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Abstract

The importance of not only uncertainty relations but also the Pauli exclusion principle

is emphasized in discussing various "squeezed states" existing ill the universe. The contents
include:

I. Introduction

II. Nuclear Physics in the Quark-Shell Model

III. Hadron Physics in the Standard Quark-Gluon Model

IV. Quark-Lepton-Gauge-Boson Physics in Composite Models

V. Astrophysics and Space-Time Physics in Cosmological Models

VI. Conclusion

Also, not only the possible breakdown of (or deviation from) uncertainty relations hut

also the superficial violation of the Pauli principle at short distances (or high energies) in

composite (and string) models is discussed in some detail.

I Introduction

I have been asked by Professor Y.S. Kim, the Principal Organizer for this Conference to present a

paper based on nay recent research results in the field of squeezed states and uncertainty relations.

Since I am a particle theorist, I have not so much to say about "squeezed states" in condensed

matter physics (or science). Therefore, what I aln going to do is to discuss "squeezed states"

in nuclear physics (or science), hadron physics (or science), "quark-lepton-gauge-boson physics

(or science)", astrophysics (or astronomy) and "space-time (o1" cosmic) physics (or science)" (or

cosmology). In either one of these discussions, I will try to emphasize the importance of not
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only uncertainty relations but also the Pauli exclusion principle. The reason for this is that both

the Heisenberg uncertainty pril_ciple and the Pauli exclusion principle are the most important

principles after the particle-wave idea. on which quautt|m mechanics is based. Also, these two

principles are closely related to each other so that they may not be discussed separately. Toward

the end of this talk, I will even discuss not only the possible breakdown of (or deviation from)

uncertainty relations but also the superficial violation of the Pauli principle at short distances (or

high energies) in composite (and string) models.

I would like to dedicate this talk to Dr. Eugene Paul \Vigner, the late Professor who has

developed the group theory and its apl)licalion in qt|aIlt, uIll mechanics of atomic spectrum based

on the uncertainty prhmiple and the Pauli principle [1].

II Nuclear Physics in the Quark-Shell Model

In 1975, Arima and Iachello taugl_t me float nuclear physics (or science) [2] yet needs a totally

new model, their illteracting boson model [3]. In 1979, 1 proposed another model, the quark-shell

model of nuclei in quantum chromodynamics, presented tlle effective two-body potential between

quarks in a. nucleus, l)ointed out violent breakdown of isospill invariance and importance of U-

spin invariance in superheavy nuclei and l)redicted l)ossible creation of "SUl)er-hypernuclei" in

heavy-ion collisiolls at lligh e_ergies.
In this section, let 1he start with discussing S(l_,eezed states in nuclear physics. The nucleon

density in an ordinary nucleus with the mass number A and the radius I/or in ordinary nuclear

matter is PN -- A/V = 3A/47rl_ s = 3/.lr:, I_'_ _ ().14/(.fcr,,i) :_ where V = (4rc/3)R 3 since R

RoA 1/3 for Ro "_ 1.2 fermi. A n_uch higher nucleol_ density can be found in a.n abnormal nuclear

matter such a.s the neutron star or the par! of a COmlX)und nuclei to be formed in high-energy

heavy-ion collisions. The latler of which ,nay lw l_roduced in llle near future by RHIC, which

is now under construction at BrookhaveI, National I_aboralory. It is very intriguing whether the

future experiments at t:_[llC will observe, for tlw first time, the phase transition of nuclear matter

from the ordinary nuclear pllase to the abnormal l,oe-XViek I>llase in which "effective" nucleon

(or quark) mass inside the nucleus _nay be _nucl, sn_aller than the normal value [4], which was

predicted in 1974, and also the phase transition from the ordinary nuclear phase to the quark-

gluon phase in which quarks and gluons tl_a5' be deconfined or liberated. Ilowever, it seems still

very difficult to calculate the cross section for producing such abnormal nuclei to a very good

accuracy and also to imagine t.tae reliable signals for observing t.hem.

A little later, in 1979, Chin and Kerman, and independently myself predicted another type of

abnormal nuclei (called super-hypernuclei or "strange quark matter") consisting of almost equal

numbers of tip, down and strange (luarks, based on the natural expectation that they may enjoy

suppression of not only the l:ermi energy but also the (:oulomb repulsive energy in nuclei [5].

Furthermore, the possible creation of such abnormal matter in bulk (called "quark nuggets") in

the early universe or inside the neutron star had been discussed in detail by Witten, and the

properties of "strange matter" had been investigated in detail in the Fermi-gas model by Farhi

and Jaffa. Recently, Saito et al. found ill COSlnic rays two abnormal events with the charge of

Z = 14 and the mass number of A _ 370 and eml)hasized tl,e possibility that they are super-

hypernuclei [6]. In order to deternfine whether or not these cosmic rays are really super-hypernuclei

as claimed by the cosmic-ray experimentalists, I have investigated how the small charge-to-mass-
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number ratio of Z/A is det.crmincd ['or sup('r hypernucl<'i when created and concluded that such

a small charge of 3 ,-_ :10 may be realized as Z <_ V/:S/aA*/' (_- 15.7 for A = 370) if the nuclei are

created spontaneously from bulk strange quarl< matter due to the Coulomb attraction [7]. The

second most likely h,t.erprotation of l.he Sail<> events is t]tat they are "technibaryonic nuclei" or

"technibaryon-nucleus at.ores" [8].

In conchtding this section, I wish to a<tvocate my proposal for measuring not only the weak

mixing angle but also the quark detmity in nuclei by ol_serving the effect that the electron energy

spectrum in nuclear :J-¢locays is all'coted 16' the weak neulral current interaction in nuclei to the

order of several e\: [9]. Also, I xx'is}t lo advocate my proposal for studying lhe quark structure of

nuclei in inelastic virtual Collq)ton scat.toting of phololls froln nuclei for lepton-pair production,

_/-1- A --+ 7 = + aT_/tlei_9 and _'* --_ e + ÷ c- [10].

III Hadron Physics in the Quark-Gluon Model

In this sect.ion, let m<, discuss squeezed s|at.es in hadron physics. The quark density in an ordinary

hadron with tile quark nltnll_cr Y,: and the radius I_:, or in ordinary hadlonic maUer is Pv -_

: : = 16_,_, _Aq/_.h :l\_q/4T .)/,1T,._, = l.:L5 _ 2.61/(f c,',,,i) :_ where _)_ = (.IT/:/)f6 _,and v7, is the proton

charge radius o[' th(, order of 0.81 fermi or l.he prol.on "quark radius" of l.he order of 0.6.5 fermi [11].

A nmch higher quark density ('all t>e found ill an a.bnorl_lal lmdroll or almormal hadronic matter

such as the dense quarl<-gluon l)lasma or the part of a compound hadron to be formed in super

high-energy ha<Iron collisiolls. Th(- so-called Ccntallr<) evetltS wilh extremely high multiplicities of

produced hadro_> (_::, = 100 ± 20)and wil.lt unusually high average tra_tsverse momenta ((PT} =

0.35+0.10 Cle\:/c) l,llt wit.l,mt _il/y 7's observed in tim cosntic ray experiments by the Brasil-Japan

Emulsion C]talnl)cr (:ollal><)ratio|t it, 1977 may be in<tications of s_lch abnormal hadrons although

no candidates for such (,xeric ]ladrons have yet been observed in any accelerator experiments [12].

IIowever, my l)orsonal pre.illdico is l llal. SllC]l ulmsual events may not b(- t.aken as indications of such

exotic hadroils }_IH.1>_*Cxl)laiItd eil l/or 1_5' coherent effects of many nucleons in projectile and target

heavy ions or 1)5' illcollcr<,nt, c[['<,ct.s (,f individual nuch-ons since t.]le charged multiplicity in hadron-

hadron collisioi> at very hig}t eil<'rgi,'s may I)econte ll]ucll larger thal_ usually expected. In fact,

in 1982 I d¢'nKmstrat._'d tltat the av('rage (:harged _nultiplicity ((7,,,_,)) and transverse nlolnclttum

((pr)) of pro,lucc<l i,a,.ticl., in h_,dro,,-l,adron collisions at very high energies (..F) have a simple

relation of (,_.j,)"(l,r)/v_,_ = constant (= 0.70 ::t:O.O5)in t.he g,,,teralizcd Fermi-Landau statistical

and hydrody_,an_ical _t_odol. The rolalio, is satisfied rentarkal>ly well by the experimantal data

up to tlte SPS I'-P Collidor energies and will soon be t.estcd by Tevatron Collider experiments.

From the relation. I have prcdiclcd l.lml the average charged multiplicity will become as large as

(,,_) = 47 + .e at, V.<= l.S To\: [I:_].

[ have discuss_,d so far t l_e sqt_'eze<l states of mmh'ar matter and hadronic matter which are

squeezed by the extern_tl force or pressure caused by heavy-io,_ collisions and hadron-hadron

collisions. Ilowcv<'r. some lladro.ic itmt.ter can be squeezed 1)y itself at. low temperatures (or low

energies) due to Ilm very stro_tg attractive force between constituents of hadronic matter, the

quarks. It. may be called '"self-squeezing'. Vor exalnple, the very heavy top quark (_) and the

antiquark must hay<. a very slrong att.ractive tk>rce due to an exchange of the tliggs scalar (H) in

the standard model of (;lashow-Salam-Weinberg for electroweak interactions. Therefore, suppose
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that the vacuum consistsof quark-antiquarl_and lepton-antilepton pairs as in our unified model
of the Nambu-Jona-Lasiniotype for all elementary-particleforces[14],wecan expect that a top
quark and an anti-top quark beself-squeezedto form a scalarbound state of tt [14]. This is called

"top(-antitop) condensation". According to Nambu, this is a kind of "bootstrap", the original

form of which was advocated by Chew in hadron physics in the middle of 1960's, since the Higgs

scalar is taken as a bound state of t[or a condensate of t[ in our picture. In 1980, I predicted, from

the sum rules for quark and lepton masses previously derived in our unified model of 1977 [14],

~the top-quark and Higgs scalar masses to be mt= raw = 131 GeV and rnH _ 2mr _ 261

Gev. Much later, Nambu, Miransky et al. and Bardeen et al. made similar predictions for mt

and mH in their models of the Nambu-Jona-Lasinio type which are similar to our unified model

[14]. In 1990, I derived a similar sum rule for quark and lepton masses in a model-independent

way [151.

IV Quark-Lepton-Gauge-Boson Physics in Composite

Models

In this section, let me discuss squeezed states in quark-lepton-gauge-boson physics. Since Pati

and Salam, and independently ourselves proposed composite models of quarks and leptons in the

middle of 1970's [16], hundreds of particle theorists have extensively investigated these models in

great detail for the last two decades [17]. For the last decade, thousands of high-energy particle

experimentalists have been seriously searching for a possible evidence for the substructure and

excited states of not only quarks and leptons but also gauge bosons [18] although they have not

yet found any clear evidence [19].

In our unified composite model of quarks and leptons [16], not only quarks and leptons but

also gauge bosons as well as Higgs scalars are composite states of subquarks (or preons), the

more fundamental and probably most fundamental constituents of matter. All these fundamental

particles in quark-leptolvgauge-boson physics may be taken as self-squeezed composite states of

the quark-leptonic matter. Since our composite model of quarks and leptons is a simple analogy

of the celebrated quarl<-gluon model of hadrons by Gell-Mann, Zweig and Nambu, it leads us

to a lot of easy analogous ideas in quark-lel)ton-gauge-I)oson physics. One of the most eminent

examples is the principle of "triplicity", which asserts that a certain physical quantity such as the

weak current can be taken equally well as a composite operator of hadrons, or of quarks, or of

subquarks [20]:

J, _- /)_%,(1 - 7s)e + P,7,,(1 - 75)# + _%,(1 - 75)r

C__Tp%(1G_ gAc¢ _ C__p%(1GA ^gaA75)A+ - + .... +
gv gv

+ I,_,d_i%(1 -- %)di + l'_,_z_iT,(1 - %s)si + "-.

_b1%,(1 - 7s)w2,

where wl and zv2 are an iso-doublet of spinor subquarks with charges -t-1/2 (called "wakems").
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Another example is scaling mass paranleters of hadrons, quarks and suhquarks. It asserts that

the current mass of light quarks be scaled to those of subquarks which can be as small as 45 GeV

and that the "electrostrong" gauge theory for hadrons may appear as an effective theory in QCD

as the electroweak gauge theory for quarks with the scaling relations of rnn/mw = m,,/mp, which

predicts mH '_ 94 GeV [21].

The principle of triplicity tells us that the Higgs scalars can be taken equally well as compos-

ites (or condensates) of subquark-antisubquark pairs or of quark-antiquark (or lepton-antilepton)

pairs as in our unified model of the Nambu-Jona-Lasinio type as 7r's and a as those of nucleon-

antinucleon pairs as in the original form of Nambu-Jona-Lasinio model [14]. In this picture of

subquark-antisubquark condensation, we have derived the mass formula for composite quarks and

leptons from a partially conserved induced supercurrent hypothesis. In supersymmetric composite

models [22], it leads to a simple sum rule for quark and lepton masses of [23]

...1/2
"/l'le/2 = 731'_/2 --"'u

if the first generation of quarks and leptons can be taken as almost Nambu-Goldstone fermions [24].

We have found that not only this square-root mass sum rule but also another similar sum rule of

1/2 1/2 rnl/_ my 2 are satisfied ren_arkably well by the experimental values. Furthermore,m - m e = -
if the first and second generations of quarks and leptons can be taken as almost and quasi Nambu-

Goldstone fermions, respectively, we can derive not only a. simple relation among lepton masses of
3 2 3 I/2

,,_ t,_alm ]1/2 [25] but also a simple relation ainlong quark masses mt= (rndm¢mb/m,m,)mr : k"_#l el

[26]. These relations predict m_ % 1.520 MeV and mt _ 177 GeV', which should be compared to

the experimental values of m_ = 1777.1q-0°:_ MeV and m, = 176 + 8 + 10 GeV or 199 -1-_19+22 GeV

[27], respectively.

In 1991, I suggested that the existing mass spectrum of quarks and leptons can be explained by

solving a set of sum rules for quark and lepton masses [28]. Today, I am pleased to announce that

it can be explained completely by solving a set of not only the previously derived sum rules for

quark and lepton masses but also these newly derived relations among quark and lepton masses.

As an illustration, given a set of the sum rules and relations of

_ _ = -- m,i , = = mdmcmb,m e = 111d

I have obtained the solution of

me m_, lllr )

/7_ u 172 c 171. t

Tr/d ms ?T/b

0.511 MeV 105.7 MeV 1520 MeV

(input) ( inl)ut ) (1777.1 +o:4 MeV )

4.5 4- 1.4 MeV" 1350 + 50 MeV 183 + 78 GeV

( input ) ( input ) (176 4- 8 4- 10 or 199 4-_ 4-22 GeV )

8.0 4- 1.9 MeV 154 4- 8 MeV 5.3 4- 0.1 GeV

(7.9 4- 2.4 MeV ) (155 4- 50 MeV ) (input)

where the values indicated in the parentheses denote the experimental, to which nay predicted

values should be compared. As another illustration, given another set of the sum rules and

relations of
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q ,1 q,l q.l q.l

,_,i_ .,_i_ ,.,, , _ = _= __ __ ---_ ,ll, d , 112

.,e?777rr 17,_, 3 2 3 2z PtlulTIsHI t z 777d/llc771b _

(m,,lm_) '12 = (re<fin,,) '1_ -(m,/ma) 'l_,(m,/m,,) _/_ = (mr/m<) _/2 -(rob/m,) '/2,

/I

I have obtained the oilier solution of mH(= VO._i 3row) = 261 Ge\ and

TO'e ?N"/x 727r /

_7_u 177c /J?t

for mw= 80 Ge\;.

0.-19 Me\ !

(0.511 ._leV )
3.3 MeV

(4.5 -f- 1.4 X'Io\ I )
(;.3 _Ie\,'

(7.9 :i: 2.4 Xle\ '_ )

101 Me\."

(105.7 XIe.V )

1204 MeV

(13.0 -i- 50 lkle\" )

1-10.8 MeV

(155 -i- 50 _le\" )

145,t MeV

(1777.1 +°:. i MeV )
131 GeV

(176+8+ 10o,- 199-F{9-t-22 GeV)
5.3 + 0.1 GeV

(input)

In 1977, I suggested thai tlie CI<NI quark niixing llla.tlix (I/_nn) can be defined by the matrix

element between the n__?__thup-like quark ({",w) wil]l charge 2/3 and the n,th down-like qtia.rk (d,,)

with tim charge-113 as (,,,_ I 6',^_,,",'_ Id,,) = I;,,,,o,,_,_,,d,, and tlmt the C:abl)ibo angle (and all the

CKM mixing angh's) illay var\' ;is a filliCtiOli (){' IIIOIllOiltlilli trailsfer between quarks [29], which

should be observed in the ]'tllur(' liigh ell('l'gy eXl)erimelils Sll('ll as for decays of b -+ c at/7 factories

(or t ---+ b) and for scatteriiigs of v+, ---+ I+,_ aild v+, ---+ l+d (or e+u --+ v+d and e+u --+ v+s

at tlERA). In 1951, we predicted that the (:al)l)ibo aligle becomes larger as momentum transfer

between quarks grows up ill a sillll)h' subquark nlod(;l [30]. Furthermore, in 1992, I pointed out

that given llie tts elen/ent of lhe CI<NI quark mixing tnalrix (]";,s), all t.lle other elements can be

successfully exl_lained or predicted I)3' usiiig tile five relations derived in a coinposite model of

quarks [31]. In fact, given a sel of the relalknls of

c'L _ -LT,, _%_ -G,I _;.,,I_ (,,,.d,,,,,)I _;,_I,I _';,_I_ I,,,./,,,<)I _%_.'k1,1¼aI_-Iv_:_GbI,

I have ol)t.ained the solutioll of

I'{-<_ I _ 14,, =

17j 1). l{,,

0.!)7.'$ 0.218 _-- 0.22,1 0.0017

(O.!)Z17 ,-- 0.!)75!)) ( input ) (0.002 ---, 0.005)
0.21S --, 0.22,1 0.975 0.021

( _,(0.215 --_ 0.22 I) (().3_.J5 "-_0.9752) (0.032 ,-- 0.048)

0.00,16 0.021 0.9996

(0.001 --, 0.015) (0.030 ,-- 0.048) (0.!-)988 ,,- 0.9995)

To sul'n up, I wisli to eml)hasize tliat nol onl\' liie inass spectruln of quarks and leptons but

also the CNXI quark lllixing matrix call 1)e exl)lained s_lccessflllly in the unified composite model

of quarks and leptons and lliat "'eh'lu<'lltary-l)article" physics of qual'ks and leptons in the last

quarter cenllu'y will lie dolll)t proceed 1)y one step forward to "sul)l)hysics" , the elementary-particle

physics of subqua rks.
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V Astrophysics and Space-Time Physics in Cosmological

Models

In this seclion, lot nit discuss squeezed states of malter in the universe. A simplest example of

self-squeezed states o[' ttlat.tcr in t.]le ttniverse is a star. A planetary system, a nel)ula, a. galaxy, a

cluster of galaxies alld _ cluster of t.lle clust.el'S of galaxies are also self-squeezed states in a sense.

Since I have no time (or space) to discuss either one of these ('xamI_les one by one, I only point

out the importance of searching for "'supcr-hyl)ernuclear stars", which are self-squeezed states of

super-hyi)ernuclei (or strange quark _nat.t.cr) predicl.cd by Chin and I(erman and by myself [5]. It

has been especially advocated later by \Vil ten.

More fascinating, ]lowevcr. is to ilnagille that the universe itself is a selLsqueezeed state of

matter. No qucslion, il was a self-squeezed stat.e of lnat.ter right after the big bang. One can

imagine that it. had also been a self-squeezed state of lllal.lel' even before the big bang. In order to

discuss possil_le plls'sics l_cfolc t.lw ]fig 1)_,ng, if any, we may not I)e able t.o use any more Einstein's

theory of general rclali\ilv oil gravitat.ion. Illstead, wc lmlst adopt "l)regeometry", the more

fundament.al t.llcory,/irsl suggest.cd 1)y Sakllarov il_ 1!)(';7 [32] and first demonstrated by us in 1977

[33], i,, which graylY. 5' is tal<cn as a qua_ltuIll effect of llla.tl.cr fields and in which Einstein's theory

of general relat.ivit.v for gravity appc_,rs i.s an al)proxiJnale and effective theory at long distances

(or low cl_ergics). In 1!_8:_. we could even suggesl, the pregeometric origin of the big bang in the

following way [31]. l)rcgcoIl_'l.ry Ilas changed the nol.ion of the sl)acc-l.ime metric completely since

the space-t.illle nletric ,all l_e t.akcll i_s a kiiid of colnposile object, of tlle fundamental matters.

Therefore, we caI_ _,_'_-_liil_agille tl_al, at high leng)eralure the :t)ace-t.ilne inctric would dissociate

into its collst.il.lltelll.s j_lsl aS ordillary elLis'ors do. TIleu, the llwlric would vanish although the

fundatnelll.al mallets slill rcllmiu itl l.llc lnatllcnla.tical manifold of tile space-time. Namely, the

pregcometric pllase in l lie pllasc of llle space-t.inle in which metric g*'"(q,-,) vanishes (diverges)

and, therefore, the dislance of d._2 = .(i,,,,d:l:"d:r" diverges. There, tile space-time still exists as a

mat, hel_lal.ical nmnifold for t.lle 1)l'esencc of t.he ['ul__dal_wnl, al nlatt, crs. Such an extraordinary phase

may be re/_lizc'd iI_ s_cll re.glens as lllat I_%'ond the SlmCe-*.ime singularity, i.e., before the big bang

and that. far iilsi,le a black l_olc xvllct'c i11_' lempcrature is ext, reme]y ldgh (as high a.s the Planck

mass), i_ a siml)le _nodcl of plcg¢,olllctry, :\kalna and I hav¢, _l¢,monstral.ed that although the

prcgcotl_et.ric ldlasc is sial)It al vc '3" ]_ig]l lelnl)cralurc the geo_nc*ric please where the metric is

fi_lile ;_nd _on-vanishii!g will tul_l out t.o l)e st._ble as t}lc t.cmperature goes down. This remarkable

po_sil,ilit v of please, I ri_I,sit iol_s of t.lw N_ce-t il_le l)etwccll the gconlct t'ic and pregeometric phase will

exllibil a. characteri.< ],' t'¢'_1,It'<' o[" pt'egco_lw_ ry, if il. is fou_d. It. seeings very at.tractive to int.erpret

the origin ,,f tile I_ig t,e_l_< _.,["ot_r _nivcrsc as such a local and S[)Olll*!lllOOllS phase transition of

l]_e sp_(c tiuw l'ro_l_ 111(' !_r<,gcolll_.tl'ic phase I.o the gcomelric oue ill ll_e overcooled space-time

_i:anif<,ld which ll_,d l,_,,:l l_l,,scl_l ill the "pre-l,ig-bang" era for SOll2C.l(,aSOll.

"[_}li:-; i ll{ ('l'l)l','t ill I(}11 (){" ',11( [:'lg 1)illlg }'rise ', Ira,m,( st, s *}lal l, here n-lay exisl thousands of universes

'.'t'Cal,',l aii,] t'EI,_,ll,iillp, ill {{re' sl)act'-lillle I_la_il'old as our ulliverse. [1 even predicts that such

difl;ntq_l _t_i\cl,_cs i_lav :,,][i_l,' x\il[/ each oliver. Furtllermore, even il_ our universe there may

exist "prcgcoI_'lri, I1,_,_s', tll_: local spot, s ill the prcgeomet, ric phase with an extremely high

len_l)cral, urc \vl_cr(, *]1_' '_l_a('('-til/le |_ctlic (lisal)pears. lil)erating el_orn_o_ts latent heat, and/or

"space-tinlc ,li_conl t_uitit.s", lhe local 1)]ai:ls where llt(' nlctric (alld, therefore, the light velocity

or the Newtoniall gra\'italiol_;,I constaIll) discretely cllanges duc to tile phase difference of two
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adjacent space-times (or two colliding universes). I have been strongly urging astronomical and

cosmological experimentalists to search for these pregeometric holes and space-tinae discontinuities,

which are much more exotic than black holes. It would be fascinating if the recently observed

"Great Wall" of galaxies (much older than the Chinese Great Wall) be caused by such space-time

discontinuity.

The most fascinating among nay suggestions on squeezed states is that in a model of the

extended n-dimensional Einstein-Hilbert action for space-time and matter the space-time (or uni-

verse), when contracted (or squeezed), may transit into a new one of higher or lower dimensions

at the minimum action near the Planck scale [35]. Since I suggested this in 1987, many authors

have discussed this "incredible" possibility and concluded that it is possible [36].

In concluding this section, I wish to announce nay latest work on squeezed states of matter in the

universe entitled, "The Meaning of Dirac's Large Number Hypothesis" [37]. Dirac's large number

hypothesis (LNH)[38] states that the Eddington large numbers [39] Na( -= a/G,n,mp _ 1039),

N2( = m_/aH '_ 104°) and N3( = 4rp/3mvfl a _- 108°) are not independent but related with each

other. By reconsidering the meaning of the LNH, I have shown that not only the "dynamical"

LNH relation of N3 " N, N2 [40] but also the "geometrical" LNH relation of N3 _ (N2) 2 holds so

that the LNH may not be taken as a hypothesis but become the large number rule (LNR).

VI Conclusion

In the previous sections, I have discussed not only various squeezed states existing in the universe

and various squeezed states which might be existing or may be produced in the universe, but

also even a squeezed state of the universe (or space-time), itself. In this last section, I have

originally planned to einphasize the importance of uncertainty relations and the Pauli principle

in discussing these squeezed states in the nature. However, since I have no time (or space) to do

that, which seems to be rather trivial, I will instead emphasize how closely these two principles,

the Heisembertg uncertainty principle and the Pauli exclusion principle, are related with each

other and discuss how they may be violated in the nature.

The close relation between the two principles seems to be self-explained in the following chain

diagram:

Ax. Ap > h -+ [p, q] = -ih ---+ [_(z),qa(y)] = iA(z - y) and {_/_(x), _b(9) l = i(i t9_ + rn)A(z - 9).

The possible breakdown of (or deviation fl'om) uncertainty relations at extremely short distances

(or high energies) has already been suggested and extensively discussed in superstring models [41]

by Amati, Ciafaloni and Veneziano [42]. They have suggested the extended uncertainty relation

(EUR or ACV relation) of

h

_a, > a-z-p + n,'Ap,

where a' is the Regge slope of superstrings which is the order of (Planckmass) -2. This realizes

not only the old conjecture by Landau and \Veiskopf who suggested the existence of natural cutoff

at a short distance (or high energy) of the Planck scale but also our hypothesis in the unified

composite model for all elementary-particle forces including gravity [43].
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Also, the possible simple viola.tion of tile Pauli principle has ah'eady been investigated not only

theoretically but also experimenta.lly [44]. Recently, we have discussed superficial violation of the

Pauli principle due to the possible substructure of electrons in composite models of quarks and

leptons, and estimated the ratio of the Pauli forbidden atomic transition to the allowed one to be

of order 10 -s° - 10 -4"I fox" heavy atoms if the size of the electron is of order 10 -lr cm [45]. We have

also emphasized that such superficial violation of tile Pauli principle must exist, no matter how

small it is, if the electron has any substructure a.t all. It seems even natural since it is a simple

extension of the familiar effects at the various levels of atoms, nuclei, and hadrons: For example,

the hydrogen atom which consists of the proton and the electron obeys Bose statistics in ordinary

situations. However, when two hydrogen atoms overlap each other, the bosonic property of each

hydrogen atoms becomes meaningless and, instead, the fermionic property of the constituent

protons and electrons becomes effective. Suppose also two helium nuclei are overlapping each

other. Then, the genuine bosonic statistics of each helium nucleus is meaningless and only the

fermionic statistics of the constituent nucleons is valid. Furthermore, when two protons overlap

each other, the ferlnionic prol)erty of protons will be lost a.nd that of constituent quarks will be

effective.

A field theoretical formulation of such an effect is unfamiliar. Suppose that the electron consists

of a fermion w and a boson C as in the minimal composite model of quarks and leptons [17]. Then,

the local field of the composite electron _/, (of ma.ss m and energy E) can be constructed in the

Haag-Nishijima-Zimmermann formalism [46] as

w(, + -
*/*(:r) = lira

,,<o I ,,,(x + I e)],/,
_--0

However, in the local limit of _ ---+0 no such effect as a violation of the Pauli principle due to the

compositeness of electrons can be expected. To find such an effect, let us consider the bilocal field

of a composite electron,

,,) = + -

where _ represents tile finite nonva.nishing size of order r0 [= (_2),/2] and N is an appropriate

normalization factor. The anticommutator of the fields, given by

N-2{,C(x, ,_), g,(y, ,]) } = {w(x +_), w(y+,l)}C(a'-()C(y-'l)+w(y+rl)w(a "+sc)[C(y-r/), C(x-_)],

clearly indicates the superficial violation of not only the Pauli principle but also causality, since

neither {to(a" + {), w(y + ,/)} nor [C(y- r/), C(a:- t[)] vanishes for (x - y)2 < 0 [although the former

vanishes for (x - ._I+ { - '1) 2 < 0 while tlle latter does for (x - y - _¢+ 7"/)2 < 0].

This demonstration may illustrate what we mean by the superficial violation. Namely, neither

the Pauli principle nor causality is violated at the level of constituent fields of w and C since w

and C perfectly obey Fermi and Bose statistics, respectively. Also, the anticommutator of w's and

the commutator of C's perfectly respect causality, ttowever, due to the possible substructure of

electrons, the COml)osite electron field may exhibit tile situation in which its statistics looks neither

purely fermionic nor purely bosonic when two electrons are located close to and are overlapped

with each other at. a. distance of (he order of their size r0.
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The recent experiment of Ejiri et al. [47] using a Nal deteclor in Osaka University may be able

to set an upper bound of oMer 3 × l0 -'m on tile ratio for Z = 53, which is the atomic number

of I. This corresponds to an ul)pcr bound of 1 × 10 -Lr cm on tile electron size r0. If this is the

case, it also corresponds to a lower bound of 2 TeV on the inverse size of electrons, 1�re which is

1 order of magnitude larger than the known lower bounds of order 100 GeV on the compositeness

scale of electrons, A, obtained by e+e - collidcr experiments [48].

In the rest of my talk, let me tall< about the future l)rospects of these two principles. One

possible movement is to take the uncertailkty principle not as a fundamental principle but a

consequence of a more basic idea. Along this line of thinking, let rne remind you of the latest work

by Ilall, who has shown that tile sum of the information gains corresponding to measurements of

position and momentum is bounded as

/(.V [ e) +/(]' I e) < log2(A.V)_('--X/>)_/h

for a quantum ensemble with t_osit.ion and nlolnentum uncertaitlties AX and AP [49]. In any case,

we may need to investigate scrioltsly cxlendcd ullcertainly vclat.iolls such as the ACV relation in

superstring models and generaliz<,d _ol_local COllmmlatioll relatiolls such as ours in composite

models discussed in Seclion V (, and also l)Crhal)S quantum group).

Another possible movement is lo take the Pauli principle not as a fundamental principle but

a consequence of the more basic idea. To this end, we may 1iced to reconsider generalized Bose-

Einstein and Fermi-Pauli statistics such as parabose and paraferlni statistics (, and also q-bose

and q-Drmi statistics [50]).

More interesting seellls to investigate "l)rcquant u_n theory (or mechanics)" in which the familiar

quantum theory (or _n(,challics) may apl)ear as all al)l)roximate aim effective theory. Along this

line, we may ueed to reconsider Bohln's theory with hidden variables and Einstein's argument

against Bohr's 1)rol)al)ility-statistical intcrpr('talion in quantum mechanics.

In concluding my talk, l wis]l to emphasize' that both SUbl_hysics and pregeometry are at

least promising "theories of everything" and worki;ig fvalneworks or machineries for "prephysics",

a new line of physics (or l)hilosol)hy but llot metapllysics) in which some basic hypotheses (or

principles) taken as sacred oilcs lit ordinary pllysics such as the four dimensionality of space-time

[35], the number of subq,ta,'ks [51], the invariance under gauge, transformation [52], that under

general coordinate trailsformation [53], tile microscopic causality, the principle of superposition

(or particle-wave idea in more ge_wral) and so on are to be reasoned. Therefore, I wish to conclude

this ta.lk simply by nlodit3'ing the original Vr'he¢,ler's word into the following: Never more than

today does one have t l_e i_tcentivc to explore l)rephysics (or "'new l)hysics") [.54].
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