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(Speech at the Strings 2015 conference, After Dinner Session, June 24, 2015)

General Relativity from Strings

Tamiaki Yoneya

University of Tokyo

It is a great pleasure for me to be here, attending this wonderful
meeting. I would like to thank the organizers for warm hospitality,
and for a kind arrangement of this after-dinner session.

The organizers asked me to give some historical reminiscences re-
lated to my old works on the connection of string theory with gravity.
So let me talk about how I happened to come to this work, as faith-
fully as I can remember now. Although I am not sure whether such a
personal history of myself interests you, I hope that it at least would
help to convey to you the now forgotten atmosphere at the genesis of
string theory in the early 70s.

I became a graduate student in 1969 at Hokkaido University, Japan.
That was just the year when the string theory was born. 1 vividly re-
member big excitement, when I was first exposed to a very short but
quite a stimulating paper by Susskind [6] on the string interpretation
of the Veneziano formula [[7]. T was struck by the simplicity of the
idea, giving a direct physical meaning on what was originally a mere
mathematical expression, something like the Planck formula, for the
S-matrix elements of meson scatterings. And then I encountered a
beautiful and more comprehensive paper by Nambu [K], and my inter-
est in this subject was further strengthened. I chose, as the subject of

my master thesis, the dual resonance model or the dual model, which
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is the way the present string theory was called at that time. In my first
work on this subject [Y], I have studied formal symmetry structure of
the general n-point Reggeon vertices, which were generalizations of
the Veneziano formula to those with external lines corresponding to
arbitrary stringy excited states. The word ‘Reggeon’ was the way we
called such general states (of an open string) at that time. This ex-
perience was useful for me for developing my understanding on the
essence of the channel duality.

From the first encounter with the dual string model, a basic ques-
tion on the relation between the dual model and ordinary quantum
field theory was increasingly occupying my mind. Remember that the
Veneziano formula originally emerged without any connection with
field theory. There were two particular problems which I was con-
cerning with. One was whether and how the channel duality could
be compatible with the ordinary Feynman rules of field theories. An-
other was the meaning of the existence of massless spinning states.
With respect to this second question, I expected that the dual model
corresponding to open strings should be regarded as an intrinsic ex-
tension of local gauge field theories. From this viewpoint, I first tried
to clarify the role of massless spin-one state in the model, by studying
whether the interaction vertices of those states can be regarded as min-
imal interaction, just as we have in local gauge field theories which
are governed by gauge principles. My thinking was that, if the interac-
tions of these massless spinning states had non-minimal structure, the
connection of the dual model with gauge principle would not perhaps
be of such fundamental significance. I could confirm [10] that in all

cases of open-string models which had world-sheet conformal invari-
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ance, the corresponding vertices could indeed be derived as minimal
interactions with an appropriate generalized local gauge transforma-
tion of string wave function, or string fields, in an exact sense without
making any low-energy approximation. Thus I was convinced that
the dual open-string models must indeed be regarded intrinsically as
an extension of gauge field theories. Needless to say, all these sound
trivial from our present standpoint. But, I would like to stress that,
as far as I knew at that time around the middle of 1971, no one had
ever formulated explicitly such a viewpoint, and when I first submit-
ted a paper on this to a journal, it was rejected. After a few months
of this experience, I came to know through a letter I received from
Masatsugu Minami (who was at the Research Institute for Mathemat-
ical Sciences, Kyoto University) that a similar viewpoint had recently
been discussed independently by Neveu and Scherk [11], in a differ-
ent way using a low-energy approximation, namely, the zero-slope
limit. I was shocked by this, and I resubmitted the paper to a different
journal, PTP.

By this time, I hit an idea of extending my viewpoint to closed
strings. 1 thought, the closed-string model, which was called the
Virasoro-Shapiro model at that time, should similarly be regarded as
an extension of general relativity. However, in those days, the at-
mosphere of particle-physics community was almost totally against
general relativity. I myself felt that such a connection would be a
rather strange and bizarre thing. Although, as an undergraduate stu-
dent, I had been quite enthusiastic about general relativity, I myself
became prejudiced against gravity, after starting researches in particle

physics. During that period, current algebra and S-matrix were the



Soryushiron Kenkyu

major stream at least in my environment at that time, so that the clas-
sical geometric theory such as general relativity seemed to be useless.

So I decided to put aside the problem of connecting closed strings
to general relativity, as a possible future work. And I turned my mind
to the first question of reconciling the channel duality with Feynman
rules. Minami’s letter was useful for me also in that he mentioned
Noboru Nakanishi’s work [12]. Nakanishi, who was also at RIMS,
studied a systematic method of decomposing integration regions of n-
point dual tree amplitudes, in such a way that each decomposed region
involves only pole singularities corresponding to the usual Feynman
diagrams. I tried to re-formulate his rule of decomposition such that
the factorization property of the amplitudes became manifest simulta-
neously: Then it would be possible to extend his rules to general loop
amplitudes. I partially succeeded in this program [I3], on the basis
of my previous work on general Reggeon vertices. For example, this
resolved the problem of an infinite multiple counting which had been
a difficulty in the ordinary way of constructing non-planar loop am-
plitudes of open strings known at that time. I then expected that the
whole rule could be recast as a quantum field theory of strings. I tried
it very hard, but unfortunately could not manage it in any satisfiable
and publishable way. As everyone knows, this program of construct-
ing a covariant string-field theory was beautifully achieved after 13
years by Witten [14] in 1985.

Actually, the failure of constructing string field theory allowed me
to return my mind again to the possible connection of dual models to
general relativity. I remember, that was about the beginning of 1973.

Around this time, many people, especially who are phenomenologically-
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oriented, were departing from the dual string model. This was just
the period when the gauge field theoryies were about to resurge as
the fundamental theory of strong interactions, as well as of electro-
weak interactions. But I felt that the dual string models must con-
tain something deeper as a theoretical framework which was perhaps
beyond the field theory, and that had not yet been fully clarified. I
started thinking that as the Yang-Mills theory had turned out to be
useful, general relativity might also become important even for parti-
cle physics, someday in some unexpected way. Also, independently
of the interpretation within hadronic physics, possible connection of
dual strings to gravity by itself would be very suggestive of a unifica-
tion of quantum theory and general relativity.

To demonstrate the connection, the first thing to do was to exhibit
a concrete correspondence of physical amplitudes in the zero-slope
limit, and also to make the comparison of interaction vertices with
finite @’. Another thing which I strongly wished to clarify was to es-
tablish some definite correspondence principle between the two struc-
tures. I expected that there must be some characteristic property, in
analogy with the correspondence, for example, between commutation
relations and Poisson brackets which played so important role in cre-
ating quantum mechanics. Although I am not completely successful,
especially, in the latter program of the possible correspondence prin-
ciple, I decided to publish my modest results. First paper was a brief
letter [1]] which was submitted in July, 1973, and then the full paper
in October [2]. The title of the full paper was “Connection of dual
models to Electrodynamics and Gravidynamics”. The reason I added

the word ‘electrodynamics’ was to discuss the similarity and contrast
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between the two cases of open and closed strings in a simplest pos-
sible setting, on the basis of my previous works on the case of open
strings. In regard to the possible correspondence principle, I could
only emphasize that the non-linear geometric structure of general rel-
ativity was replaced by (and encoded into) the non-locality or extend-
edness of strings [15]. That was discussed in my full paper by compar-
ing the structures of both sides at the level of generating functionals
for a general class of tree amplitudes. This interpretation of stringy
extendedness actually constituted one of the motivations behind my
later proposal of the space-time uncertainty relation [16][1T7], which
I was going to publish first in 1987 in a volume commemorating the
60th birthday of Professor Kazuhiko Nishijima. In the meanwhile,
I received a preprint by Scherk and Schwarz [18]. Their impressive
works stimulated me to continue my thinking further. In fact, after
my initial papers, I published two follow-up papers [19] in the mid
70s, discussing the geometrical properties of the couplings of gravi-
ton state to fermionic strings, extending the methods I had developed
in the case of gauge-string connection.

I remember that, at the time of the first publication of my results, I
was, however, not completely sure about my standpoint in interpret-
ing the connection between dual models and gravity. There was a
different and competing viewpoint, existing actually from the early
70s, on the relationship between dual strings and field theory, namely,
the possibility of strings emerging as a non-perturbative object from
local gauge field theories. Among such possibilities are the so-called
fishnet interpretation, which was later going to be delineated by ’ t

Hooft’s large N limit [20], and also the idea of relativistic vortices, as
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proposed by Sakita-Virasoro [21] in the first case, and in both cases
by Nielsen-Olesen [22][23]. I was asking myself rather perplexingly,
“If such a view were correct, would it imply that general relativity
could be contained in gauge theory without gravity?”. I had not been
able to resolve this puzzle for many years. Of course, the holographic
interpretation, being developed in recent years, is certainly providing
us an entirely new perspective for this question. These were how I
came to my early works on the connection of strings to gravity, and

also some of my related thoughts during this period.

Finally, as an aside, I would like to remind you that this year is,
not only 100 years of General Relativity, but also 150 years from
Maxwell’s monumental work with the title, “ A dynamical theory of
the electromagnetic fields”, which was published in 1865 [24]. This
work can be regarded as the start of gauge field theory, in a sense
that Maxwell reformulated systematically and rightly his electromag-
netic field theory in terms of the vector potential, by extending var-
ious previous results given by himself and other workers, most no-
tably, Michel Faraday. Interestingly, in the same paper, he also briefly
pointed out a fundamental difficulty in extending his formulation fur-
ther to gravity. In this sense, he can also be regarded as an initiator of

our unification program.

To conclude: I am now convinced that the unification of gauge the-
ory and general relativity as open and closed strings must be, at least
in a broad sense, the truth of Nature. Nature must not fail to utilize

such a simple and beautiful way of unifying fundamental interactions.

Thank you for your attention !
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LTED, 534, 1EROIERBIGHERDOPENTIZIZ 5 NRWHi7272
METHD., YPREREH TEILWI L TELR G TH>7-. HAD
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[17]

ER2HECTIDFEE2TLEEE, FLALVOE —RETDIERHDHEIZ
JEoTHE 6N, ZWTWHAHD 2 L5 REMPaIA Y M 2SI (HilLo
L, WEBIRAY YRY T LABHTIRERY) . T2, T2 2% AN
REZAWHoTH, TOLIITHEIZKEZEF TR VWRELRIH Z L TL
A NI Nz s, FMZE > TEHEWEERELRFETCH- 2. E
R AL KRB AE R RIS B BRIk oz &, Brok Lzny
TV TR, TOEHNSEE L IARELRRELERTWZL D%
LMV 5. LD CERN MEAIZFEEHEYRD F & T — MDD FfHEED Z
CTEEZ L TWE &, AR SRKZEH D [Prof. ILMIZHILRAT
ITHl iz, E5 2 CERN THELERFRRBEEZEL TW DA
5. FEDEEREZ S BEMIIERSZ P AR TR TWEDY, £
DBEE GO TPV KN TH S, Mz S 7zt
BFEFROBFRRICHE» N, LIES IR TE2W LD RE
ol [bio R E Lb»oTh] A LWEBETE->Ly o
=D, 20EELS K725 THERDNEIZEE OVT VS,

T. Yoneya, On the interpretation of minimal length in string theories, Mod.
Phys. Lett. A4 (1989), 1587-1595.

ROMFRHE 2 REO T 2 A ZEE L U TOMEREER (extremal dis-
tance) DHERIZ—FED conjugation (25D < ACHAMEE A H b, STUP %
RO 6N Z b, Ro il dRfbITRo TH W,
FAD NY. BRI &7 K A - 72 FHIE DO EMTHARR DT, ThiF&k b
ZO7ZEEEUEAL TWZA (L. Ahlfors, “Conformal invariants — Topics
in geometric function theory”, 1973) ZREL Tk ¥ b PMESNZDTH >
7. Befl] PRLAZH:FE L 72D 7273, (883 512 Veneziano L 7 = V) — 7257z &
ST)MENPVELD Lz b I g, MK 1 ER-RE»D 572, T~8 4
%, RAERL TWAIGHROEELIZINA T D-7 L — Y HEL ORI
TR AT — )V DERRRIZEEATES Z L ZIROFHX TR LTS,
M. Li and T. Yoneya, Point D-brane dynamics and space-time uncertinty rela-

tion, Phys. Rev. Lett. 78 (1997), 1219-1222.

PO BHLFRELLBHEIND L5178 5 7. FIZIE, BHS»MZZD
% Z % B0 A7z Bk 23 Polchinski DZEIE (1998 4F) 124 5 (Volume
2,p. 161) . i 1993 4£0 Santa Barbara ITP @ workshop “Nonperturbative
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string theory” IZRADVRAERIIHAE L 72 & E NS DHIE TH 572208, T DORE
CBIL CIREESER L 72 2 23 h o7z, AR ERLTWE WS Z
i, M.LinSEWT W, Li &3z ® STUP © M HEa~ OHLER A H)
BT o 72 & UL TUU R DA d 5 (7L 7V > b hep-th/9906248,
INBIEREIRIZ2EL oI 2I2725) .

H. Awata, M. Li, D. Minic and T. Yoneya, On the quantization of Nambu
brackets, JHEP(2001)12, 013.

DX EENT W &, UNDOEF 3 ANE/-£7/2F AT EFIIZ
WAE (LIERANERZ) LTWT, M —EEESBEL 220, 21
ZBEUTRDSTUP DT A T 7IZH Bk ZF-N7-L5Tho72. Th
POBEER, —ERTEELDERFEORTIEEIZ EX 72283 H - 7-.
HH, XX A MVIZH D ‘Nambu bracket’ (2 IXFIHA NI NVEEE D% N
NHEHNZNDT, BBV ZL Y2 —225TEL (Fik, oL
TR (20154F) BZOWL D DhFHIE, EOwRX TR DAL TWii#E
DEEIZ A>T WD, FilD 2 BHODMXBIR) .

KA RW, EMOZEEEET 77y b, HAYEZERGE 72(2017), 231-
235 ; T. Yoneya, Canonical Nambu mechanics: Relevance to string/M theory
and approaches to quantization, PTEP12(2021)12C101.

FADOFEMETIE, Gross ¥ Veneziano 25 ‘minimal distance’ D& Z 7717 Tl
D-brane DIGEIZIIEMNTIER V. DI L HE&9, STUPIZEL TIdfE
SRR SO TEREMIZER U 7-imX e LT

T. Yoneya, String theory and space-time uncertainty principle, Prog. Theor.
Phys. 103 (2000), 1081-1125,

7z, BIOEARTEDPRVGFELIfiNZ., Khav Ikl
T, Strings 2000 (Michigan Univ.) T® talk (25D <IRDEHIH D 5.

T. Yoneya, Space-time uncertainty and noncommutativity in string theory, Int.
J. Mod. Phys.A 16(2001),305-315.

7, ZoFEzFLIEAEZRH LAy EUTUTYH 5.

T. Yoneya, The short-distance space-time structure of string theory : Personal
recollections, in Looking beyond the frontiers of science — dedicated to the
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[18]

[19]

80th birthday of K. K. Phua, (eds. L. Brink et al, World Scientific, Singapore,
2022), 313-327.

J. Scherk and J. H. Schwarz, Dual models for nonhadrons, Nucl. Phys.
B81(1974), 118-144; Dual models and the geometry of space-time, Phys.
Lett. B52 (1974), 347-350; Dual field theory of quarks and gluons, Phys. Lett.
B57(1975), 463—466.

HOEFEZK->THBEPD &Y BFHINEIEL Schwarz DI TH - 72
ek, WEILZIEDD OFIEEZHDTERN Lz E EICEWz. &
FIDFXTHD [I] 25T T2 2GR0 272Dk, ZTOREZ 7D h
RN, T0EMREZFEDOFAD N.Y., City College RRIZ IXPE R D 7)1
T 2712\ 7z Schwarz (1941 ZEA F ) L IXEERRT 2B 0h o7
D7ZH, FIEHHE TH 7z 93 4£D Santa Barbara ITP workshop T#{ 7 H
JBEEY 2T —UDRE 0TI, HUIMAEES LStk oT-.
W, FIMEIRGC 7 T v 7 R — )LD HIRLZ X 2 FEEENRE R % K
8T Jevicki & LFMFFEE L TW72h%, Schwarz 225, HADFETIO
MEIZ IR 2 FF B RMTAHA L 720 e WS ZENR VWL LD TR &S
WCHHENZZ DD o7z, DL E, HAPWTIEFENGFELIZS W
A5k, REEELZAZTD THEHMTE S X 51T Schwarz 2 FLE L T <
N7z, WIS IZRED D 5D THL WHEKD N TH 5 L [H
K2, Z5VS5MPVWKELD 2T 25 ATHH 5.

T. Yoneya, Interacting fermionic and pomeronic strings: Gravitational inter-
action of the Ramond fermion, Nuovo Cim. A27(1975), 440-457; Geometry,
gravity and dual strings, Prog. Theor. Phys. 56(1976), 1310-1317.

Z D> LETETIE Ramond @ 7 )V I 4 VB & closed string D & 1+
IRAE & DFEA % local Lorentz Z#1 % [10] O FiEZ2HLEL TERNELL,
# 13 dilaton JREE L B 3G DILEE & Z DRAT AR 2w U7z, BhEL T,
7 A v EERE % T Neveu-Schwarz 5% 0 BH F 2 8 2 2 1 28 1) 70 8 35
HAETHEA (0%, 2DsuperCFT 0#FE THR) Z &AL U 7ZLLTF DX
NHd (ZOHBEIZOWTIHE TEHIHREHLIfhT VD).

T. Yoneya, Grassmann algebraic approach to the Neveu-Schwarz model and
representation of supermdbius algebra, Prog. Theor. Phys. 54(1975), 526-541.
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Z T EE DR Y v HRNE D356 12 Fubini-Veneziano 73 1970 412 5- 2 7-
Koba-Nielsen HRIE D H 175 %, Neveu-Schwarz BEELIZILIR L 72H D
T, ZOAVTFAINCHBZEALZDIZINARATHS (1 £Ef-%
IZ L. Brink %78, FAOAFHZHSTICI LTV EENTWS) .

spinning string DM HEAEHAZGR U 72D s —@HDOMLHEIE, wWihd,
RHEGRIZ B 1 B RN PR & FE R U 72 B #4758 GSO &

F. Gliozzi, J. Scherk and D. Olive, Supergravity and the spinor dual model,
Phys. Lett.65b(1976), 282.

DLAFTZ T 2725 DTH S ([P I A CTEES L BERLUES (9] DERM) D
WMXDBIHEINTWS) . AR ZNSDEIZOWTER L TWEIE, *
ZHBENEERIIGAEL Thh o7z, $E L GSO I DWW THRMIZHI -
7=DIX, 1976 4£D 9 HiZ New York, City College (ZF[7 L 72D Z & 72.
H 22 S R 12 B 97 % Wess-Zumino D i 3 Id 1974 4 IZH T W=D 72 h
5, MR, TOVWSERELD AL, W2 IBEE2P5N7 LK
N5 EFEKRHZ, FAES, oMM kM HEODOBBKEIERL
THEE o= KE LT,

TIPS KDBIZIRSTHED I 2723, Schwarz & GSO i X IZ2WT
PRI o722 F, I TZNIEARKRBESR R EREZLTH-7Z] &,
BAMELZ D RmREE XA TRIEL 72DODFHRIZFKR > T WD, 4 e)iE
dual pion fEHL & XN T W72 NS BB AllRE & U CTHEMEREVWZ R >
TWTH A5, T0EREENLSD I EIT (RMEEHED) IFLAY
DWFFEE DL G~ D BLE %2 L W TIT o 72, %1%, 22, ZO-w
ZoNPIT Uik HEe & E TR & OBRIC DWW T EBRE KT, 84
FD (M. Green £HED) T —2 AN —IZ8 W S720D7E5 5.

7272, FAZ & o TEERI7Z 572D, GSO X Tld\Wbhp 5 GSO Y5 THy
ZEBNFE I IR B REAREEZTE L U720, (¥4 & LTD ‘pion’
2EL) REIREBOERIMINTH 72, 0 EROFKEIZLD, T
RLERETV— > DIFEIZ L 0 BRFEDR H RN 56 LI T &,
REt7IREE % B T2 & ZRFZE A FRME: AY non-linear realization & U TRt
A THEELTWD E DHENHS Z 3000, EARIZIZEER
P — R U 7=,
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T. Yoneya, Spontaneous broken space-time supersymmetry in open string the-
ory without GSO projection, Nucl. Phys.BS76(2000)219-240; T. Hara and T.
Yoneya, Nonlinear supersymmetry without the GSO projection and unstable
D9-brane, Nucl. Phys.B602(2001),499-513.

ZOEMKTIXEOMARE L@ Y (Neveu-Schwarz, Ramond,
Jervais-Sakita, ...) ZZ A%, FIE—MREES — O FWE %2 & ORISR
MEEZLZ2E0BE A THLEF RS, ZHIF 2001 FFIZHILVT 7D
Y IF—IZFENTEE L2 L ST MFFAL 72D 7ZD, Schwarz (% 5<
INSDMIXDL 7 o) =3 757207255, KU A>T Nk 5 TIHEEIZ
positive 2 A Y hEH 5-TW) IXEL Z S BRRETEHVWT W, 7z,
ZDL EE7-F7-F E. Witten KEX IV T 7 IZH{EF TH > 72. Nappi
(F) IR ZFE 725610, I F—DBITSRKETHROLIAIZET
JOIRRER U 7=,

EHIER S B, GSO G XA 5 A URiH D 5 FAD B IZ [20] Dt Hooft
MXDFEL DY, REIZT — VHmOIFEENRGE, iz xr— 20
ADE, DIEFSITB-> TV, BEFIZE > TRINE HRLRNT
Hotz. MAHEDS BIZESIADZ LIZFEHL TT ETHED L
Doz ki, TORDKEMEIE o720, Fe U TIEMEDIE
PHEEIET DI EDNETNRDIZTELL, RO EIZT &
WRNBZORIBIZEN ST EHL. T LT, 4R, FAUADMEIX
715 —EGDE, HEVEA T —HGOWARREDENEHHELE L TD
e 2l U C BRI kBl E ROV BIfRICH 5. R, XHERD 90 4F4R
BEDPSOBEMEIFEILE XTI S ULZBERIZET 2 HMAHEE D, Ehe
HEART BRI ER2EDTH 720N S, 20 F0iE I,
WRHIEWVEIZBONTHANEZ o720, 5o BE ME»5&E ] O
fEANE, IS LERTHUTBNLETH 722 LITR5.
ZORZBIZONWTEIADUE LU THALD. New York THRANIE WG X
&, F=YB0A Vv ARZ Y N UREHE U T IREBIR BT 0 29 ] R &
TOMRDFENINIET D HFEEROEESZR LU 2EDICR>72. L DGE
ULKIFBIET 22 — FHED EIZF WA, T THHRIMNS.
S. Wadia and T. Yoneya, The surface variables in the vacuum structure of
Yang-Mills Theory, Phys. Lett.66B(1977), 341-345.
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FIXZ DX DARD ERIK, HOD NIV M VERITE L T Regge-
Teitelboim (1974 4F) AMEH L CW/-REHOHEEMN L AR Z & %27 —
VHERTRT I LIZH o 7=D7EDY, byproduct & LT, 12 Gribov ambi-
guity E UTIAK FI6 NS & 5127 - 72 EBE#N 25 — VG ORAIZ B 1T
57— VREESMEITH > TR BIFE—EMEICOWTHEEMITHERL T
Ho7z. THIF Gribov HE DX DTV 7Y v b &b 1 4E < BN #RE
LTWa2, b0 ikiFL AL EN SN T W, 7272, Gribov am-
biguity (JEAEEL R T OIFEEN 27 — VG OB D RO —D L X E R
50, TNEITTESLICEHURADREDHIFIZZR 2 DI TiERW.

ZOHEFEOWIZE D o201k, ZD &S AIEEER LA TORF
Lo EORME LR (conformal anomaly) 23D \W TREER 212 &
D —ficERL L, A VARV b OTFITAT AMETH 5 7.

T. Yoneya, Conformal anomaly and the interaction of instantons, Phys. Lett.
71B(1977), 407-411.

ZDOTATTIEA VAR N VEADOFES E% 1 )V— TELICTHEEFHE L
7z "t Hooft ® 76 DA FHIFH I N TEVWE 725D TH 5. FDH 3
RO, ZoOMmXIFETEEZRBEES CEHEEN 2 RYDOHITH 7. 7
£ ) (ABJ) BEIZDOWTHAEKIZEH 91X, Atiyah-Singer DFEHUE
HOMARRPMEONDZ L2 —EfHBIZIAY FLUTHSD (Pauli-Villars
EAMEEZ HWTWT, EFE2F IFEIMED S Tl < regulator fields DEM
EOPODEFEELRBHFATHE>TWAED, MEDHERIZFEUZD, BIZA
SHWONDS XD o NS ENRIBE N HE (1979 4F) &iE—HA
BB, 12H, dEAEF DA D regulator #4 & I D REFE & IR T LK R
UT, FAMEDMLADBEWVICEELRNE SR 5. REFESZEZHAVTVWSD
Tl WA, Pauli-Villars IERABIZ K B 1 FIOVEEOEHIX, 80 EMRIZA-
T Jackiw Iz K> CEElIZTAR SN T WD) . S o5 &, ZhiT o i
UTCHIOMN 2w XIZ L TCE B o e LR THMEZR LU T W2 D &
Polz. URHIEAUADMENPOEHETH > 7-. HLEEREIIATr—)L
DEREVIERTENEROERIZHLDIZEKRTH L, A1 FIVE
WO HITEBEFEPNZIEE A WA, dynamics (2 & > TOEEME TN W t%
Z, TORIHESTRoTUE o7z, F7z, 2U0uIERE > o < BRIz
T2 & E0RABRERPVBONELETIAY L TH B, bé’bc_
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DWTH, UZITMIZER U2WRE (o] oihd) IZEEFAED ST
LEW, BT EFIZLUTUE 72, HEEEOIGHIZEL TIERO
HEE2ZIFT, 2RI CP BEID A VAR Y b VGREDEEIZDONWT,
1~2 4%, R4 (B.Berg-M. Liischer) ¥ @7 (L. Frolov-A. Schwarz) @
TN—T & > TERIZIAR S KR S vz,

CDOMEFHIZEELTE S 2P ENIDIE, Tk, ©5 U THIE
WL RE OGO LHRADISH - JLRICEVWES D o200 e\ D
7. 2R Y < iR (CP' BiR) TOERED HHFEEDP 5T
BY, £, BEHNHGAOGHIZOWTIE, HERENT BN TRME
BN FERO LS NI B E —DFDET SEVTWZIZEHHA
5TICTH D (ZDHTDETEREFRIE, BAED Christensen-Duff D AHE K 741
HTHEND SN, HREI ) .

T. Yoneya, Background metric in supergravity theories, Phys.
Rev.D17(1978),2567-2572

[MO] S E > T[NP Z2BT MO IZES7ZL DI, DWEAERT, NY.
WZRDETE CTRIEREOREAZEICHNIFEH> THFEEZLTWZD
2, NY IZKTHSIFEHEICHET 2T ORBIERITIAZ NV,
7 — VMR OIEEEAMEEIC T S, RO Z XTI o ENTL
o TWz., KHERAN DI I 81 4D Polyakov DA %472 {153 (conformal
anomaly (2B L Ti% A. Schwarz DEERZ CMP #2325 HLTW3) £
TREZRITIRR S o Tz,

Bz TSR otz EEWEHEBEMU EOLS> 7RI THBE. &
DEDFIZIE, AL BRENRD > =D FICRBIETIZ, E—R&IC
FAUADMIBEDO TR0 2KD, ka2 T—2K5BEED LS L
ZADRBHoT-. bHAA, FHAUADREIIMEGRINICZIZS TEHIEHI N
TWARWHITH B0 5, YIROBEBETHW SEFRL LI PR WIERIZ
BHLEZLEFERBLNWI ETEDH 7. TOEKRTIIEHLU AP 72WHE H >
7z, WHEEL 1T L ZAZ T TREDHIFADFRBICH LT 2. —
B, TE53XIE I N EUIES KBRS TLuns, KRGz I
ENEULSLKDEZXITIEED ] EEBENEZEHW., FMIZE>TEER
B#HVWEIETH - 7.
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ZOBEEMAL, NY R (1976-1978) 1281 B HIRNZRHZNZD
WTEHLTEEV., AULEL RSN, ZBMNEEE -0\ (BFEOKA
S. Wadia & A. Jevicki & D Z & 1% [4] Tth7zDTZ ZTIEEL) . £9, —A
& R. Jackiw TH 5. FhlZ 1977 4 E D Banff Summer Institute (221 L 7=
M, TDEEDHMD—ADPMETH o 7=, HISEMIIFLED 8 E/Z o7z
D, E50S b (ROBERY, HOMBENELBEGRTIRO1 ARV b
VRO X ERIZAS T NT W 7200, bE2VIEFENL 7)) —7~>57-0
NEHNLW) ABE, EEIRD SR, BV ERARDSEEZ
S LIEE DR DERRIZIFIETN T, —#EIZ School IZEHNL T\ 7z S. Wadia
HERATHERETHLUIAEZI LD 7. DERRIZRER—-Z > R
ORFEEIIZT A ) HZBAE L ZEDO B2 UAAD LEESTWZDH
FIGIZE > TWA. 2FICHNINEENRRE CEM U HMBEED — A
& LTl - 7z [E B 225 “Gauge theory and gravitation” (2233 H U 72 B&
WCH U, ZhD 6 R0 HBIZR-> T, FADMIED £ I F—%, Jevicki
(Brown Univ.) , W. Taylor (MIT) 2§ & 325 B 72 22RO H R ILFRIBFZE
oYz FETMITIZHELEZLEE, &, £ EFZIErY D%
FROEWBIZFHFZ LT [BRP->TW0WEZ 5D UG I SFHAT
ATN] EE-7-0iyT, EoZ B uvliansg. MK HL
FTIHITEDZIWIZKWVALEDOLNT VWS LS, FIEZ S IFEbAR.
DURNZEL ozt WS Za— 2% HE, BLWEWE L.

95— AN, BAEFREEFZND E. Weinberg. 7L < IZFHAZFEL TV
WA, JREIE—ERAIn Y BT RFICHIT T TREMEm L 72
ZEehoT-. ErED LIFGHEEI YR PR IZEF I NIZHOH XD L
T ) —=EolzDFED, FIZAZKWEWD Z TN TRHEITEZEENT
LEo7z. VoD Z e EEERRT 2DV FoWMO RVWEDZ LT,
R EBR 22, 11 THERTAHAI LI/, ZARIE
IE5TIEEZSNLWD, YR EEB oM TH 7. T THELAE
BT BHIECICHWIHETERME L THNZDD, Mkl UWidlE
ELUTH->TWA., ZD6~T7 444, CERNHAEAIZEAA 1 EMEAR L7z 3
RUN=TVNBI CHEREZGOEHR 2RO L Z LN TED, BV
7222, ENN6 T 51T 35 Fk < BRITTPHE TR X 117z Strings 2018
WZHEPHEL COWTEWAT R £/2HAL, EhL<EoZ 2L
Golz. TEBW-] OIX, HoMfFILKEme OBERIXEL, ThE T
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DI U 7z String conference (ZIE—EHSML T\ Z LD 572005
THo. BIZKIASDEERA Y N=%2HEDTWE LS5, RITODW
TOKRT > DB HNZRN.

BERIZM. Kaku DZ &, HERMEEFEEEFNOHRIMTH 5. Kaku-
Kikkawa D X 72 & CTHHTIE & < Hl-> TW7223, City College TR HIZ
HEFTFERLTWRRS -, REBAIIZIE-T- 8 &, %B@ﬁ@i?ﬂ%
WCBHIZRA T4 RXR—=%oTCWI=OWE 1HIRE RS-, ZTOHEHDOHK
FHOEILE LR o 7D T, WHEEDRTDN—TF 1 —IZIFXN 7
LERE, IMDPHSOEHEEEL T HICEN T2 EH D, WK
EDFETHIRDP K> TWD DI, HPERLZMROTHBZ L, ZLT,
HRA L U THEEIART I W 72 IR O SRR D 5 5755 %, AV Y IR F: A
158 L T\ 7z N.Y., lower Manhattan i [X. @ Chinatown ® reform J&&)Z D
WTEo7z, WERTEENZHEITELRD, BRIZETN T, 5
EDOHHEIERVWEDITE, BUPOEEICEGELZITTECLONZT
O, BOXHKRENGERELZWEDI L THo72. BroIRDDIX, M
FDZ%ZBIHT 2 & EIEIAVDE ‘Yonea® L&D, ya2E LTI LT
H5. HINEEPTL LS5NTH S, Physics Today MK 2% HeRE U 7238
HXIZEZDIADNDHL. EroNEE2F v 7L TE oWV e FkE
Ko TELDT Yoneya” LI IELTEDIER LU, 72, BESCTIIMKAR
EUTCy»WRkiJ-EExTh-7=.

MERES. BTEIOHEAHEHRE LU TOKHERZDOEDDWHEIZRE >
ZDIENY. 2o lRER, bR oBRICEE) (1980 4F) LHBUEEZD 14
fti]D CERN i1t (1983~1984) 225> TH 5, Green-Schwarz D &1 5
WO HHE UBEORAZ & 5k Z o @R Rk iR D18
BIZMAEINTDOI L7572, BAUADRIEDE K iZ CERN (247 < B
ZoXDED, CERN AR T AR &E DY) - CT& 18O &
ETEBEITHRADLS REZS &\ BEMTEO XN Z FRA LS
EREED TN (Z20HGIZOWNTIE @] IZEHLAZDOTI 2 Tldfilthzan) .
WAEF, Alvarez-Gaume D+ I F— T E. Witten & tFHD&E & TFRE D
HHHEUDEELD - 7-. 1B R GmOE M %28 LR34 & 0aiEn i
A ICRWIZIEL L, S2INoDRBHLH VBRI LETFELEZD, TAR
RS FZIZER L L 1T TN TH - 72,
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[20]

Z DE DK IR D FE CTRICBEHE N DX, AL E > TH 90 FAREYE
® Polchinski 2k 25 D 7L —VDOFRA, Z U THRIZ 97-98 FEIZHNITTD
Maldacena D XX & - M 1278 o 72 AAS/CFT WS TH 5. DR IZ
H L EDOBRE R U ZEHOEHRIEIN N Y DK TH 72D T, [ —
VHERMNOEIPHTLS DN L\WH T & T, ZOMPUTH1R D
LAY (18R M@Ee LT @ THELL®RRE) . L, ZoxnE
RZE@EL, HAEEHADOH—DZdDEE N R Vigkh, H7=0rd [\ 5
& M360 EEHEL THRAIDY — VIR0 L 51> Z ik
D, RAS25 ERTIZEHEIZ BN AT E Yz o 72 ik L B OBR D ED
ERIE, R, 25WHI e Tholzht WS EVWEETEZOTHDE (R
HEDOZDHOMBRTA2HEEELEED @) (BB43E) THLUL ).

G. 't Hooft, A planar diagram theory for strong interactions, Nucl. Phys.
B72(1974), 461-473.

B DOHFEZM >0, [I[P] DL E2E2NTHS 1 FIELSRTHS
FolzlidlBLTWa, RALZEBS LI VLAY "N tFHIEAD &R
PR LTz, £ LT, #HEH, NY., City College fifEHIZH = > 72

G. ’t Hooft, On the phase transition towards permanent quark confinement,
Nucl. Phys.B138(1978), 1-25.

L ST L THIZHMERN LML TH 72, T RS gEE2ZIT, £
O r A%, Rt Hooft Difim 24417 — VHmTE b L, Z DIk
M & Z(N) (center) vortex D2 & 5 B UiA DR % 5w U 7=.

T. Yoneya, Z(N) topological excitations in Yang-Mills theories : duality and
confinement, Nucl. Phys.B144(1978),198-218.

ZD & E, ¥ T Ising Model (Z 2T D Onsager f#, Kramers-Wannier
RS AW EDFGRL 2 FE UK FRAZD, TORES LI IFHT I N
7. FEEREAEDY 1950 EREMDERIZ D TN o6 DFE T2 EHE NTES
od (KRGE2023 4, 8 HE TRl —EB8 / — ~OVEGEE | OFEFH Y L7z
HAGER L REEZ 2R OB, REDVLALE 72, T O Tikinm L
7= vortex DHEMERERETIL, vortex BEZ DRI IZHHILZ >y ho—%
FHOZLZHAVWTVWS., ZHET LMK NFLEDT IR Y —hdH
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55, MEEENR HIRE R -NI-L D757 ZHcEE L
TIEMEIZHELLLEVWEZDOTI I TR DRI 2\,

& Z AT, 'tHooft i i XX &I WHNA THFT — VRO THNIZ e X
nr-FEE LT,

E. Fradkin and L. Susskind, Order and disorder in gauge systems and magnets,
Phys. Rev.D17 (1978),2637-2658.

MHDBHDIEN, FAITYRRI S R h o 72, NEIZEAD LD 1978 i &
N =2DGHEIZERDZ L ZADBH 5. 72, OwHXH1 o6 1 r HENTM.
Green & — D N > TWT, FAD LEOHNIITNE ZADD i %
FEWTWS., ZNIZDODWTIE (@] Tftiv7z. Green 1 Fradkin-Susskind &
XZEFIHUTWADTHI> TWTEWZbII7Z. FADOFwRXD T 7Y v
NV T SRR E U T NP IZH#E S N A HZ > 729, Susskind 225 F
AEAT = TREm SR %2 Z TEL D #lb THI - 72, 80 FFARIT 78 » T2 H
ST — VHEROFSGEE ( THmpEsEE 801, HAMHES, 1983
) ZHRET DL ITRBEEINZL, ToFIZZDiwmXENERL7=. 70
FEREBEPSH UL EDZH WL T\ ERES DERE A (i
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b DED, HEWRMD? S ITFROESAPKON TV TN X T
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ZZEFTENWEZDWTIZ Susskind (1940 4 EN) & DEWHZ, AU (4]
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A TE Lol A, HEINEIFLAYHEILELEY BRI EEZEZT
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HOPTP#C) TRMBLTW2Z &% BRI L, HRIFZEDOEIVNER %
5l & Z 9 K 5 7% string field DZ i % light-cone SFT DFN T U726 D
72, WERMNIEICET 2 I IR RMAHTED SN, ToL S RiEmE
U7/, (18] THNZZEILXHETORD talk DFRIZR -7z, 51
R DT dilaton 5255 D fERNEIIZ & B GG MDA E > 7=

T. Yoneya, String-coupling constant and dilaton vacuum expectation value in
string field theory, Phys. Lett. B197(1987),76-80.

MAHIBER D, Zh$ SFTIZH1F 5 ‘soft-dilaton theorem’ (289 5 i fl]
DHFT, BIZEHD IV —T (MIT BLEsHI L —F) 12& 0 L
SFT ~NJRIR S 417z,

ZNPRODIRDRIZIER B D, HDOFEAFT Stanford Univ. 12 17 HIE AL
U7z (1999 EE) Zehdbo7-. e BRUICEZEDLTRY, O,
(P ENZ2ECI e 2REUICHITLDIZIEIES TH5DR—FRNE
A5 LE»PN. 2] Ttz EOF2RREEE CHFEA L 22 & &2 -
WL, 72& 21E, TAESIJIOMEE Y & closed string DFH AAEH O & 14
DT FTAT—=INOABEEDIEAINEZEoTAZETRELTWS, 5
Ah, TNHH o LHIANKRED, X2 THDHIEEIXFAAEET,
AT — B ORI FZMEGEDFIH TR e EHDOBMRIZHMN S & Z1E, K<
FO5WVIRD HE LT\, £72, BARIZE S5 WS T - 72250 1E
UTWARWD, 2 R C B S 2 2 & TA S BRIA D 0 i d’
BE o7, [19] TN ZBGEADOmRX TP ERLUZZ & EBBRLT
W27z, BRIZTIATVEREZEHECCHH LM T &, HITESIES
TAR VBB TRS LHEPMRILL TMBEEZEZoNHRBoTLED
50T, brolBIK XIRBUITIR o7z, HEDITIE D HFILH 1 B HE
IR A A — D2 HE DWW T W T A 365w 1FMR 18 T Wb Z & ik
LMo T Wz, FIIZZFRIL[B] TRUNIEE R 21T 1= F AR
SR EPNEHL TWZDEH, ZZiEd ko b EL LEFFZ, LIE
UIXFERGRICHEH > TLUEWDE R E > TOREMBNI IR - 7=,

£ 95—, R, EEOEWALZbLE EEIHEIBRIIZLEE
EDOZENENENLRWEEE LTHESTWA., FAEHPWE - 723,
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Tamiaki, “Old soldiers never die, they just fade away.” Do you
know about this phrase?

&, AL, KEDOY Y —Y — il ORBR(EHEE (1951 4F) 2854
IR SEERERGIHA L. FMF 8550 LLKH>TWE] B X720,
WHRESWIDEDTINERLH L0, I EIZEEST, FA
Lbanrorz. H UM UTETMNZR L DR EBERL TS DD,
STHEHO PREZFICBR-oTVWE. [EE] TRLD, MoIrDETEN
gEsRHn - NI WR D, BRI DRI O 1T S =KL B DFHEIZ E “fade
away” 3 B EA&HADY, EhNELN, WTNEEINDDIIBESE. ok
SWHBILRBIOEWERT, FZEEOWIZWEHiZDIZT 5 2 fELRY
THETREMPEEZBNI 2B WVIEE LA THo7-. TARETE
EZVDARELEEUT WD THA D0, HidFE S CIEICEBECHIEEL
ZIPDE DT, 80MAEEIZHER 25 CTHLERNLB W TERILRITO T —
I THMXEEZHRIT TS, TARBRYHEZEDL D> TWE S h.

AR S S, EORD 19T ERID 7 A0 —T v 7L LTE K=
BEH R R & BESE L T SUN)/Z(N) BLO BT % 3 U 72 IR DI XA H 5.

T. Yoneya, Monopole condensation and quark confinement in a weak coupling
SU(N) lattice gauge model, Nucl. Phys.B153(1979), 431-444.

2-form D Z(N) 7 — VB O HHE %2 BFIZE AL T Z(N) BEZEL 0 {1 f
WZIEESD o RTEHARETRLD 20BNV, EiZZ 2T frus-
tration’ 7% % A VRDKEHNEN L ¥ Mo T Wiz, FADBEKIZHE
LTI, WHHEROBHARBEREEDMEED Y I F— TN TEEL
T2 eBhot-. /-, METAIELRXOBEZHEIN-ZEDH 5.

BE T 2R DMFIZE S5 — Dt TH E 72\, "t Hooft D 1974 5w X T
IR NRO Y — Vi % » 2O & UTHIRT 5 agetkicown
T % light-cone gauge ® Hamilton JE X CTigin L Tz, ZHUFAE—FT
Hfi 7z & 5102, [21)[22] Tiw U 537z “fishnet diagrams’ (2 & 5 5% DR
EEDRFICEAMEL &S 6 T2HDTHo7%. FAE I E Wilson D
17— VBEROGR (FU< 1974 i) TS, DULRITHRS
N, M HFETAY UV RE2 EPHGOBRICESHZZ2DIZ UIEUIEHW
SNGHIEERAER L, @D Wilson fEFH O lattice Yang-Mills iz, %
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T. Yoneya, A path-functional field theory of lattice gauge models and the large-
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tal string TH7R WL, X7z Wilson loop operator & 5725728, ‘path-
functional field’ 2 W5 FH LWEWA%Z L TAZ. ED T HEFHR L TH 2-form
TF—=YEDOEATEAL T\, BETIE ‘1-form symmetry’ & X5
string field @ bR\ T HIVIR Z(N) MFMEIZHEKD E, F—VHOMIZD
WC D E G A7z, U, ZO4FXEEHZRORP 720, &K
i, SEERNZ[FAR7ZR i DY McGreevy FFIZ X DRI TW5B. ZDiX

TEHIZ D UMD ERICINA, TSI KNMRERTOMWEZHU7-.
77— VHEOD K N MR IZEEGRDO D 7L — 2 & OBfR%EE L 90 £
holographic principle IZ¥2 > 7z, BIEDBISNO /AR5 &, FAEAL
‘path-functional field’ (&, »¥)V'2 @ fundamental string field % BE5HIZH5E52 L

THRONLGEDEIITEHHEL RMTNEED L WS FEKT, D FD
H BREEHEA G RN TR o ENL IZ8&P>TWns.

B. Sakita and M. A. Virasoro, Dynamical model of dual amplitudes, Phys.
Rev. Lett. 24(1970), 1146-1149.

H. B. Nielsen and P. Olesen, A parton view on dual amplitudes, Phys. Lett.
B32 (1970), 203-206.

[23] H. B. Nielsen and P. Olesen, Vortex line models for dual strings, Nucl. Phys.

B61(1973), 45-61.

[24] Maxwell (X, Z ZIZH#4r L7z 1865 fEim XX D H1 D Note on the Attraction of

Gravitation L I N 7-/NEI T, GO IIFRZET H2ERDOFER L LT

The assumption, therefore, that gravitation arises from the action of
the surrounding medium in the way pointed out, leads to the con-
clusion ... (&) ... that the presence of the dense bodies influences
the medium so as to diminish this energy wherever there is a resul-
tant attraction. As I am unable to understand in what way a medium
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can possess such properties, I cannot go any further in this direction
in searching for the cause of gravitation.

LU, HAOEEWSG L FRRRERTONENIZI & > THET 2D
HLUIEEMLUZ., Thhob & D Y50 FE5IC— AR R A R 2
B 270072, FEMEBIZEVENTRNVF—IZR[FAMIZITEIZEET
L LITHENTWS KD, — M EM R CTIXRAT AR T RV ¥ —
BEORERITARNL U R WDr o, Maxwell 23NEH U 72 K 134 < B O S H
SHEZRITNE RSV, ZZTIEHINA EZORMBEIZEAAD Z 2k
HkZ2 WDy, — AR IC BT T 2 F—OfEIZE L TiE, E
WERFDEL N D 5.

AT, RAY—FDOHEBIZfiliin/z & 512, Maxwell, Einstein (21X
T 1000 FERTD 7 7 ¥ 7 O HIRELF4 Tbn al-Haitham (Huygens, Newton <5
D OIRE BRI ORI B LB MEETHIONS) OFEMEIRZ,
EH I 2015 2 FESEE L €, AT TENIZHRAZEL BMThbhrz.
HAYMHZASTE AT OR¥ I F—2 07— TCHMEL=. *
TP o 7238 Tt vy 27 20 2V oikBlimE <l 1%, H
LZEETAAE—FOERMMBEFMTLZLDIREDRDT, Z3EDZD
FREBBED 2 R—=Un2HPLTIHRMALTBL.

FET 7 AIADBE : READEE

(7] EHICET 2 REDHEmDKNIE (E 75D entanglement D REREIZ
O onziEimd a0) BRI EHILECUZE SV T WS, £ 554,
HoWBHLVNVTHEEZFEDD ZLIFHEETHD I LIFWVS EFTEHRW. 7203,
[RGB E N AR T RNV F =21k E>TWVWTIE, BEFENIZE>THRDA
B UV SIS OREE &5 BB 0B AHTH 5. EHEmIE UV O KR #
R L CRTOMAEMEHOR—%2 M UZEIT 2 IZIFHE—DOEETH S Z &
IZDWTIE, ZEAEDMEEDVRETS7Z55. L, LOFEFFEDMH
MORYDOHBENE AR ERIEIEATWS, 72, IEEFHNZLER
TOEBVAHT, 77 AIVEREDOR—TVD4FREHDOEHEOD & S B2
BUIREZFONT TH S, RO IERATEIZE S 2 IEEE e MBIz,
Bl Z X, [19] THtvzFA L Wadia & DX CiEan L7z & D 0T — V505 EL
WU B &S Bk O ElE TOMEZ YN Z 5 Z & DY, holography D&E
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AL R L CEEICRZAEMELH 2 LT FELTWS., DX 0, FHKD
W—TE UTOMKN NIV DEZGRT 50, e BERAHE CHR%M S
Z 57 =VBDNEEBRIGT . TnEHROTF A TRA ST, %e
ZE AL NZHRDO I ZFZ T 0 o 2R 2 BAENICEH U 2 TERT 5 4%
5. bbsA, BENESMEDHERZZIT TEAR+4T, ZIESBES
E@Eﬁﬁ*ﬁfﬁﬁjbf%ﬂ&bfﬁﬁwiﬁ%%’72%). ZUT, ZOREHEE U THRA A
w AR EARDOER EALED T YRLEL TW L. 100~200 FED AT

[EMK DR —MERDERE DT Fa Y —THIRWNIZE 5 7% 6, wHmIEE
f: Faraday & Maxwell DO FfERIZRBUZH D L WS R AHTEE S 7=

BEBEOR—=IIZHTL % IEGEEE] 21X, FEOSETIENRY MLKRT
YUY IVDIETHD. TNt Faraday DVEREHEKDOERIZHHRE IO
ﬁ%&%@%ﬁﬁﬁ(pﬁ%%f VE LT, —MOMT, *ORHEZLIES

, ZefZE A (M) MES %252 5%) & LT “electro-tonic state” (BERIGHIRAE)
8@??1D#%®%&%%~Aﬁmb#%®t.Mmmﬂ@l%iﬁmi
ZHZEDWTEG LG 2K — U, TOhFE2 BAKIzERL L. RED
JHHT, % [BEESE] TBRZA7Z01F, S5FTHHRLFIoR—-YTEL
ODTHBHEIIT, B EINZZNOoHBRICENLBEIVEOND7ZOHTH
5. ZO7FuY—mnodhe, FXICEMEEREN T VG L TEAMLX
NF-DIZHGE LT, ETHlRZE D REDOAKDERIHSNIZE N, =Y
R & — MM MR OB DR — & UTC, #irz e IB B2k i o B A 7
DR BV E IO TRINDETZAD LEZLDITFERTHS. D
7-ODFEPHIIE T & K FRANTEN R, LT L, T FREREIAIZ
BNTWBD2EHNZ V. £ < DAVRKHERZ SNWPITTWESZE, 5
UZH#ERIZIHIT TOIFE LA TATITIE 5725 5 7.

JESIZEE L TRDIFE R EED—DIZ, HBT7 TV AANLRERDEL -
DERFEGEC L O RZ BB THRS, BRPREVIENICR D] CERY» SO
) WIS DRH L. ZHUTHEERIZD S IBECRREIIEG NI L > THE
Do, [H UG E ORESREM % 88 LRI 2 E2 126 B2 WS
=R T, RIEABMIZBEHATES LS. £, EBRIZE BFHEA
OMEBIZBITEZ R - 7TaAa, "NME¥UR)LVY, Yab—F4VHi—, T4V
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ZEDRIRRLUTWAE XD, kDT Fa Y =N HRANOf5EDHE,
BT U TR D Z I3 &< H D, ZHUMANDHMEXNE Z D & R
ZDHLDH, TOAREE (EWENICEH, o X Ebnd k312, EkRFEEX
AT R ORT ), BRI REENWITTEETA03H 5 2 & Hoimic
HEAREFETIEIRL, GUABREEADDTIEENA DD

HAYB?S 2 0 1 54EHEMY 2 S 5 —  2015/8/20 %% KW Tamiaki Yoneya
KB X © XS A

N

Y
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B Yy IR DIVEROEE | ERNLGYIENAX—Y or7FOY— (HiR, A) NEER
REERLUIc BHEDHE (=BEREETOR—)  BRN TR OYENEHRE

MERESE) OT—VIBEELTOHEDER | (1K) BNRNEFHAF=BDOETFRIC
&D. FIHTHSNCKR e, DN ZNICF THIBICHEDIRZEL

O R R

FAVY 2154 O—RENEER | EAHEERZBFANNMEDREBICEDE
ERLT 2EETDREWC, HEBERE U TOS—VBRORIDODHERIZ. COAED
SERBILRZRACEFETAILDLEEICH D

T—IERIIEFIHEDERE BARICHEN TSN, —RENEERITIEFHFOEEE
EAXNICHEMUEWVEBEZE T 5 (BARBENYT vs EFHZOREBSDIERBFRE)
TR 3
KIS  —ARENMIEGE T — Y ERT @Fh2ousss)BAICHE—I 2 ARZELRT,
BN EENDOHE—ICEAT 2XOKRIICIE. HRNICREIERTICH T Z2EHEEE &
W=BHENH D, TOEDOEMROREEAICIFERIIIDBILESS -
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