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Pauli DEFAIZDHBIE 1 47R—Y

A general criterion for the admissibility of eigenfunctions, which does not from the beginning assume their

single-valuedness, has been given by W. Pauli.2* This criterion states that repeated action of the operators

corresponding to physical quantities on the eigenfunctions should not lead outside of the domain of square
integrable eigenfunctions.

5): Pauli 1939 £ D K1Y FEEDFHEX
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Kawabata, , Konuma, Kawasaki, Maki, Yukawa, Ida, Sato, Muta, |wasaki



.
ot |
e
»e é.‘
> A
§ e
*was i B i
S | .
i
/
E:
D
|

Ida, Yukawa, Maki, Matsuda, Konuma, Horiuti, Iwasaki/f 7/
kitakado, , Tamagaki, Kawarabayashi



Episode 3

1971 EFE 7] one-loop
L. KEDEHRBE OFRAER X 71194 VR 158% I NTW
KEOWEHRBEIINAN - Za—cZF7Y - IRTVIVILOKRESIC

P2 M 2m M?
7 _km _3km

om r c2 r2

Flo. Y. TENENRREFEAE I Z7EITICLDEEE->TEUSNTWE
Feynman: Acta Polonica (1963) I EICHZFSEHNNT L\f:
BENICEIEL TP Y290 VBHRERAUERZELEVSHE D FE

ZI T, ARDTZTDNSIRAN - Za—h~ZT7Y - IRT IWZEE,
A adA VIEBRERIUBRICERD & ZfEN DI
Prog. Theor. Phys. 46 (1971)1587



BEHRFIF2BDT VYV IL=>EMEE 1587
Progress of Theoretical Physics, Vol. 46, No. 5, November 1971

Quantum Theory of Gravitation vs. Classical Theory™

Fourth-Order Potential

Yoichi IWASAKI

Research Institute for Fundamental Physics, Kyoto University, Kyoto

1594 Y. Iwasaki

] < <

~ S ~

e f g
Fig. 1. Some of the fourth-order diagrams. The wavy line represents the graviton and the solid
line matter.



1977F 7 VA NV EEMNTFT T, Wilczek & Zee EHREZHATWBEIC4ARD

i X DB ITHE DI =

tE

IFEDLK SWKREE STeh EEHIN. S 5(CBoulware EDHRXDEEZHZ TN
PTPOFX LD 4 FENTOFRX T, 4 ROEFNLGEEIZL TR, PTP ZHLE TS5
FBUTW3ElF ZEEDSIZAIOD correspondence 2L 51 2 FEE DRI TIEED
e DX Z5IAHUMNS

ANNALS OF PHYSICS 89, 193-240 (1975)

P

(a) (b) (c) (d)
Classical General Relativity Derived from Quantum Gravity*
DAvID G. BOULWARE e s 7N /
E R G iy V\
[ X 4 e+ ol
Physics Department, University of Washington, Seattle, Washington 98195 (e) (f) (g) (h)
AND
‘ A g
S. DESER + %/»::}v%{\ + >~\<:>-§ D S
: \ / N N

Gy () (k)
Physics Department, Brandeis University, Waltham, Massachusetts 02154 . o . .
Fic. 7. The two graviton exchange contributions to scalar particle scattering, including the

Received July 18, 1974 Fadeev-Popov ghost loop.

1 Detailed calculations of the graphs shown in Fig. 7 may be found in Ref, [22].
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Episode 5
1977 Trace Anomaly BES:

Coupling of the Trace of the Energy-Momentum Tensor to Two Photons
Phys. Rev. D15(1977)1172

Theorem. Consider the vertex
<0 l Quu(o) I?(élﬁ kl); Y(€2’ k2)>
=(€, € k0 ky - € Ry €50 k) F(g®) . (1)

Here 6,, is the trace of the energy-momentum
tensor, 6,,, and g=Fk,+k,. Then

F(0)=0. (2)

Adler et al. Phys. Rev. D15(1977) 1721
trace anomaly

Adler “Anomalies to All orders”
arXiv:hep-th/0405040



Adler DX DL 71U —THD., IASIC T EEFEDBFIRZZU=?2??
FAlZ1976 FE DR, [GEZEZ W OO DOIFEELE I U o,
12 DHE)IC IAS &£ CERN D' SIBEFRZF B> 22?2

ANOMALIES TO ALL ORDERS

Stephen L. Adler

Institute for Advanced Study
FEinstein Drive, Princeton, NJ 08540 USA
E-mail: adler@ias. edu

My involvement with trace anomalies began roughly five years later, when Phys-
ical Review sent me for refereeing a paper by Iwasaki [54]. In this paper, which noted
the relevance to trace anomalies, Iwasaki proved a kinematic theorem on the vacuum
to two photon matrix element of the trace of the energy-momentum tensor, that is
an analog of the Sutherland-Veltman theorem for the vacuum to two photon matrix
element of the divergence of the axial-vector current. Just as the latter has a kine-
matic zero at ¢? = 0, Iwasaki showed that the kinematic structure of the vacuum to
two photon matrix element of the energy-momentum tensor implies, when one takes
the trace, that there is also a kinematic zero at ¢? = 0, irrespective of the presence
of anomalies (just as the Sutherland-Veltman result holds in the presence of anoma-
lies). Reading this article suggested the idea that just as the Sutherland-Veltman
theorem can be used as part of an argument to prove nonrenormalization of the

hTn addition to writing a favorable report on Iwasaki’s paper, I invited him to spend a year at the
Institute for Advanced Study, which he did during the 1977-78 academic year.




Episode 4 - 2

1977--78 Institute for advanced study at Princeton

Callen, Dashen, Gross Instanton gas
what fix the scale of strong interaction ?
Wilczek, Zee
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BFQCD

<— K. Wilson: lattice gauge theories
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Y—Tvw K~ ETFQCD

RS DI
EETEDH
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RG -> phase diagram; fixed points; RT

RG improved gauge action

BRFLEDTA—7

Wilson quark
Staggered quark

Chiral quark 2ODERIRT—N

staggered quark

Wilson quark

chiral symmetry & 7 A —2J DB =

20



Episode 6

RG improved gauge action (n parameters)
HEDIAHRED RT [THEWVWE WS FERE => (n-1) /INT X —4 —Z5f]
AVRAI YRV DREMERTERDER => (n-1) KTA—F—Z[H E ~87%|Q|
2 DDERAU I
N=1THRDRT— ) VI dE

submitted to Nucl. Phys. B

comment by referee 1. already done by Symanzik

Reply by Yl 2. different from Symanzik
comment by referee 3. then should be wrong
Reply by Yl 4. it really improve the scaling

Repeat the cycle above !

CO7OtER%Z 2F[EDIRU, FDRE. improvement Z3E3F9 5 2 &IC



CTP-TAMU-06/93

Twenty Years of the Weyl Anomaly '

M. J. Duff *

Center for Theoretical Physics
Physics Department
Texas A & M University
College Station, Texas 77843

MIBZIAREDNFTUWT A T 7 2R IFTANSICIE

Some cynic once said that in order for physicists to accept a new idea, they
must first pass through the following three stages:

(1) It’s wrong

(2) It’s trivial 3DODKREZHT RS

(3) T thought of it first.

In the case of the Weyl anomaly, however, our experience was that (1)

and (2) got interchanged. Being in Oxford, one of the first people we tried to

YEZEMRE (BE) ERITNEGEGFH > TV



Many evidences for improved scaling

SU(5) gauge theory
Nf=2 QCD at finite temperature
behavior of Kc and Kt
O(4) or O(4)xO(2) scaling
Nf=3
Disapearance of kinks or peculiar behavior

observed with the one-plaquette action and/or
the Symanzik action

early scaling is more important than power of O(a)

Transition between different topological sectors
<= RG improved action

Now called the Iwasaki action

23
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QCDPAX and CP-PACS
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https://www.ccs.tsukuba.ac.jp/ccs_introduction
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QCDPAX MBI TIMN— R ZFF-> T

28



Polyakov loops @& E TCOE A N T L% HEBEa L
SU(3) 7' — VB
confined phase DR m D E—7 & deconfined phase D Z(3) XIFRk E—2

—_— QCDPAX
O. 715
° ImQ
=3 = = o 15 K. Kanaya et. al (1992)
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Complete of the computer building 1993

tE#iE CP-PACS H
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Complete of the research building 1996




Members of the collaboration in front of
the CP-PACS computer 1996
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Shutdown of the CP-PACS computer 2005




TFLOPS
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Development of Computers

10 ¢
1+ =
; Parallel Computers »
_ ! o OW
1 00 _E_ =n
10+ T
1+ =
0.1 _ I I I I I
1975 1980 1985 1990 1995 2000 2005

Year

CRAY
CDC/ETA
Hitachi
Fujitsu
NEC

IBM

TMC

nCUBE

intel

Fujitsu AP/VPP
CRAY

IBM

OSPD<LEDOO@|= ¢« ¢ » m «|lz 4 & > o o

CP-PACS
QCDPAX
Columbia
APE
GF11(IBM)
FNAL
UKQCD
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Episode 7
Quark Mass

definition of quark mass
non-trivial since the quark is confined

M. Bochicchio et al. NP B262(1985)
AW I
Mq = S. Itoh, et al. NP B274(1986)

mq (confined)= q (deconfined) Y. lwasaki et al. PLB220(1989)

MqQ
0S5S———m——T T T _
L Quark mass vs. 1/K
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AWI Axial Ward Identity
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full 2+1 QCD spectrum by PACS-CS

vector octet decuplet
mesons baryons baryons
—
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e PACS-CS 2008
a. K, Q-input

1.8

quenched QCD spectrum by CP-PACS (1997-1998)
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Edinburgh
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Episode 10
2011- 2016 €5 (A%

1987-1991 QCDPAX project
1992—-1997 CP-PACS project
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Conformal theories in SU(3) gauge theories
Z DR ERI 2004 F£H5 D E

propagators with Yukawa-type decay ?
HIH SA=FILUZTA

New idea : Conformal theory with an IR cutoff

large Nf  Conformal window Nj <Ny<16 N;=7

RG scaling relation

IR fixed point in the deconfining phase of QCD (unexpected)

(1) It’s wrong
(2) It's trivial
(3) 7?27

. Phys Rev.D87(2013) 071503
Property of Quarks and Gluons to be clarified Phys.Rev. D89 (2014) 114503

Phys.Lett.B 748 (2015) 289

with K. Ishikawa, Yu Nakayama and T. Yoshie
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