical constants {pbs oby &b} ELTCHEYECREEOONIEZME->TD
tk ZEHUAS, 1075428 /sec RELWIHDBHTETLE-LDPLTT, HT
BRMABODOBEDOZORT, [TSCHBFEEREZBRALA] W05 {RHIIEL
KEESNS CEIBDET, CHIRKREZEEWD DT, empirical constants Dff
RBVWELE L. pov BFEEMUERECEBAFRZEALTEONZRADL S,
ob BIMIVENMOBOERKRE A NVF -5, &b I3 Burmistrov et al[’ 93]
K> TELNLBRNENRADLS, THZENLREBO O TWIRTT 5. EBER.
BAROEEIPRDOREM-SSD, FIT, ev BRIAERBRABEWS T EHD &
L7co (&b SMIVEMD particlar volume (= volume per particle; a termi
nology recommended to those who, like myself, are not at home with moles)
DEZFTRINTVE TN, CHoBWM T~ [Watson et al,’ 69; Yorozu et a
1,"92] ORBENLRTAT. REBHELLTLE I NS T, [ x 0EXMEDRIE
DR D, COREE LY 20RTRTIMEIHLV] (L, " M4l1L5Td,
) ERIHIRT. Z»r ARV BREONICBEED £ L1
§ 1-3 Standard Model in Bubbly Units
LK(dLLIRBLPK)DKEKIEKREBARIR {pbs ob. &b} &EWVWD empirical cons
tants (WEFN HIBEEER ST 2/°5 2 -5 THBMB. B THEATS physical
parameters EXBIT R, THFATHEL) 2RATHETLIVWE Y icEMLDATY
0. B CRNIED ., DR ESMNVOBE, CORBERAVS I EHBHR
BROOBBRKRTH 2, #D L, £b% b empirical constants DXRAE LT, ER
K (BANFENRENFOZEEP SEPNLSOPBTFRIERICSEA L0, L0
AENRERD 5, (> T, AHLIT 81-7 £ T, empirical constants OYE
MEFRIRABHL, 20500l d>NEGEITVW IV, 2O HITIRL
KORREBBLETHESSHSZDT, £THRHYIIC physical parameters {Roy U
ov T0) RZMAT B, |
Ro = (BFES &(virtuallE LTTRLO) HEE [real] it BR &k RIFD
HO¥E; U (Ro) =0
Uo = FFv v+ VERBOEHS = U(2Ro/3)
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To = HEEEMOKMEE ; M(Ro) (Ro/t0)2 = Uo |

(PRI b~ % VB[ ) O —&E (Euclidean Barrier Traversal Time) 7S

B, COEBICAENBEREMNE LB 22ELIKOVTRFERORM

Hb[ef. HAK, 93]}
RO Sid empirical constants {pby ob, b} ZHAELILODTH B, U
F. physical parameters % (B &. TAA¥—., B OMAE LTERAT 2,
DB OB B} 3 HARMETH D, #1755 FK (bubbly units) EFido 1B
DL SHEAIIZUorto THD, T 757 EH/in 28 ->THRTTILLE S
D% hé&FELo T5&. (BREREFTS) vavrv—F 1 v F—ABRX R
7A—%2&¢LT hodseqU, B COBREBBBR— I X -SBBRTHBE, &N
M2, B 5 2A=5%, ORI hOETELEZOR, R4 (=hi & EH) &
HABKCEBL. BFHHSE CCHEERLTVWADO D, BEECAD VWAL TEH
50 (CORICBVWTHKA I Wheeler ICHISDTH b, Hb5WHE%Z cm THIS
B D geometrized units IKRT h/2z 1T 71" & éhﬂ*‘t:ﬁéﬂfh%[éee, e. g.
. Misner et al,”73,p.36lo ) QAFRICETHARSIE. hORHDIT "coupling
constant g FE2EITTHAI, (EHROMNZE L notation invariant DE B,
A OHEEE (#*8 (Association) « EE D4 (Bifurcation) « {&iE (Communication
)) B EORLEM AR > T W3 (Sociologically Broken Notation Invariance)o H
> T, [BBYInotation R REZOEERELTH D . HHM IR &b 51F
¥ THB, v Ea—9V 7 M EOEMEEISUFIC O L TEBEI B AES N,
fth AD FEtEHEnotation WU CTHA L TEIFZF L VWO OERFE IANESICL LI
T LW 0RWMEAIBSDTHA I o }

§1-4 Classic Authoritative Treatment by L K

L K3RERERE —SOBRFEICEITWTIY - 7,

(RE 1)} BBBARLERENILUFOZORE(Y 2 v—F 1 Y —-FER%
BBICRRAT R EMPIRE) R, X7 Vv v VORBRIERBELLRE
BHRTEREN 3KE (virtual ground state(VG S))TdH 3,

(RE2} WRBELEHNTH A, BB, h < 1,

CNSDOREOTICEHS WK BOLKARXZEBELTEC(L

Pk = (const) exp (—2S(0),/h)
AL, S(0) i IBx %k V¥—DOEBENIERM (sub-barrier action)] « §kiICEX
TNy Y ZER] (D1/2) THD. ZOHERH LI TH B, CCTREIAVF—0
fERABEBEBLTVWEHN, TORIZ, LKBFIMHEIERLERE=DRELH
Wi b TH B,
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RE3) VGSDIXNF—Eo BEFY ¥ ¢+ VERDOE S (=1 in bubbly
units) iITHE UL THEBIR/PEW, BB, Eo < 1,
5, ROXIBIAV BB ETHS5, Th WPhsFhid, BATxLE
—123Eo0 /NEVE, B, RES RRE2 OMROBETH 5] Lo KD L
Pl TONSSOBRENEERDOTH S0 CHILSOVTUTEHTHL £ 30

§1-6¢6  Universal Tearing Machine ([HERE&EE) E’EL ¥

UTM processes a Fictitious S cenario by itself or in conjunction with
a Solemn Fact by establishing a Quasi Exact Domain [or exact inequali
ty] for consistency in a p-dimensional parameter space. F S with Theore
tical Assumptions & Confusions and S F with Experimental Uncertaintie
s & Constraints are Confronted And Tested through U TM. which tears
Collectively almost-A 1l Theories apart, thereby rendering not only Cra
zy Absurd Theoreticians but also Crude A pproximate Theoreticians as w
ell as most Computor A ided Theoreticians in tears. (Heip to tearful theo
reticians: Escape to a (p+l)-dimensional parameter space.) This machine, w
hich is an important and frequéntly invoked tool in making a conclusive de
cision on the validity of theories, should not remain nameless, hence here
‘after to be called UTM. It's conscious use is indispensable in problems of
nucieation. where assessment of a theory is liable to be very subjective.

§1-5 UTM-processing of CAT

LKORES AL, BHT Eo < 0.2 THAENENRAD, Eo ik
h OE (B— 52— BREOT hBZIOEHE) THaho, CORERR

h<1073 LHRTE, $- T, k™! > 1030 & L1853,
2%h, LKARVEATE 301, —HoBOFKIcEb 3EMd1 03%0 £
LoBRRIBOoh 2, RicHFar1 03°° FoRFERE~V v ATHAILLS LT
BELR—t=A 1A (< [404-}V])3) 20 VI-> THRMET, BFHICLTH
1 024° S OMERES CEicihb, (BRAIC, Dyson[' 19] OFFE L [#%K
Wl RBVWTIR1001 0" FELWHHFEGOBRRY, RS MEEEBIC] [FH
V8l mtoh T, LKARRBEOLEZOREBETH S, ) EEZH9RTE. LK
AR TEEO" EROBITICBERTER Y,
- CofERE., ERXoEARFEL(EROBNTHARTES Wb T, X
B ETREEBROMTRBMONEVS CEERFLTH &7 10

— 354 —



NEERYEOBR L FRORE |

§81-6  What Went Wrong With CAT .

BiEi Ok, EEENEGAERORREERTEN, EVWH I EERKT IR
TV LKORES KRS 2MBESS 2. K7 v+l U(R) DbETR
FIFEo=h/2, W DONYEBEDCHB THAMN., THIREEBVLEHOBE ORI
EJoULWTW2, WEEZTVWAMBTRERNSR? L. ToHER, Eo ik h
OB ELTRichEBny, BLLHELTASB L, Eo(h=0.09)=1&,7-TL
T, 2FD hdy 0.1 BEFTHALARLI CHEZAREREELR(B-TL
EHo WIKEAW., [KE2H "BEORKT MicSdhTHRES RIMArEh
W] EWIRABHEBE LB IRT, HFEER0—H2EIFhiE. Eo(h=0.016) =
0.5 ThHd, COFHIBIERRICERTBELRIET, KF 2 O&BK ©HEd M
BRATH>Td. VGS T RIF—BNELRRFNE v 2 VEERIIMHHT K
EXRVBEHLTHS. §1-0 ORIZ. HEBEHR LR L5 CERLLEHKT
R:®F v+ VEAVWT, COEBEREHENICRLEBEIODDTH %,

ROLSMa*y bEREESNEP BNV, [REERR"ES 8" REK
EVWEEICHEMRIENZ bOIRAERIVL S, M(R) ODR=0{IETOEREEZK
K LTHEABR OV, KEE» SHNNBLKOARTHELTRIEWS, | —HEd
2aXYbEMB, RAOUBREROBED TH S, (DHDEBIEIIC [VOINK] T
Hbo EhHLEE->T, TOBEBRBMWIBUES TVWonE] TR, Boh7EBRI(IY
Wingl )% LR, MEoERmbSEHER V. ER. BEOERKK cHIET 3
EEZEZONSE hOFEHBICRTLKARDOEX AHEKRERIZIEHESELIONLULLR
2% (REBBHE). 2D LKAROTFEE b > CTIEEHEOFELTHILIRTE
BV, HRAFRWERES RIEEITIEiRLD, WFhBRHEO @HRR
ZRBHE. EVWIFHERIOBRBENTHA I, (METIHIRE->TH, HEOD
R=0TOHEUPERERENCELETIOTRPRIVIELEN, LhLL. IO
RIVLKORESEMOBRS ek, GLAREE NS, (IS, VGS
DERBEEMIZEo BREVWRELB Y BKEL. TR, R=0 {TEd SO
ERENOEDT P 5TH B0

| §1-7 Beyond CAT

[Remove assumption3, Return to Orthodox WKB, Recompute nucleation rate]
RE1RE2OTT. EEMNWK BIELIC L > TFE &N 3R

Fuke = v (Eo(h)) exp (—2S(Eo(h)) /h) o
HoT, DT RNF—EICRIFT S sub-barrier action S (E) KU attempt
frequency v (E) %2EE L. #hdic Eo(h) OHE@EERATAIEICLD.,
WKBEMIESSKHEEKESE hoBWRELTEZIIENTE S, RickR2
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(rooTuke) ™! EWVWHIHFMIHPEERL TERTRT (to0 & 7= tooh 7 TF
RIN2YHBFEOFERMT. hitKo B VWER) . AROBERIXL K X %5 E
L7cbDTH B, (BEDHPh=0.035 TRYUNTVWABDIE, LKOVGS = xF—
OAMEPBECTLIIRIED I EERT, ) BRURL7ch ORI THEFIC 30 FTEEOD

(Tool) 10” \

50 3
|0 \ "
\
LR
40 5

10 e
(SN
Q/\\\
vo\._s.__._ h
0 0.02 0.04 0.06 0.08

BUWHBHEIERERSNIV, LIAT, ChiBOZERMBETEEREE, BL
CTWKBOHREGNWEZETEHERCES D, WEEHLEILTEE, ThTROTKk
Dy Yab—=F 2 Y H—FBEREHERICHRNTT 2RDTH 7 [Nakanura et al,
"94] &CA, h> 0.0 OEBTOHEER(RoBRR)IRIORETIXIWK B Dk
RELCRFERTVWI EBH 5 feo ZRUTOh TREFOIVWHEREE TS
55, Tuksa/TOh=0~OAFERK4 LEREON, BB, WKBOERIX1
DEEORFEZRVWTERREEZSX 5 I EBHER SN,

§ 1-8 UTM-processing of Standard Model: physical parameters
TS CRERTHASHARERSBEETcEREIN 2 ERE LT, BRI i
BT H5hDEEZFMLUTH & Do AL nucleation centres DEKEN., BLEE
REZABLTCHOBERBBRE NS T TCORBEME tobs E45%, RN
X LUTHECHRBTHI2 5, ,

N tobs ' =1, HIB (rool')"! = No {{AL. No = N T obs/ T 00)
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NBERYEOBIR E RROEE ]

PR OLERDRETE S EELTED S 5 [Lifshitz ot al,” 18]o HER
B#len® OMNVEAVWTVWEDT, NOEELT7? Y2 ¥ FelBEXNEL L
L B6 Tobs 3. ELHISNY, WORBETHA 5, —F too ik, empirical co
nstants DD {pv & ob} KIFITEETH. REBICERS L 1 0psec (=
10 'sec) BELN S, RECNOOHKEEFEATHIE, No = 107 2B 3,
ZIT. COBRSHORBESAL 1'0% < No < 103 REERHEELT
JRALTALI. $5&, LROKRHEDLS 0.0165 > h > 0.0148 LFFMEH. &
FBIEME LT, 0.510 > Eo > 0.484 HESH 3, |

ULDRITIZTS COEREBEEMCIFAEBELIT W, AWLERF— 213,
TS COE4% OFMORE NHICKERBBR S il LWIFRLETITH 2,
DEEE, BHRISNABERBEBEERETIERENLIMQANTHE VI RE. X
U No DIt S>WTOEERR. OSHEOBCESCRBITTH »To o &
AT, EBRRE TG 5 physical parameters O{HZ M T 3icid. MR &
X5 empirical constants ICRYd AIEHEMMNESL, £ T physical parameters
EROBITE o | |

Ro = Roo h™27, Uo = Uoo h"®7, 70 = 700 h=*7
CORBOFAIZ. {Roo. Uoo. T oo} 5 empirical constants DD
{pb, ob}) DATEED, HRTHEOAEHDOKRE Y e KON, EWVWH T L&
THb(ev RhicRR&EATWS)e HAAIZ {pb, ob} = {0.01g/cm®, 0.02
erg/em?} M AEERAT 5 L. |

{Roo. Uoo, 700} = { 5.48A(ong_stroém), 0.810K, 9.42psec }
ERBZDT, ChZXILKBAhDOLETREEEGDLET

17.7 < Ro < 18.3A.  8.47 < Uo < 9.00K. 54.8 < 7o < §7.4psec
282, Bic8§1-$TBRILEIIT, pb R ob DERSPVWTREROHRLEH
D, HoV TNOMBELVHEI Y ORN, CRO5DEEZEATH R0 (-
TRo) BRVZEDSIEW[Roo i (pbob) V7 BT 3]s ) T, TSCHE
BORERER 0.4k ThHH. Lo Uo ofiefMAid. ChIRERZSHBATT=
107° iKY T2, H>T. T /Eo =107"" LB->THYOREL Bl sh,
HRHABFERE Y, (ARSI PWKBEMYMICREF TR u» S, KE 2
BHRENICAETH S, HLU. BLZEh=0.015 EH-7hd, BRMUTRE?2 b
WlhahTidWwa, }

o §1-9 Macro ? ‘
MQNEWHSEEEFoT &N, BLTLOFE RiZMacroscopicQ N %= &k %
DTHAI Mo KT —MRITMQP ELEI L &(§1-0 BR)OME R, THiF
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PIAREROXEBERCESN 32 HSTULSHHERPES TRV ; |
"One can, of course, argue ad nauseam about the precise meaning of the phr
ase "macroscopically distinet”. + < + A sweeping objection is that any ph

enomenon which involves quantum interference effects can by definition not

occur "at the macroscopic level”. One can no more argue with this view th
an with the claim that the mere fact that a certain kind of behavior can b
e programmed into a computor ipso facto disqualifies it from being "intell
igent”. For our present purpose it is adequate that the "disconnectivity” -
of the superposition of "left” and "right” states is of the order of
the total number of electrons in the device(10'%-1023)" [Leggett & Garg,
" 85] v
CCWHTER D(=disconnectivity) &id, 70 7LV ADARRAEKRBBILRSH
EEIHEE Ok Leggett[ 80] DRI TRIBS Wikl T,
"Crudely speaking, + + + a measure of the subtlety of the correlations we
need to measure to distinguish a linear superposition from a mixture”.
DEVMFRTFHOFKICRIT 2 HDREELR2HETH 5. 7 0 FERFEE
TOME ERNEBTRR ] (HRY - BEM)RD=1F1B2035RTHD.
D»1 THEBSIONZ5HOMQPIRIIBENL VW, {FEHS MR, FABR
i TERMNBTFERE] CVWIESRLRShA LV IRUBLBEVWTSHE WV, ) TS
CHEBRIBULT, Ro=18A LV IFIHIOREHNEL W ETHIE, Chi %R
DOLKEM () OB LTk, ERM5AOTEHOELEM(IWIVIx =0.06])
BRSLTWA I LR, DRIDEBMILEEINE~Y v ARFOMEBEE. H
5101 2, LHBLTEDA D, EThid, Macro Ei3VWhNETH Meso
("mesoscopic system” EEIRMOERDBHR TR, Bt 4 XOEEKR IR T)
EEABIEIREAI o

B2 B ks K |
BHBRTE S f{IE Not (Very)™ Absurd (n =natural number dependent on
subjective evaluation) EE-TH<, ChT&a/B. KHIMHEBE->THTLLHT
7o LETELWERTE M. [ 8§1-10 Further UTM-processing of Standard Model:
empirical constants] 25 TR®FLT. 5B \WEE ¥ Ao 2V, physical pa
rameters KHLTH O LTRMATS CEREBATENE3 b, WSOELET
EREEE» S SHESNE L@, CORZEBBELIEVWE, MQNMBEBRlEN
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LIEBRTETIEA 2D, HIROERFCINIKESBTVWMQNO—fFRTL
fo s, BARRIITIB M IV-specific features B DRIERZD EE A emp1r1ca1
constants OEVSFTEHE I L EI D, EHERRHETERWETLLETREHEZ
@6# B3V ENLDOHIBEREMES T A2 Lk HIENICE@TE
CEAQIEAERNICEBALEDBLENEDE T, & S ICEERTEKS
ﬁﬁ%(%@@ #) BA» SHHN TR I RETT, BWBRBAFHEALTY,
PIETRMQTOHEAEE LTOMQNOEGRE. 7 OBHEICESE Y TTR
CRFE LA, HA MQT—fHEORME. AIbHE (FBRTER) HR. &
ZREBREBDERA, B RIZEAMITIE Caldeira & Leggett[ 81] DA T
FZ-TEMAIEZEIZONETHHL. T = -In F X3 [EEAR] oHEREici
LT EBEVIRTIRIEWE 5 T [Leggett, 93])o L L, COHMEEMQ
N OBEER AN IS LB [Burmistrov & Dubovskii, ' 87] DFERIZ. L
KARICBBEBREMMLABIRKZ> T, LKAROBEATEBR IV bF
HOREVRRILOBAATEERA, 2LV REOERCEAT IRV ETE
ACEE . BRMRBEGEAZRE LES. CORIBLTELRESSSL5T
TH, "EBELEVWVIDEEOERKRLESDTHL X Caldeira & Leggtt['83] kU
Leggett[' 93] 2BH ), - T, HEBHROFEVWiICOVWTOHEEXELE T, HL.
BRI R BB PV TEHEGVBECEE 3 LRERSBAIc»rhL ORI LI ET,
TSCHMQNR2BAI LA LRETHIE, B ROBER. Bol. HFarE4
BEEELTWAIBAERZVWTL &S0 TN, RIRTHEEZBEL TFREL
physical parameters DE b2 A NTREL A S EFENCBUENIZILE T,
MQNORIESTEILT 3icid. EROICHBETES 52 —9%2EZXT. Th
KOWTODRENRARETT I CEBARYRTYT, HERHMH S A -2 3 BETH
DL CHESDVWTRBRRERF - BFELTVET, TS C TREREREDY)
%Eﬁ%%xégéﬂbmiﬁ%miégtnt é’f’ﬁénffobs hoixting 3
BREERKDOATVWET,
mfnuﬁ; RERBRERZGOERIER~NDOEO Y RIZES. BTHL
THh. BBFETT (LKAXONELBRTE2ORERL TEShb - 7 [/ B
§L@§mmhﬂChﬁﬂ@m%@ﬁﬁﬁ\m%ﬁmﬁﬁwk&nwﬁmoﬁ&
HDTODOHBHBEEINRETL& I D»), SEHOHEHFEDL, 2T oAk 21EE%
Kb vR VORI TEAEL OHHEEEHRD DIRXERES, 19] EE- 70
Tdo |
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B3 ORER  ARSBRERE & SEEME
([Quantum, Paradignly and Ultra Low Temperature.P hysics)

BERRDETRIIWS, EVWHIEEXBIRTEIENHEDET, T3, BRED
LS REBEERETAAOMBLEBVET, (FRC, DB 2HEFLEE
WEFT, WRIARM (i TXHAA] ) KE->THEOBVWRE» S LA T A,
ZHRPDEROGEBEREIRLOILOTRH DV ER A, ) BRI ORI HF LS
MIRBETFTRELAEBRERRVWERTATLAL, TORBHARHBCBELDEEA.
RHANNDODHFHFORPOSNTOATORIDVBVWEFOERELHIETHERIENIZX
R TRIRERLEEWEST, LT, VeryLT. UltraL T &¢EATE it
3. TremendouslyL T, SupremelyL T, - - « B EBLL{HLLTLL D0
Thic, BEERETILEHGFE L LTERESH IR TR EDELA, §1. 9 T5IAL
7o Leggett wWXIE. MQCNDERZ2RIEATOMQTHACEERUZER/RL TS
HOBOLIEBMTHEDVAIRAEZEOHLAAHERXTT S, TOBES " - -
+ and Quantum Theory of Measurement” &> TWA I LICEHBEXWE LWL
B0, CORXOEMHIME 2K > 7 Caldeira & Leggett ['81] MIAKITH]
Aahs0iRlbLT, CORX S L IIBIEIHK [Leggett, "84a;"87] TRH[SINT
W3 [ BFNZECNT 2IRFNER, A5, BEORFHFORMRABREMUNT
bOIKBEY., WRETZFROBEHM (conplexity) BKT B ic>NWTRTFNEFED
BUBBEENLTZ20TRE VA, EWSFHE] &, Wb joke ERBEHTVE
LOTHRESIHSNBILEBDDERA. CHIRAESHOMBFEED [Rex] %2
AT bHNERVA. LAL. FAOBAlT2 (U LALEV)E TS, Leggett
KB | AJL>= | Authentic L>+ | Joking L> EtWHIREIKHZ LI TT,
A SRR [HRRITA)] EWITETT, WSE—HORBETHAREK
bRFASNE LRI, HRTHFRRRIBEVEEBERICLTHNDOTHETE S
bDTTo k. Ric THEEHCERLABFHEOEN] BRERShs L LS,
ZOARDOOIBAREBREEHEBERIBHL TS W3FERLEVWEST, EEE. B
B, £EQURENSHe KHBERL T—EHBI 9,

Ode to He ‘ ~Y v A BB

He was the first[>1] to appear in the % FHICRYIIcEN T

He is the most [>1] to abound in the U FHT—BOIWEOE

Who is He : ZhILEE
He is He N NN
[Anonymous, " 993] [(BBREER]

(?j= Wheeler[' 80]'s symbol for "Participatory Universe” )
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B 4 #URRRT
BEREI—FMEARTE6DTUL & I b M2 WbL.,
[+ RAZOMERGRIVEE[ERICUSIZLFES, - - -
PUr%2b->THE—LT. « -+ omALoPIThHk,
ZERIEVSEDODOEEOVEDLEL St - + -
ZERILVSbORE/ 1LV EOREIOMiIcS s bt - - -
B LTRSS FERLTERS DY COMMARER S OH]
FRIELTS, | |
A Central Dogma Runs Through It [adapted from Redford, 93];
Quantum Paradigm All the Way
From Down-to-earth to Cosmological
~ From Creation to Diffuse-end(less, k <0)
EVWIMBFEORRICES T, BFRORET 2iXE L &HMIE MGENBE] 2
ELZ->TEEEIZRCVDLBL L >TVET, (BREMIITIE Mind(0?;"BIRZ L
" [{E 8, ' 90]) [Penrose, "89] Lf& 5 icBET 2 (RM)DTL & 50 L L.
EIETHMTE b, Bic [REN] MBTY. )} hik. CLARROYE~D
—DDFLORE LT, ZBNCEAZREHLDTL & o HKAHNFKLODVWTOTF
HORMEEOEIYTREZLEDOET,
[0y~ vSOERIZ. « + » MEEE Lo WREITH-R LI
ZTOUBEELILED - LB D, LEILITHRERRIBEEHF LI EEIL
7eDTHBo + ¢+ » LhL, BRBIEDTOTERZRLT, I LVWHES
BECESHLTYCECE, TOEMDRNTHY . HEOHOBROT
H%. | [{EEE, '57: Brodal# Wy/J~DORFBFHI]
RE M's &8 MM
§ Rdumb]es of QMecanically-hypnotised half-aSleep Toad
Mixture ?

Questionable;

i

Collapse ? Perhaps I am in the stateS do= | ot >.
Tondemonai; | B

Nothing but coherence.
§ Meaning of Meaning: A quote from a quotation by
Wheeler[private communication, ' 84] from D.Foellesdal:
""Meaning is the joint product of all the evidence available

to those who communicate.””
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