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Motivation (for pheno people)

HERDIH DIESR - QED

=U(1) abelian gauge theory + electron
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Motivation (for pheno people)

LHAULIEAS, RED/\NOVHNFH
HOM->TCUEXE-T !

E.g., Regge trajectory

mass® = o/~ '.J -+ const.
J=12.3, .
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Motivation (for pheno people)

Non-abelian gauge theoryM ¥ R -
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L= - (L) +ipDy

a a a abc Ab Ac
F,,=0uA, — 0,4, + "4 A,

Asymptotic freedomDF R -
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Motivation (for pheno people)

non-Abelian gauge theoryh. sBWHAERAG EREZ
stAAT 2 DICARAI R o o
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Motivation (for pheno people)
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Motivation (for pheno people)

non-Lagrangian theory

non-Abelian
gauge theory
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theory



Motivation (for pheno people)
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W3 ARSI XILF—Dnew physics
(dark matter, inflation, etc. )NS5 SV 7 TET S &
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Motivation (for pheno people)

non-Lagrangian theory:

non-Abelian
gauge theory:
Standard Model

Abelian gauge
theory : QED



Motivation (for pheno people)

Imaginable Question:

"CeHEEWNICT T T I 7 DR WERL
ESBHRBICERIDDTIN?

My answer:
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Motivation (for pheno people)

Yang & Millsh¥non-abelian gauge theoryZz= &R U 7
S DIRIL

Pauli: T#®dDvector bosonDE= L ? |

Yang-MillsD 7 — Y35 IE. 1 —7 T dmasslessT3H B HY,

EERIIC R DD > TSmasslesstiiF (X /zldlong range force)
[EEFEENLT
=g Yang-MillsIEiH(E A, D,
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Motivation (for pheno people)

E R (L. massless vector bosonid T Z ALY |

e Spontaneous symmetry breaking = ./ — /L&

e Asymptotic freedom = ./ —~)LE

HEN : HBEFNEICIIDONE SNIFDOERFDOMEE
+onL<{AsEWwEbhhsHEWnw, BOTRWEHTR:
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J —RI)VEZELS ICIEnon-LagrangianiBiiZz 55 | 7

14



Contents

1. Introduction

2.Motivation

3.Basics of non-Lagrangian theory

4.Simple example: magnetic monopole

5.Higher dimensions and non-Lagrangian theories

6.Summary

15



What is quantum field theory?

S5O W EETEDOEROEEREIE
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What is quantum field theory?

Wi < & Bflat MinkowskiZZ[E TlE. RDOMEE%
wmedHD (Wibkd ZWightmanAER)

e EFNFETHD BFICEEEBEILNILNZEERE)
e PoincareXdtTREN D S (FFICHamiltonian® 6 )

e local operator O;(z) DEGHH o T.
0;(2),0,(y)]x =0 if = — y = space like
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What is quantum field theory?

WightmanRIBXRld&. Z 77207 DR WERRE &
WD HDZEZEZDIEDHMLUEIICEZ SN ich,
g TlZnon-LagrangianO2Z=NE L TWS

Wightman/Z2 3% Tl&

o ZUTVITFYVEWVWSIHERIFTEERINTULRL,

o FHFbHbEARMWLIE(elementary fields)& LD

BRIEERINTULERL,

e D Z [Clocal operatorh’. elementaryh*compositehH
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What is quantum field theory?

RZEY A @ Supersymmetric QCD T DX 14
SU(Ny — N.) 77— 18

Ny flavors of “quarks”
+ N2 singlets
e BRBTITTVIT VT HOIRIERHIINT TH S,
L HDH—7 Delementary fieldh'H S —7F Dcomposite
THhH-olch I %,
e DI EMNSTTZ > Y elementary field& LD
3 ,L,\Latiﬂw—@IEEE/..\TZIK’fEﬁE’\Tﬁ%%T W ENTREENS,

19




What is quantum field theory?

=R, OABEDEREEZRF. 277397 VF

e Of{E—non-Lagrangian
o TE—-Whhb2 M,
e 2{E. 31@E. ... . HEBR{E—duality
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Remark 1

Elementary field DT Z R E L & WD T\
EFEEFREEVNDIHEDHIRLN,

“elementary field"hMRICH o fc&E U THIEESEFLIE
MR D Wb, BIAIL :
6(t, &), d(t, 7)) = 6(F — )
CNIE—EKEDK D ZHART—ILTDFE? ? 7
Op = Z () Neut ) Po

Wightman/a R Tl
¢(z),p(y)] = 0 (x — y = spacelike)
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Remark 2

B ARV D Do

{ [LLILE
m
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conserved current

J,u
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Practical construction

SETOFEIFREBRGEELH. EERIEWightmanAE R
BREZWNWEWEEZ S ME<\W®$5E%150

non-LagrangianiEimD ERRIRIED 77

1. AKY VD TIEBH TR A S H Deonfigurationz & X5,
2. B 1 decoupleT B L SRBEZ S £< &5,
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Remark
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Example: monopole

allll

Dirac® magnetic monopole D1

U(1) MaxwellF25%|C magnetic chargeZz 1> fe i+ %

ANTH S,
0, F" = j

Uy :
0, """ = j;,, <4— magnetic current

By — 1 cHV PO F,y
2
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ry
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Example: monopole

UN)T—YB+BTFDZ7 VI 7 VIEBEICHITS,

1 .
L= _ZFi” + 42 D

F,, =0,A4, —0,A,

LA, E/R—ILE. =I5 A, D
Ny T THEFERN |
(FHFL F,, =0,A, —0,A, I35 ayﬁ“’/:() )
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Example: monopole

A NY > EBiF Telectron + monopole DIEZHEHMEN S |

D3 brane D7 brane
(3+1=4dim) (7+1=8dim)

e D3 brane —®ICIZUN)T —IVEHMEA T WS,
e D3 brane=D7 branellii D} 5 & U(1)DelectronhH’
T5, .



Example: monopole

A NY > EBiF Telectron + monopole DIEZHEHMEN S |

D3 brane
(3+1=4dim)
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Example: monopole

A YU > JEiE Telectron + monopole DIEEHEHNEN S |

D3 brane Exotic 7 brane
(3+1=4dim)

e D3 brane —®ICIZUN)T —IEHMEA T WS,
e D3 braneZ Exotic 7 branelCiED | F 5 &electron &
monopoleH M 7 H %,
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Example: monopole

A NV > m Telectron + monopole D3k

sE

— AT

AHEND |

D3 brane + Exotic 7 brane

(3+1=4dim)

D3 brane & exotic 7 branez &1 5 & . electron&

monopole D A masslessii A B IR

DiracDIEFFILEFE LU 1z |
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Remark

o KLKAIENTWABKSIC, SUR)YT—YE#HRZEZT
FNHUMNDICENDE KSICLTE L EE/R—=ILIZEN %,

o TIFEHBNULEANY VIR TIENSHDDEDHE
ZDXKD7ESU2)2 U Z BWeEELED D Do
(LD UmonopoleZmasslessiC 3 2 DId & THIEERH, )

e UNMUL. INRTOEFRD (SDFT) €DK D7Enon-
abelian7 — YV IERIC K BB Z D 17 TIXZR L,
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M5 brane

M-theory: 771 IE 5 DR
M5 brane: M-theorylC & T 2 IEF ICEZEYMED—D

M5 braneld5+1=6XJTD¥){ET. M5 braneZzZNWE 137
L lCEsuperconformal’diz DIEFHmHIMEA TS &
EUB5NTW5S,

LA UMS braneiZ ICEATDSEDIERD T oI T Y

B

[SEEDH AN S %L M5 braneldnon-Lagrangiani® i

FHFHLERTTTIFLS D CHAHRIELTTTVI TN
(IZFF) EWS
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M5 brane

e S KJT Cnon-Lagrangiani®Biwh'ddd & 4RIT T
EI:Ab\j(E:Eb—\Z—CS% %o

non-Lagrangainitf:m

M5 brane (6R75) HINWELE > TUWLS

v 2RTIAVIT M
HAIR(Z) 4 >RITnon-Lagrangiani®:s

(E I TIEAR VDY,

YN MEDETH < S A (HDHERERIC)
RN fc< S

$» 5D T, 42Xt Tnhon-Lagrangianit
Fo5Nnd,
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Example

Bl Ty

=M>5 brane N %Z 7\ 3 D DEKmE|
>\ MU= D,

("

e ZNEFNDYUISUN)TIINEZRF D,

e TNZENDyUIANR
AXRL —% &

o —& U1, M2, U3 A EH D,

R D IEE

EEHRREHIT

trpt = trus = trus (k=1,2,3,...)
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Example

Enh—EDRE N=1SUN)T—VEERBIT DL
C DB SU(N)7*— 1k

Holomorphy & Symmetry (SUSY QCD & £ < [A U iwiE)
\\\ /Ab\/__l_\ i-% -
trpy = trus 4+ A*N (A : dynamical scale)

Deformed moduli space
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Example

Singlet field Sz, S3 & Superpotentialz R ICET

Wtree — tr(,UZSQ) =+ tI’(/LgSg)

trpy, = tr,uév + AN & W OF-termAREXDTE

== Dynamical SUSY breaking!
[Maruyoshi, Tachikawa, Yan,KY]

Z N idHR—EH —Intriligator-ThomastE &L D 5K
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Comment on extra dimensions
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Comment on extra dimensions

BRGBETIL CREIRTETIVIE—DDREFICE ST
LWE 9,

=T RER

= & ZIEUniversal extra dimension’s & TlE&EXIT T
SU(3)XSU(2)XU(1)X....... ZEZDN. TNoT
R DIAATETITEALINR? ZAGRER. AFHIC
UV-complete TEZ5ATI H?
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Comment on extra dimensions

S

5 2XJtnon-LagrangianiE:

5d non-Lagrangian

5d gauge theory

* mass deformation

o D2 EHERTTIE. IRTT—VHEHICRG flowd %
& S 7% non-LagrangianiBimh dd 5 |

e DFXD (—FfD) BRI —VE
CUV-complete= 115,
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Summary

e SUSVITIUNLGL THEDESRIZH S,

|
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e ANV VT, MR EDWS L3 LEconfiguration
=ZZDEENS,

e HWRBFANDIGAHITIFLEFEEWETR TIZU WL,
IRIKR T H Dynamical SUSY breaking model< 5 W\ (&
ﬂzni—c—:o
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Summary

non-Lagrangian theory:

non-Abelian
gauge theory:
Standard Model

Abelian gauge
theory : QED



Future dream
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UT

Lagrangian _ new formulation of QFT?  _| 55005
field theory (non-Lagrangian?)
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Thank you very much!



