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19704EA%, "BiGam” & Bl E W O IR L A RN o T,
PEREGmIE. TARTEILRZHHTARELDE LT, #abonTWi,

PIEIZ4RIC TR B!
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“t HooftDrHWitten~

‘t Hooft (1946~): i CEEPRNI EHBHETH - I

1970~1980: 20, 13, 2, 1195
1980~1990: 209, 3, 4, 168



Witten (1951~): X ZEEHEEHT D T BB TD > it

1975~1985: 72, 27, 17, 530
1985~1995: 103, 29, 16, 408

RIXANLTT b: 1981 ~ 1982

Dynamical breaking of supersymmetry, NPB188 (1981) (cited 2000+)

Constraints on supersymmetry breaking, NPB202(1982) (cited 1000+)

Witten index o&EA

Tr(—1)F

Almost everything cancels !



2. Supersymmetry

Z D30MERI T bdrasticZ s 82 5 2 124 D

Field Theory Interpretation of Supergauges in Dual Models
Gervais-Sakita (1971)

Is the Neutrino a Goldstone Particle? : Volkov-Akulov (1973)

Supergauge Transformations in Four-Dimensions :
Wess-Zumino(1974)

Bz ErEHS R o

l

Supergravity



Gauge hierarchy problem & Supersymmetry

Eldad Gildener: “ Gauge symmetry hierarchies” (1976)

Gauge hierarchy problem % supersymmetry TEHRGEFD L X 9 £ 119
A ADIRE D

Martin Veltman: “ The Infrared-Ultraviolet Connection”
Act.Phys.Pol. B12(1981)437

% V) IAAA Al REBL R D cut-of i f#: — Screening theorem
Higgs7: L M Standard model T % effective AlZ10TeV
NaturalnessD#f:& ( cf ‘t Hooft (79) )

Softly broken SUSY:&JHDE = A A DEES

l

@ ZoEMERBYLIZETL: SUSY GUT
Dimopoulos-Georgi: “ Softly Broken Supersymmetry and SU(5)” (1981)

Sakai: “ Naturalness in Supersymmetric GUTS” (1981)
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Dual Resonance Model (A%} dLHE D

A [ AE D BF D BN FLIRIRAE 2 — 36 U T 9 il A& L
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> IR TOINGIRERILNE %2 K7 7= 9 linear trajectories EITHe 5
> BELREEOMBITE. crossing symmetry, unitaryfk

1968 Veneziano#EiEDFE L,
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- _Z— (a(s) + 1) t-channel poles only
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_ s-channel poles only
n! 44 als) —n
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[(L, a ] == || . €C =L € €[ | (Nambu’s talk (1970) )
6,)(-(') ibj _ <()’ (_’)\ﬁb"a 6,)\/;/;)J- a ‘()>

FRRE BERRED HO W% af, o]

paEk. Nielsen, SusskinddD 7 A 77

DRM®harmonic oscillatorsiZ 3% DIREE— R ERETEX 5
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> ERRRIUHBBLIE L PITEHEN TS, 26kJE. 104k IC,

> R RIC Tldmasslesshi FOBFELTLE 9. NFua o s U TIEAEY,
> ZAXF VDL, BimlE A LRE,

> QCD?D A & asymptotic freedom D %€

SR Bl DTG & Bl

Green and Schwarz (1984-85)

O BEHIER D consistency: Quantum anomalyDAHRE
10D N=1SYM + SG: SO(32) BLXUVE 8xE 87—t

© HEIX PR OARRYED 32 Type I SO(32) 1-loop T R T DAERR K H
SEAITHRR
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84 2R UL R
84 T-duality
86 HILBIGPIGE & kPG
84 ~ 86 HIBIHD S DDXA 7
Type L, IIA, IIB, Het E 8 x E_8, Het SO(32)
86 1 — L VIR E DD Pl
87 ~ a7 ML (Torus, Calabi-Yau): Bl —BEmDOMR
87 BINHEEEm D RERL
88 bRu T H NGO EH
88~92 2RILDETHEN. F1HIFEHRI

94 Seiberg-Witten Bin

94 ~ BEBRGRDBOEE

o5 MBHZR

95 D-brane | D-brane®Z {3 & Super Yang-MillsB G
96 7T v 7 HR—I)LT b a E—OMRnEER

97 MEH & HELEROI TS (BFSS, IKKT)

97 ~ AdS/CFT &xu /57 4 —
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m SRR AScrucial ) WBERREEE & U Tld toy modelfk
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> ZNaBOflE LT, BBl B TE 55,
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Standard &7 /L5 6 DA

Martin Veltman: “ The Infrared-Ultraviolet Connection” (1981)

Spin 1 Bl - ROEWEHPFY L BLTBEIEE2RAT S
SRR 22 325K — Local gauge symmetry

® “ Uniqueness of Spontaneously Broken Gauge Theories",
J. Cornwall, D. Levin and G. Tiktopoulos, PRL 30(73) 1268

® “ High Energy Behavior and Gauge Symmetry ",
C. Llewellyn Smith, PL46B (73) 233



Unitarity D igkam oD g5 2k

el i )E L (presented in the international conference on:

“ The History of Original Ideas and Basic Discoveries in
Particle Physics", Erice, 1994)

More important to my mind was that we now had a large class of
renormalizable models with massive and massless vector mesons.

A crucial argument was added to this by Chris Llewellyn Smith

and J. Cornwall, D.Levin and George Tiktopoulos: they showed that
requiring unitarity implies that the only such models are gauge
theories. So not only do we have a large class of new models,

we have the complete class of renormalizable vector theories.

IE LWl 2R 558 )T
FAAR R TR D 75+ 5

UVTOD RBWR S WD G




H D "UV completion” DRFE

Massless spin 2hi % & L BERD UVOHRE 5 U O il K Gunitarity
BRI B LM D %R IZEET D0

FLIY
(553G | THD I Lz &S Kbt 52

(Weak coupling®D ¥4 D3I A)

O RVEUA2FRITZENLL LR T2 IR E A T
®, iEiEMDcrossing symmetry SRR D R — L D b FE:
CFTORH (1 Us& B St 5l 24k 5)
O NIFED D DFHEATIF?  Non-compact FEDMERK =X 1) —FKHI?
JFELE mm)p HUP KRB

Spin 1 Local gauge symmetry
Spin 2 What symmetry ?




Higher spin gauge theory’» 5D & ¥ b D] HEPE

Duality between 3D CFT and 4D theory in AdS spacetime
with higher spin gauge fields

A theorem of Maldacena and Zhiboedov, arXiv:1112.1016

Existence of a conserved current with spin > 2 in 3d CFT

infinite number of higher spin conserved currents

correlation functions of these currents are those of free theory

\

Conformal invariance?® U80S THLEERN TX B



A conjecture of Maldacena-Zhiboedov (arXiv:1204.3882, Appendix G)

4 )
“A Lorentz invariant theory in three or more dimensions, which is weakly

coupled, contains a massive particle with spin s > 2, and has amplitudes with
X suitably bounded behavior at high energies, should be a string theory. "

J

E HIT. kDconjecture & FHASDOEIX. KBGO LEMEL S 25 -

“UV completion" of Einstein gravity requires a massive particle
with spin s>2
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®, Spontaneous symmetry breaking

®. Renormalization group
® . Non-abelian gauge theory
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