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Introduction & Summary

e 000000D0,000000000000000000000, Wilson
ooooo (ERGUUOOOOOOOOOOOOOOOO.

m00,cutoff DOO00ODODOOO0O0DOOOOODOOOOODO. 00000
gooooooooooopoooooO,wisonanRGOODOOOOOO
ooooog.

000000000000, ERGOOO0O000DOOO0O00ODOOOO0n
(“Modified symmetry”) DO O DO0OD0OODOOOOODOO.
oooo,

m Ward-Takahashi operator 0 00O 0, ERG OO 0O OO (Modified symmetry)
ooooooooooo

ooooooo.
go

m Wilson-Polchinski RG O 0 O 0O 0O OO O, non-Abelian chiral gauge
anomaly 00 Ward-Takahashioprator 0000000000

goog.

2/13



Introduction Wilson-Polchinski RG Ward-Takahashi operator Ward-Takahashi operator Summary
@0000 [e]e] [e]e]e} [e]

WilsonianRG (1): 00000000

0000000 (¢nign) J0OO0OO0O0OO “integrate out” 0 O
0000000 (¢w) O effectivetheory 00O ODO.

Dy
——
Z= f [1,d¢, e

Deriow Dnign
—S[1ow+Pnign]
= I1 p</\d¢p IT p>Ad¢p e S1Pron P

= fz)¢low e_seff[¢10w]

Set[Prow] : Wilsonian effective action
(generating functional of amp. conn. cutoff Green functions)
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Wilsonian RG (2): 0 0 0 O 0O formulation

m Wegner-Houghton equation — Sharp cutoff, Wilson effective action
m Polchinski equation — Smooth cutoff, Wilson effective action
m Wetterich equation — 1Pl effective action

0000 local symmetry 0 0 0000 O, Polchinski O O O formulation O O
od.
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Wilson-Polchinski RG (1): UV theory 00 0 [
0ooooooo:
ZlJ] = fZ)qS exp[—S[¢] +J- ¢] ,

SI¢] = §¢-D-¢+SI[¢]

000000 compact notation 0 OO O :
Job=1up" = [ L0 600,

$-D-¢= ¢ Dip® = f #(0) Dan(x,y) ), etc.
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Wilson-Polchinski RG (1): UV theory 00 0 [

UV scale Ay O O cutoff regularization 0O 0 O :
21 = [ Dp expl-s"191+ K17 4]

Aofp] = 1 ._£l.. Ao
N [¢]—2¢ Kn, ¢+S."[¢]

Ipl?

OO0 K =f
A?
0

: smooth cutoff function at Ay

— cutoff free propagator: Ky, (p) D™'(p)

Y

Summary
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Wilson-Polchinski RG (2): Integrating out
IR thory:

ZMJ] = f DO exp[—SA[(I)] +K;11-q>],

1. D
A — _ . A . H
SUP = 20 = @+ S)@]. (@ : IR field)

0 0O O Wilson effective action:

exp —S}[®] = f@& exp [—%:}-D-&—S;‘“[®+$1] ,
D ~

D:=—, K:=Ky -Ky. (D~! : UV propagator, ¢ : UV field)
K

OO0 ZzAOQO z%OQOOOOOOOO:

ZVU1 = Ny 21, N = -2, ((—)BLD‘I)AB Ts
J ’ J 2 KAOKA .
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Wilson-Polchinski RG (3): Composite operators

UV theory 0000 DOOODOO operator Ol¢] OO OO, IR theory 00 00O
operator [O]A[®] O

(O)guir, = Ns (IOW) o) VD)

000000 (“*Composite Operator”). OO0

<O>SA0,K;;J = f D¢ O[] exp [—sAo + K;:J . ¢] =0 [KAO%] VA

googoood.

DDDDDDDDDZA0=NJZADDDDDDDDD.DDD
A1 — mA = \AB 9
m [®A], = @ —(D) prvl)

. o . _\BD 8
m [D4®P], = [@A1,[0%], — (D) L= . (D) L. sn
[@®°], = [@*],[®"], - (D7) pyes (b™) prit
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Ward-Takahashi operator

OO00000000000 ¢->e9+09-A0000,00000 Z20O0O0O:

ar
0= 67 = f@¢[1-6¢ — 85 + 6¢A6¢A]exp(—S[¢]+J-¢)

~——

action measure
——
=-X

0 OO0 Ward-Takahashi operator (WT op.):

r

(4] := 65 — 2

6A
g !

oooo0O0. 0oo0ooo,
=0 (WTidentity) <« 60000000000
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Ward-Takahashi operator

OO00000000000 ¢->e9+09-A0000,00000 Z20O0O0O:

ar
0= 67 = f@¢[1-6¢ — 85 + 6¢A6¢A]exp(—S[¢]+J-¢)

~——

action measure
——
=-X

0 OO0 Ward-Takahashi operator (WT op.):

r

(4] := 65 — 2

6A
g !

goooo. gobooog,

X£0 = e00ooooOooooooon
d (~ anomaly)
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composite op. [J [J [J [ Ward-Takahashi operator
(“Modified Symmetry”)

UVtheory O “BRS’O000O00OOCOO,00 WTop. OOOODODO:

1
= 69" = KaRay (9] = Kn, 3 Ry 0% g™
k20 ©°

r QAy r
P P )5¢A

o4 9¢*

m XM[g] = (
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composite op. [J [J [J [ Ward-Takahashi operator
(“Modified Symmetry”)

UVtheory O “BRS’O000O00OOCOO,00 WTop. OOOODODO:

1
= 69" = KaRay (9] = Kn, 3 Ry 0% g™
k20 ©°

r QAy r
P P )5¢A

g O

m XM[g] = (

¢ (RG flow)

O0O0,IRtheory 000D OO0 WTop. 00OODOODOO:
1
A A — —pA B By .
B 60" := KARA[¢] = K\ k§>0 szBI...Bk [q) Y ) A]A « composite op.

P4 IPA

r QA r B
n >:A[¢]=(as 9 )6<1)A
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Ward-Takahashi operator O 00000 (1)
non-Abelian anomaly on Wilson-Polchinski RG

O0OO000O0d chiral gauge theory (Gr x Gg YM theory) O O O O non-Abelian
anomaly 0 WTop. OODOODOODOOODO

-SIADDDDDDDDD

A 2000 A-ATO00DO
oooo.
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Ward-Takahashi operator O 00000 (1)
non-Abelian anomaly on Wilson-Polchinski RG

O0OO000O0d chiral gauge theory (Gr x Gg YM theory) O O O O non-Abelian
anomaly 0 WTop. O0DOODOODOOO

-SIADDDDDDDDD

A 2000 A-ATO00DO
oooo.

AO000 anomalous 000 O0O00D00:
fermion measure [0 Jacobian O 0 0O O O (cf. Fujikawa)
ghostCc OO OO
ys-trace (e tensor) 0 O O
om"
A — oo [0 non-vanishing
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Ward-Takahashi operator O 00000 (2)
Chiral gauge theory

m 000 classical action 0 OO O (G* x G~ YM theory)

Sgl=-y-iD-y ( + Sym + SGF+FP)
ooo
D,=0,+A,,
— A+ - £ _
Ay = AYP. + A P (A” =A
Py=1(1%ys)
m 000000 BRS transformation 0 O O :

Sy=Cy, 6y=yC, 6A,=D,C,
ooo
C=C*'P,+CP. and C=C*P_+CP,
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Ward-Takahashi operator O 00000 (2)

. Chiral gauge theory

m UV action:

SA°[¢]=—ll_"z'¢//—l/_l-iA"/’ (+SA" + §ho +higher)

Ky, YM GF+FP
m UV BRS trf.:
8y = K\,Cy, 69 = K\ 9C,

¢

m IR action
_ig
SMpl= - — - ¥ -5
[#] R ;9]
m IR BRS trf.

¥ = K\ [C¥]y, 6F =K, [PCly,
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Ward-Takahashi operator 00 0000 (3)

Anomaly in WT operator
IR WT op. (Ag = o) :

YA S Tr a—(‘iA‘I’ + a—_JA‘i’] « fermion measure
| 0¥ oY
—Triar Ky [CY]A + Yk [¥C]
= B A A — A A
76’ YA 's} o ¥B ‘s
ste| Lk o (b)) =L+ Lk (D) L ¢
oY P4 HY o8
~\ by ghost degree
6’6’5;‘
= [ w|cw-opepo—"t—
pq oY (-q)0¥(p)
where
Ka(pp
V(-p:q) := Kx(p)8(g) - 3 (p)Ka(g) and F(p) := W

1 UV fermion propagator
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Ward-Takahashi operator 0 [0 0 00 0 O (3)
Anomaly in WT operator

S? ooo {O(ho) & A = oo [0 non-vanishing } ooo:

o' st

OY(-q)0¥(p)

92[ f [—iAZy”ZPH]Sk,+p[—iAZyﬂlPH]
=% Kk I M1

pHq+ki+ka=0

+ f [_ i AkH,ymPH] 8 korkitp {— i A:',,uzp,,] S kip [— i Af,,u-PH]
2 1

3
K1ykaks H3 H2 1

prq+ki+ky+k3=0

(0 00000 30000)
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Ward-Takahashi operator 0 [0 0 00 0 O (3)
Anomaly in WT operator

oo SIAD 00000000

Be00000000000000O
HA-oODODO,

Summary
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Ao 5 Y 26""”" Z f tr [CH (a Al 9,41 4 a (AHAHAH))]
T

- Zles) Feferafarasrs b

H=+

(e =

0 OO0 (Euclidean) 4-dim. non-Abelian anomaly
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Summary

m WTop. 0 compositeop. 00 O0O0OOOOOO,WisonOOOOOODO
000 (Modifiedsymmetry) OO OOOOOOOODO.

m Wilson-PolchinskiRG O O OO OO0 O chiral gauge theory 0 0 0O 0O WT
op. 0 Ay 2000 A—>000O00DOOOO,000 non-Abelian
anomaly 00O O0OO0O0DO0OOOODO.
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