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@ The conservation law is a special case:
(0, Tu(x)O) =0, for x e~ supp(O)

@ Then, one can say that the symmetry is really realized in quantum theory

@ Generally speaking, however, it is very difficult to conclude the above, when an
invariant regularization does not come to hand
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General motivation and this talk

@ A non-perturbative formulation of a field theory with a (global) symmetry. ..
@ not only provides the definition of correlation functions. ..

@ but also a renormalized Noether current J,,(x) that generates a
correctly-normalized symmetry transformation on renormalized fields

@ Ward-Takahashi (WT) relation

(0uTu(x)0) = <$‘w>

@ The conservation law is a special case:
(0, Tu(x)O) =0, for x e~ supp(O)

@ Then, one can say that the symmetry is really realized in quantum theory

@ Generally speaking, however, it is very difficult to conclude the above, when an
invariant regularization does not come to hand

@ | address an issue of the above kind, in the context of the lattice formulation of 4D
N =1 SYM (lattice breaks SUSY!)
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4D N =1 SYM

@ classical continuum action

S= /d4x [%tr(FMFW)+tr (uimw)} . p=v(-CT)
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4D N =1 SYM

@ classical continuum action

s= [dx [3r(FuF) rr@on)|. F=uT-c)
@ |ocal gauge symmetry

6cAu(X) = Dug(x),  dc(x) = —ig{C(x), ¥ (x)}
@ global U(1)4 (R-symmetry)
8o (x) = i0ys0(x),  devb(x) = i6P(X)s
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4D N =1 SYM

@ classical continuum action

S= /d4x [%tr(FWFW)+tr (u?lzm)} . d=¢T(=CT)
@ local gauge symmetry
ScAu(X) = DuC(x),  dctp(x) = —ig{C(x), ¥ (x)}
@ global U(1)4 (R-symmetry)
Sop(X) = i0ys(x),  derp(x) = i69(X) s
@ global SUSY

FeAN) = Bt (), Fe(x) = —gotFulx),  E=€(-CT)
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4D N =1 SYM

@ classical continuum action

s= [dx [3r(FuF) rr@on)|. F=uT-c)
@ local gauge symmetry
6cAu(X) = Dug(x),  dc(x) = —ig{C(x), ¥ (x)}
@ global U(1)4 (R-symmetry)
Sov(X) = ifsp(X),  doth(X) = i6P(X)ys
@ global SUSY
FeAN) = Bt (), Fe(x) = —gotFulx),  E=€(-CT)

@ translational invariance (and the rotational invariance)

@ notation _
global: § local: §
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@ U(1)a current
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Noether currents in the classical continuum theory

@ U(1)a current
Tou(X) = tr [(X)7uy5¢(x)]
@ SUSY current .
Su(X) = —0peyu tr (%) Foo (X)]
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Noether currents in the classical continuum theory

U(1)a current
Tsu(X) = tr [P(x) 7759 (X))
@ SUSY current .
Su(X) = =000 tr [P(X) Foo (X)]
@ (symmetric) energy-momentum tensor

T (X) = 21 [Fup(X) Fup(X)] — ! 50 I [Foo (x) pg(x)]

+ 0700 (D 2 D) w(0)] = 30t [F00 D)
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Noether currents in the classical continuum theory

U(1)a current
Tsu(X) = tr [P(x) 7759 (X))
@ SUSY current .
Su(X) = =007 Ir [(X) Foo (X)]
@ (symmetric) energy-momentum tensor

T (X) = 21 [Fup(X) Fup(X)] — ! 50 I [Foo (x) pg(x)]

1
2t [300) (3 D+ D) 6(x)] — 2wt [0 Do)
@ Ferrara—Zumino (FZ) supermultiplet (5¢: global SUSY, &: parameter)
3 Jou(X) = E95Su(X)
52800 = 2006 () + §000 0 [30D0 ()
+ (terms anti-symmetric in p and v) }
+ (terms proportional to y57..€, &, 15&, 0u,€)
Je 7—uu(x) =
@ This is a sort of the “current algebra” in SUSY theory

Hiroshi Suzuki (RIKEN) FZ supermultiplet. . . Sept. 27, 2012 @ GGl

4/17



SUSY WT relation on the lattice

@ Under the localized SUSY transformation
1= - . .
9¢Un(x) = iag5 [EC)Yp(X) U (x) + E(x + ap)vu U ()9 (x + afi)]

Set(x) = —%Uwg(x) [Ful () [Fu]" (x): lattice field strength
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SUSY WT relation on the lattice

@ Under the localized SUSY transformation
o1 - —
9¢Un(x) = iag5 [EC)Yp(X) U (x) + E(x + ap)vu U ()9 (x + afi)]
Sep(x) = —%UWE(X) [Fu ]t (x)  [Fu]" (x): lattice field strength

@ We have an identity (35f(x) = (1/2a)[f(x + ap) — f(x — aji)])

(085.000) = () + X1 0) — 5 52500

where

Su¥) = oo tt { B Fol (0}, x(¥) = o tr {0 [Ful (0}
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SUSY WT relation on the lattice

@ Under the localized SUSY transformation
o1 - —
9¢Un(x) = iag5 [EC)Yp(X) U (x) + E(x + ap)vu U ()9 (x + afi)]
Sep(x) = —%UWE(X) [Fu ]t (x)  [Fu]" (x): lattice field strength

@ We have an identity (35f(x) = (1/2a)[f(x + ap) — f(x — aji)])

(085.000) = () + X1 0) — 5 52500

where
8.(0) = =0t {V0O (ool (0} X(0) = 0 tr {000 [Ful" (0)}

@ Xs(x) is an O(a) symmetry breaking attributed to the lattice regularization
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Renormalization of Xs(x) (Curci—Veneziano (1987), Taniguchi (1999),

Farchioni—-Feo—Galla—Gebert—Kirchner—-Montvay—Miinster—Vladikas
(2001), H.S. (2012))

@ Assuming the locality and the hypercubic symmetry of the lattice action,
Xs(x) = (1 = £5)9.8u(x) = 219, Tu(x)

1
T3 Xx(X)

— Zaetr [Y(X)D(X)Y(X)]

— Zeomouw tH{[Flu] (X)(D + M)e(x)}
+ a&(x),

where

Tu(x) = 230 tr {00 [Fiu]" (0

and the dimension 11/2 operator £(x) is a linear combination of renormalized
operators with logarithmically divergent coefficients
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Renormalization of Xs(x) (Curci—Veneziano (1987), Taniguchi (1999),

Farchioni—-Feo—Galla—Gebert—Kirchner—-Montvay—Miinster—Vladikas
(2001), H.S. (2012))

@ Assuming the locality and the hypercubic symmetry of the lattice action,
Xs(x) = (1 = £5)9.8u(x) = 219, Tu(x)

1
T3 X(X)
— Zor tr [V()D()(X)
~ Zeouo 1r{[Fyu] (x)(D + M(x)}
+ a&(x),
where
T.(x) = 27 tr {0 () [Ful" ()

and the dimension 11/2 operator £(x) is a linear combination of renormalized
operators with logarithmically divergent coefficients

@ Plugging this Xs(x) into the original identity,. . .
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SUSY WT relation on the lattice

@ we have
(971258.00 + 2 (0] 0)
= (M- 32.) ko)
— Zar (tr [p(X)P(x)0(x)] O)

. <%%(X)5§o> — Zeow {0 t{[Fun ] ()(D + M)p(x)}0)

+ (a€(x)0)
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SUSY WT relation on the lattice

@ we have
(07255400 + 2 Tu(x)] 0)
= (M - %ZX> (x(x)O) «— additive mass renormalization
~ Zar (r [0()5 () (x)] O)
~ (3 5727740 = Zeom (o0 HIF1 00+ MY} O)

+ (a€(x)0)
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SUSY WT relation on the lattice

@ we have
(07255400 + 2 Tu(x)] 0)
= (M - %ZX> (x(x)O) «— additive mass renormalization
— Zar (tr [(X)P(x)¥(x)] O) «— exotic SUSY anomaly

. <;%(X)5§o> — Zeow {0 t{[Fun ] ()(D + M)p(x)}0)

+ (a€(x)0)
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SUSY WT relation on the lattice

@ we have
(081258400 + ZrTu(x)] 0)
= (M - %ZX> (x(x)O) «— additive mass renormalization
— Zar (tr [(X)P(x)¥(x)] O) «— exotic SUSY anomaly
1 0 L
~ (3 5727740 = Zeom (o0 HIF1 00+ MY} O)
—— maodification of super transformation
+ (a€(x)0)
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Renormalized SUSY WT relation

@ We tune M so that (Donini-Guagnelli—-Hernandez—-Vladikas (1997))

1
M_EZXZO
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Renormalized SUSY WT relation

@ We tune M so that (Donini-Guagnelli—-Hernandez—-Vladikas (1997))

1
M - EZX = 0
@ and we assume the absence of the exotic SUSY anomaly:

Z3Fr =0
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Renormalized SUSY WT relation

@ We tune M so that (Donini-Guagnelli—-Hernandez—-Vladikas (1997))

1
M_EZXZO

@ and we assume the absence of the exotic SUSY anomaly:
Z3Fr=0
This is the case, at least to all orders of the perturbation theory (H.S. (2012))
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Renormalized SUSY WT relation

@ We tune M so that (Donini-Guagnelli—-Hernandez—-Vladikas (1997))

1
M_EZXZO

@ and we assume the absence of the exotic SUSY anomaly:
Z3Fr=0

This is the case, at least to all orders of the perturbation theory (H.S. (2012))
@ The renormalized SUSY current:

Su(X) = Z2[2s85,(x) + ZrTu(x)],
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Renormalized SUSY WT relation

@ We tune M so that (Donini-Guagnelli—-Hernandez—-Vladikas (1997))

1
M_EZXZO

@ and we assume the absence of the exotic SUSY anomaly:
Z3r=0
This is the case, at least to all orders of the perturbation theory (H.S. (2012))
@ The renormalized SUSY current:
Su(X) = Z[25S,u(x) + Zr T, ()],
@ In terms of this,
(985, ()0) = <z {—%%(X)Ag 4 aS(x)} o> :

where
Ag = 55 + ZEOM5F§

and
SreUu(X) =0,  Sretp(X) = Set(X),  Sretd(X) = Sedb(x)
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Implication of the renormalized SUSY WT relation

@ From the relation

(985, (0)0) = <z {*%%()()Aﬁ + as(x)} o> ,

for a renormalized operator O, we have the conservation law

<8SS#(X)(’)> 2290, for x e~ supp(O)
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Implication of the renormalized SUSY WT relation

@ From the relation

(985, (0)0) = <z {*%%()()Aﬁ + as(x)} o> ,

for a renormalized operator O, we have the conservation law

<858#(x)(9> 2290, for x e~ supp(O)

.x @
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Implication of the renormalized SUSY WT relation

@ From the relation

<a§su(x)o> = <z { ;43;() Bt aE(X)} >

for a renormalized operator O, we have the conservation law

<858#(x)(9> 2290, for x e~ supp(O)

.x @

@ Moreover, we see that the operation
1
Z —— A+ a&(x ] for x € supp(O)
|~ e

should define another renormalized operator
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Implication of the renormalized SUSY WT relation

@ From the relation

<a§su(x)o> = <z { ;43;() Bt aE(X)} >

for a renormalized operator O, we have the conservation law

<858#(x)(9> 2290, for x e~ supp(O)

.x @

@ Moreover, we see that the operation

Z { ! —— A+ aS(x)] for x € supp(O)

a“é’é( X)
O@
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for a renormalized operator O, we have the conservation law

<858#(x)(9> 2290, for x e~ supp(O)

.x @

@ Moreover, we see that the operation

Z { ! —— A+ aS(x)] for x € supp(O)

a“é’é( X)
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Implication of the renormalized SUSY WT relation

@ From the relation

<a§su(x)o> = <z { ;43;() Bt aE(X)} >

for a renormalized operator O, we have the conservation law

<858#(x)(9> 2290, for x e~ supp(O)

.x @

@ Moreover, we see that the operation

Z { ! —— A+ aS(x)] for x € supp(O)

a“é’é( X)
O@ Do
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Lattice energy-momentum tensor 7,,,,(x)

@ Now we try to define the energy-momentum tensor in this system
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Lattice energy-momentum tensor 7,,,,(x)

@ Now we try to define the energy-momentum tensor in this system
@ The structure of the FZ supermultiplet is quite suggestive:

5eSu(x) = 27.€ {nu(X)+§6wtr [ (x)Di(x)]

+ (terms anti-symmetric in 1 and v) }
+ (terms proportional to v57..&, &, V5€, 0up€)
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Lattice energy-momentum tensor 7,,,,(x)

@ Now we try to define the energy-momentum tensor in this system
@ The structure of the FZ supermultiplet is quite suggestive:

< 3 -
5eSu(x) = 276 {Tw(x) + 40 tr [$(0) DY(X)]
+ (terms anti-symmetric in 1 and v) }
+ (terms proportional to v57..&, &, V5€, 0up€)

@ Thus, we make an ansatz (A, is the global version of Ag):

ZDeS(X) = 29 Tw (X) + GO tr [D(x)(D + M)yp(x)]
+ (terms anti-symmetric in p and v) }
+ (terms proportional to v57..&, &, V5€, 0up€)
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Lattice energy-momentum tensor 7,,,,(x)

@ Or, equivalently,
T (x) = % [0 (X) + B (X)] = €O tr [Y(X)(D + M)ip(x)]
where

Ouw(x) = %(Vu)ﬁa% [ZAeSu(X)],

1 o [ - - z
Zzzsg(%)ﬂa@ {(5§ + Zeomdre) | Su(x) + Z: Tu(X)} }

I
[e7
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Lattice energy-momentum tensor 7,,,,(x)

@ Or, equivalently,
T (x) = % [0 (X) + B (X)] = €O tr [Y(X)(D + M)ip(x)]
where

Ouw(x) = %(’Yu),@a% [ZAeSu(X)],

1 o [ - - z
Zzzsg(%)ﬂa@ {(5§ + Zeomdre) | Su(x) + Z: Tu(X)} }

@ Quite interestingly, the SUSY WT relation shows that the above symmetric
energy-momentum tensor conserves:
<837;,,(x)(9> 2290, for x « supp(0),

for any renormalized operator O
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Lattice energy-momentum tensor 7,,,,(x)

@ Or, equivalently,
T (x) = % [0 (X) + B (X)] = €O tr [Y(X)(D + M)ip(x)]
where

1

Ouv(x) = g(%),@% [ZAeSu(X)],

1 7] = = Z
22550 o 5 { (e + Zeoure) [ 800+ 2Tt |
@ Quite interestingly, the SUSY WT relation shows that the above symmetric

energy-momentum tensor conserves:

<837;,,(x)(9> 2290, for x « supp(0),

for any renormalized operator O

@ According to (Caracciolo—Curci—-Menotti—Pelissetto (1989)), such a conserved
symmetric energy-momentum tensor is, if it exists, unique, up to the overall
normalization and the constant ¢
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Non-perturbative construction of 7, (x)

@ We know that the ratio Z7/Zs has actually been measured (DESY-MUnster-Rome
Collaboration (2000—present)) by

(985.000) + 2L (5T.000) - 3 (M- 12,) (x(¥)0) = O(a)
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Non-perturbative construction of 7, (x)

@ We know that the ratio Z7/Zs has actually been measured (DESY-MUnster-Rome
Collaboration (2000—present)) by

s Z1 /55 1 1 _
(985.000) + 2L (5T.000) - 3 (M- 12,) (x(¥)0) = O(a)
@ The constant Zgoy may be determined by the conservation law itself:

956,.,(x)0) = O(a)
( )
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Non-perturbative construction of 7,,,(x)

@ We know that the ratio Z7/Zs has actually been measured (DESY-MUnster-Rome
Collaboration (2000—present)) by

s 21 /45 1 1 _
(985.000) + 2L (5T.000) - 3 (M- 12,) (x(¥)0) = O(a)
@ The constant Zgoy may be determined by the conservation law itself:
<a§9uu(x)o> - 0(a)
@ The overall normalization Z2Zs may be determined from

(one particle] a° ) ~ ©oo(x) |one particle) — (VEV) = physical mass

X
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Non-perturbative construction of 7,,,(x)

@ We know that the ratio Z7/Zs has actually been measured (DESY-MUnster-Rome
Collaboration (2000—present)) by

(985.000) + 2L (5T.000) - 3 (M- 12,) (x(¥)0) = O(a)
@ The constant Zgoy may be determined by the conservation law itself:
<8§(9W(x)(9> - 0(a)
@ The overall normalization Z2Zs may be determined from
(one particle] a° ) ~ ©oo(x) |one particle) — (VEV) = physical mass

X

@ Although c is just a choice of the origin of the energy, there exists a natural choice
in the present SUSY theory, that is

<760 (X)>periodic boundary conditions — 0
(cf. Kanamori—Sugino—H.S. (2007)). This fixes

a4

°= )

(Boo(x))
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@ When a symmetry-preserving regularization does not come to hand, it is generally
difficult to find a Noether current that generates a correctly-normalized symmetry
transformation on renormalized fields
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transformation on renormalized fields

@ One encounters such a situation in the lattice formulation of supersymmetric
theories. Here, important symmetries that define the system, chiral, SUSY and
translation and rotation are broken

@ In this talk on 4D A/ = 1 SYM, | defined an energy-momentum tensor 7,,..(x) by a
(renormalized modified) SUSY transformation of a (renormalized) lattice SUSY
current, as the classical FZ supermultiplet indicates
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translation and rotation are broken

@ In this talk on 4D A/ = 1 SYM, | defined an energy-momentum tensor 7,,..(x) by a
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current, as the classical FZ supermultiplet indicates

@ Then, it can be shown that 7,,,,(x) conserves in the quantum continuum limit
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difficult to find a Noether current that generates a correctly-normalized symmetry
transformation on renormalized fields

@ One encounters such a situation in the lattice formulation of supersymmetric
theories. Here, important symmetries that define the system, chiral, SUSY and
translation and rotation are broken

@ In this talk on 4D A/ = 1 SYM, | defined an energy-momentum tensor 7,,..(x) by a
(renormalized modified) SUSY transformation of a (renormalized) lattice SUSY
current, as the classical FZ supermultiplet indicates

@ Then, it can be shown that 7,,,,(x) conserves in the quantum continuum limit

@ Aremaining issue: Does 7,..(x) really generates a correctly-normalized
transformation on renormalized fields? (~ the existence of the SYM)
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@ One encounters such a situation in the lattice formulation of supersymmetric
theories. Here, important symmetries that define the system, chiral, SUSY and
translation and rotation are broken

@ In this talk on 4D A/ = 1 SYM, | defined an energy-momentum tensor 7,,..(x) by a
(renormalized modified) SUSY transformation of a (renormalized) lattice SUSY
current, as the classical FZ supermultiplet indicates

@ Then, it can be shown that 7,,,,(x) conserves in the quantum continuum limit

@ Aremaining issue: Does 7,..(x) really generates a correctly-normalized
transformation on renormalized fields? (~ the existence of the SYM)
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@ When a symmetry-preserving regularization does not come to hand, it is generally
difficult to find a Noether current that generates a correctly-normalized symmetry
transformation on renormalized fields

@ One encounters such a situation in the lattice formulation of supersymmetric
theories. Here, important symmetries that define the system, chiral, SUSY and
translation and rotation are broken

@ In this talk on 4D A/ = 1 SYM, | defined an energy-momentum tensor 7,,..(x) by a
(renormalized modified) SUSY transformation of a (renormalized) lattice SUSY
current, as the classical FZ supermultiplet indicates

@ Then, it can be shown that 7,,,,(x) conserves in the quantum continuum limit

@ Aremaining issue: Does 7,..(x) really generates a correctly-normalized
transformation on renormalized fields? (~ the existence of the SYM)

@ Applications? Viscosity? Vacuum energy?
@ How the another classical relation:

8¢ Jou (X) = €75 S,.(x)

is realized on the lattice? Understanding of the anomaly puzzle?
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Proof of the conservation law of 7, (x)

@ Definition:

T (x) = % (O (X) + Oup(X)] — <C5w tr [(x)(D + M)w(X)}>
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Proof of the conservation law of 7, (x)

@ Definition:
Tuw(x) = % [Ov(X) + Ouu(X)] — <C5W tr [4(x)(D + M)¢(x)}>

@ Step 1: Conservation of O, (x)
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Proof of the conservation law of 7, (x)

@ Definition:

T (x) = % (O (X) + Oup(X)] — <C5w tr [(x)(D + M)l/)(ﬂ})

@ Step 1: Conservation of O, (x)
@ We set O — 35S, (y)O in the SUSY WT relation,

piston) = (2] g w0
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Proof of the conservation law of 7, (x)

@ Definition:
Tuw(x) = % [Ov(X) + Ouu(X)] — <05W tr [4(x)(D + M)l/)(X)})

@ Step 1: Conservation of O, (x)
@ We set O — 35S, (y)O in the SUSY WT relation,

piston) = (2] g w0

@ After some rearrangements («, 3: spinor indices),
1 0 s
<a48£ w0 [ZAE(?”SH(X)LO>
7]

)
:<z {—% K )A§+a£(x)L[8ysSy(y)]6O>

(x
_<Z[_a14 9 Ag+a£(x)LZ[ 1 9 Ag—i—aé‘(y)L(’)>

a 9é(y)

Hiroshi Suzuki (RIKEN) FZ supermultiplet. . . Sept. 27,2012 @ GGl 14 /17



Conservation of ©,,,(x)

@ Setting x «~ supp(O) and y «~ supp(O)

<%ag‘j( ) 20c085,(0)] 0>

— <z { = ag? )Ag + as(x)} [afsu(y)]ﬁo>

7<z[ ;45;(} e +at(x )LZ[aE(y)]ﬁO>
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Conservation of ©,,,(x)

@ Setting x «~ supp(O) and y «~ supp(O)

<%a§§( ) 20c085,(0)] 0>

— <z { = ag? )Ag + as(x)} [afsu(y)]ﬁo>

7<z[ ;45;(} e +at(x )LZ[aE(y)]ﬁO>

@ We then sum this relation over y within a finite region Dy, that contains the
operator 95S,.(x), but Dx N supp(O) = 0

. @

Dx
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Conservation of ©,,,(x)

@ Then, we have
<a§@uu(x)o>
(C %>aﬂ<2[a5(x)] a > [afsu(y>]ﬁo>

y€Dx

[ee] \

—;(c1vu)aﬁ<a422[ o e+ as()| Z[ae(y)150>

y€Dx a4 85( ) (=1

.x @

Dx
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Conservation of ©,,,(x)

@ Then, we have
<a§@uu(x)o>
(C %>aﬂ<2[a5(x)] a > [afsu(y>]ﬁo>

y€Dx

[ee] \

—;(c1vu)aﬁ<a422[ o e+ as()| Z[ae(y)150>

y€Dx a4 85( ) (=1

.x @

Dx

@ The first term of r.h.s. is a correlation function of renormalized operators with no
mutual overlap with an overall factor a
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Conservation of ©,,,(x)

@ Then, we have
<a§@uu(x)o>
(C 7u)aﬂ<3[35(x)] ady [855”(}/)][;0> =09

y€Dx

[ee] \

—;(c1vu)aﬁ<a422[ o e+ ag()| Z[ae(y)150>

y€Dx a4 85( ) =1

.x @

Dx

@ The first term of r.h.s. is a correlation function of renormalized operators with no
mutual overlap with an overall factor a
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Conservation of ©,,,(x)

@ Then, we have
<a§@uu(x)o>
(C 7u)aﬂ<3[35(x)] ady [855”(}/)][;0> =09

y€Dx

1, 1 0
~le 1vu)aﬁ<a4y€2;x.2[ i g B )LZ[ae(y)150>

[ee] \

. @

Dx

@ The first term of r.h.s. is a correlation function of renormalized operators with no
mutual overlap with an overall factor a

@ The second term is, according to our argument, also a correlation function of
renormalized operators with no mutual overlap with an overall factor a
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Conservation of ©,,,(x)

@ Then, we have

<a§@uu(x)o>
g(C ’YV)aB<Z[aE(X)] a y; [afsu(y)]ﬁo> =09
1 1 9 s
—5(C 1'7V)aﬁ<a4y;xz[ 50 e T X )Lz[ae(y)]50> %0

.x @

Dx

@ The first term of r.h.s. is a correlation function of renormalized operators with no
mutual overlap with an overall factor a

@ The second term is, according to our argument, also a correlation function of
renormalized operators with no mutual overlap with an overall factor a
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Conservation of ©,,,(x)

@ Then, we have

<a§@uu(x)o> 209

(C 7u)aﬂ<3[35(x)] ay [afsy(y)]ﬁo>ﬂ>o

y€Dx

1, 1 0 a—0
_g(C 1%)aﬁ<a4y€21;2[ a48£( )Ag—i—af( )]QZ[aS(y)]ﬁ(9> —0

[ee] \

.x @

Dx

@ The first term of r.h.s. is a correlation function of renormalized operators with no
mutual overlap with an overall factor a

@ The second term is, according to our argument, also a correlation function of
renormalized operators with no mutual overlap with an overall factor a
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Conservation of the anti-symmetric part of ©,,,,(x)

@ Step 2: Conservation of the anti-symmetric part of ©,,,.(x):

Auw(X) = 3 [0(6) ~ Buu(x)]
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Conservation of the anti-symmetric part of ©,,,,(x)

@ Step 2: Conservation of the anti-symmetric part of ©,,,.(x):
1
A (X) = 5 [Bur(X) = O (x)]
@ It turns out that (using the constraint 1(x) = %' (x)(~C™ ")),

A (X) = Ar€upo 0t [D(X)1a759(X)] + Aetr [$(X)0, (D + M)ih(x)] + aG(x)
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Conservation of the anti-symmetric part of ©,,,,(x)

@ Step 2: Conservation of the anti-symmetric part of ©,,,.(x):
1
A (X) = 5 [Bur(X) = O (x)]
@ It turns out that (using the constraint 1(x) = %' (x)(~C™ ")),

A (X) = Ar€upo 0t [D(X)1a759(X)] + Aetr [$(X)0, (D + M)ih(x)] + aG(x)

@ Then, we have trivially,

<8,fAW(X)O> 2290 for x e supp(O)
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Conservation of the anti-symmetric part of ©,,,,(x)

@ Step 2: Conservation of the anti-symmetric part of ©,,,.(x):
1
A (X) = 5 [Bur(X) = O (x)]
@ It turns out that (using the constraint 1(x) = %' (x)(~C™ ")),

A (X) = A€ 05 1 [5(X) 75950 (X)] + Axtr [15(X) 0 (D + M)ih(x)] + aG(x)

@ Then, we have trivially,
<8,fAW(x)O> 2290, for x «~ supp(0O)
@ In conclusion, we have

<8§7;,,(x)(’)> 2290, for x e~ supp(O)
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