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Target: 4D N/ =1 SYM

@ Simplest 4D SUSY gauge theory (. no scalar field)

S:/d4x [%tr(FWFW)Hr (DY), P=9"(-C")
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Target: 4D N/ =1 SYM

@ Simplest 4D SUSY gauge theory (.- no scalar field)
1 - - _
S:/d4x [Etr(FWFW)Hr @Dy)|,  $=v"(-CT)
@ SUSY ]
deAu = E’Y;ﬂ/)a detp = *E‘ng":uv, f_: fT(*Cq)
@ SUSY algebra in the present on-shell multiplet is complicated:

[0c,0¢] = —tu0u + Gr.a, +(eq.of motion of v), = &€’ — &€
——

gauge transf. no auxiliary field D
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Target: 4D N/ =1 SYM

@ Simplest 4D SUSY gauge theory (.- no scalar field)
1 - - _
S:/d4x [Etr(FWFW)Hr @Dy)|,  $=v"(-CT)
@ SUSY ]
deAu = E’Y;ﬂ/)a detp = *E‘ng":;wa f_: fT(*Cq)
@ SUSY algebra in the present on-shell multiplet is complicated:

[0c,0¢] = —tu0u + Gr.a, +(eq.of motion of v), = &€’ — &€
——

gauge transf. no auxiliary field D

@ Chiral U(1)a symmetry

doyp = 057, Soth = i0yrys

is an R symmetry
[00, 0¢] = S(c——iavse)
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Expected non-perturbative physics (for G = SU(N;))

@ No spontaneous SUSY breaking: Witten index Tr(—1)" = N # 0
@ Chiral symmetry breaking

(tr(P)) #0

anomaly & instanton
U(1)a Zan,

c

Zo, (domain wall)
@ Lowest-lying SUSY multiplet (Veneziano—Yankielowicz (1982))
gluino-glue o, tr(yF,.) < adjoint-n’ tr(ysv), adjoint-fy tr()
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Expected non-perturbative physics (for G = SU(N;))

@ No spontaneous SUSY breaking: Witten index Tr(—1)" = N # 0
@ Chiral symmetry breaking

(tr(P)) #0

anomaly & instanton
U(1)a Zan,

c

Zo, (domain wall)
@ Lowest-lying SUSY multiplet (Veneziano—Yankielowicz (1982))
gluino-glue o, tr(yF,.) < adjoint-n’ tr(ysv), adjoint-fy tr()

@ Non-perturbative study by the lattice regularization?

N
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Lattice formulation?

@ A possible lattice action:

Sun =35 (- 52 ) Rt [Uub0uLx-+ an)ubx-+ )l

Satino = &@" Ztr( x){zz (Vi + V3) — rav;,v ]}w( ))

o Link variables )
U,u (X) _ e/agAH(x)
o Covariant differences

V() = - [Ua0x + an) UL ) — w(x)]

Vi) = [0~ UL(x - an)u(x — aiUa(x — ai)]
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@ SUSY and, generally U(1)4, are broken by O(a) terms
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Lattice formulation?

@ A possible lattice action:

Sun =35 (- 52 ) Rt [Uub0uLx-+ an)ubx-+ )l

Satino = &@" Ztr( x){zz (Vi + V3) — rav;,v ]}w( ))

o Link variables )
U,u (X) _ e/agAH(x)
o Covariant differences

V() = - [Ua0x + an) UL ) — w(x)]

1
Vi) = - [900) = UL (x = ap)v(x — an)Uu(x — a)|
@ SUSY and, generally U(1)4, are broken by O(a) terms
@ These O(a) effects become O(1) through O(1/a) radiative corrections!
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Lattice formulation and fine tuning

@ To realize the target theory, we need parameter fine-tuning
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Lattice formulation and fine tuning

@ To realize the target theory, we need parameter fine-tuning

@ 4D N =1 SYM would be “simple”, because SUSY-breaking relevant operator is
unique:

/ d*x Mtr (49)
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Lattice formulation and fine tuning

@ To realize the target theory, we need parameter fine-tuning

@ 4D N =1 SYM would be “simple”, because SUSY-breaking relevant operator is
unique:

/ d*x Mtr (49)

@ Tuning the single parameter M would restore both SUSY and U(1)4 in the
continuum limit (Kaplan (1983), Curci—Veneziano (1987))

St = &' > Mtr [(x)p(x)]
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@ To realize the target theory, we need parameter fine-tuning

@ 4D N =1 SYM would be “simple”, because SUSY-breaking relevant operator is
unique:

/ d*x Mtr (49)

@ Tuning the single parameter M would restore both SUSY and U(1)4 in the
continuum limit (Kaplan (1983), Curci—Veneziano (1987))

St = &' > Mtr [(x)p(x)]

@ Total lattice action will be

S(O) = Sgluon + Sgluino + SI'(T?a)SS (+S(GOF)+FP)
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Lattice formulation and fine tuning

@ To realize the target theory, we need parameter fine-tuning

@ 4D N =1 SYM would be “simple”, because SUSY-breaking relevant operator is
unique:

/ d*x Mtr (49)

@ Tuning the single parameter M would restore both SUSY and U(1)4 in the
continuum limit (Kaplan (1983), Curci—Veneziano (1987))

Siss = &' >~ Mtr [P(x) ()]
X
@ Total lattice action will be
S(O) = Sgluon + Sgluino + SI'(T?a)SS (+S(GOF)+FP)
@ Or, a lattice chiral symmetry (a la Ginsparg—Wilson) would forbid M and imply

SUSY in the continuum limit (Neuberger (1997), Nishimura (1997),
Maru—Nishimura (1997), Kaplan—Schmaltz (2000))
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Lattice formulation and fine tuning

@ To realize the target theory, we need parameter fine-tuning

@ 4D N =1 SYM would be “simple”, because SUSY-breaking relevant operator is
unique:

/ d*x Mtr (49)

@ Tuning the single parameter M would restore both SUSY and U(1)4 in the
continuum limit (Kaplan (1983), Curci—Veneziano (1987))

St = &' > Mtr [(x)p(x)]

@ Total lattice action will be
SO = Sgiuon + Sgluino + Sr(r?ezss (+S((30|=)+FP)

@ Or, a lattice chiral symmetry (a la Ginsparg—Wilson) would forbid M and imply
SUSY in the continuum limit (Neuberger (1997), Nishimura (1997),
Maru—Nishimura (1997), Kaplan—Schmaltz (2000))

@ We want to understand this symmetry restoration in terms of Ward—Takahashi
(WT) relation. ..
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Lattice WT relation for U(1)4

@ (Localized) U(1)a transformation

Soth(x) = i0(X)ysp(X),  Sotb(x) = iO(X)(X)vs
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Lattice WT relation for U(1)4

@ (Localized) U(1)a transformation
o (x) = i0(X)se(X),  Sah(x) = iB(X)h(X)7s

@ We have

05 [650(06)] ©) = 2M (e [x)s0()] 0)+ (X101 { 5 555000
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Lattice WT relation for U(1)4

@ (Localized) U(1)a transformation
o (x) = i0(X)se(X),  Sah(x) = iB(X)h(X)7s

@ We have
05 [650(06)] ©) = 2M (e [x)s0()] 0)+ (X101 { 5 555000
@ Taking lattice symmetries (hypercubic, parity) into account,

Xa(x) = (1= Za)ap tr [$(xX)vur59(x)] — Ze£[FF1H(x) — éZP tr [D(x)s(x)] + - -
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Lattice WT relation for U(1)4

o (Localized) U(1), transformation
Sow(x) = i0(xX)1sw(x),  devb(x) = i6(X)P(X)s
o We have
05 [650(06)] ©) = 2M (e [x)s0()] 0)+ (X101 { 5 555000
@ Taking lattice symmetries (hypercubic, parity) into account,
Xa(x) = (1= Za) 0y tr [(X)7u1s0(X)] — Zep[FFI"(x) — éZP tr [P ()59 (X)] +
@ When the gauge-invariant operator O is apart from x,
240, (tr [9(x)1u75(x)] O)
— 2oz ([FFI00) +2 (M 320 ) (e [B(x0s0()] O)

U(1) 4 breaking
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Lattice WT relation for SUSY

@ (Localized) SUSY transformation
5e Uy (x) = iag% [E0) 7 () U (x) + E(x + @)y U (x)io(x + af)] |

dep(x) = —%awg(x)PW(x), P..(x): (traceless part of imag of) plaquette
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Lattice WT relation for SUSY

@ (Localized) SUSY transformation
5e Uy (x) = iag% [E0) 7 () U (x) + E(x + @)y U (x)io(x + af)] |

dep(x) = —%awg(x)PW(x), P..(x): (traceless part of imag of) plaquette
@ We have
7 (Su(X)0) = M (x(x)O) + (Xs(x)O) — <l_L5£@> L
o a* og(x)
where
Su(X) = (=100 tr [ (X)Poc ()], X(X) = 0 tr [(X) P (X)]
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Lattice WT relation for SUSY

@ (Localized) SUSY transformation
5e Uy (x) = iag% [E0) 7 () U (x) + E(x + @)y U (x)io(x + af)] |

dep(x) = —%awg(x)PW(x), P..(x): (traceless part of imag of) plaquette
@ We have
. 1 0
95 (.()0) = M (x()0) + (Xs()0) ~ s 505050 ) + -
where
Su(¥) = (=101 [P(X)Poo ()], X(X) = o tr [P(X) P (X)]
@ Taking lattice symmetries (hypercubic, parity) into account,
Xs(X) = (1= 28)9;.8,(0) ~ 210, T(xX) ~ 22:x(0) — Zor tr [0(0TNR(0)] + -

where
Tu(X) = 27 tr [ (X) Puv (X)]
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Lattice WT relation for SUSY

@ (Localized) SUSY transformation
5eUn(x) = iag 3 [E00b (00U () + E0x -+ @ Un()w(x + )]
detp(x) = —%awf(x)PW(x), P,..(x): (traceless part of imag of) plaquette
@ We have

95 (.()0) = M (x()0) + (Xs()0) ~ s 505050 ) + -

where
Su(X) = (=100 tr [ (X)Poc ()], X(X) = 0 tr [(X) P (X)]
@ Taking lattice symmetries (hypercubic, parity) into account,

Xs(X) = (1 = 25)0,Su(x) = 2709, Tu(x) —‘1; WX(X) = Zartr [ (X)) (x)] +

where
Tu(X) = 27, tr [(X) P (X)]
@ When the gauge-invariant operator O is apart from x,

05 (1255, + 2r (1 0) = (M 12,) (1(x)0)~ 2o i [4005(0()] O)
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(Necessary) condition for the symmetry restoration

@ Thus, for SUSY and U(1)4 WT identities without breaking to be restored,

1 1
M—lz —M-_1z,-0  Z%=0
a X 2a P 3 3F 9

that is,

and
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(Necessary) condition for the symmetry restoration

@ Thus, for SUSY and U(1)4 WT identities without breaking to be restored,

1 1
M—-2,=M- —2p=0, Z5=0
a X 23 P ) 3F )

that is,

and
Z3r =0 (@)

@ Curci—Veneziano (1987) argued (1), but in a very naive way, neglecting
complications associated with the gauge fixing, ghost etc. No mention on Z3¢
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(Necessary) condition for the symmetry restoration

@ Thus, for SUSY and U(1)4 WT identities without breaking to be restored,
M—lz —M—lz =0 Z3r=0
a X — 2a P =Y, 3F — U,
that is,

and
Z3r=0 (2)
@ Curci—Veneziano (1987) argued (1), but in a very naive way, neglecting
complications associated with the gauge fixing, ghost etc. No mention on Z3¢

@ Taniguchi (1999) confirmed (1) (and (2); private communication) by an explicit
one-loop calculation
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a X — 2a P =Y, 3F — U,
that is,

and
Z3r=0 (2)
@ Curci—Veneziano (1987) argued (1), but in a very naive way, neglecting
complications associated with the gauge fixing, ghost etc. No mention on Z3¢

@ Taniguchi (1999) confirmed (1) (and (2); private communication) by an explicit
one-loop calculation

@ Farchioni et al. (2001) noted the possibility of Z3F, but considered only G = SU(2)
for which tr(yyy) = 0
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(Necessary) condition for the symmetry restoration

@ Thus, for SUSY and U(1)4 WT identities without breaking to be restored,
M—lz —M—lz =0 Z3r=0
a X — 2a P =Y, 3F — U,
that is,

and
Z3r=0 (2)
@ Curci—Veneziano (1987) argued (1), but in a very naive way, neglecting
complications associated with the gauge fixing, ghost etc. No mention on Z3¢

@ Taniguchi (1999) confirmed (1) (and (2); private communication) by an explicit
one-loop calculation

@ Farchioni et al. (2001) noted the possibility of Z3F, but considered only G = SU(2)
for which tr(yyy) = 0

@ Here we prove (1) and (2) to all orders of perturbation theory
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(Necessary) condition for the symmetry restoration

@ Thus, for SUSY and U(1)4 WT identities without breaking to be restored,
M—lz —M—lz =0 Z3r=0
a X — 2a P =Y, 3F — U,
that is,

and
Z3r=0 (2)
@ Curci—Veneziano (1987) argued (1), but in a very naive way, neglecting
complications associated with the gauge fixing, ghost etc. No mention on Z3¢

@ Taniguchi (1999) confirmed (1) (and (2); private communication) by an explicit
one-loop calculation

@ Farchioni et al. (2001) noted the possibility of Z3F, but considered only G = SU(2)
for which tr(yyy) = 0

@ Here we prove (1) and (2) to all orders of perturbation theory

@ This must be important from the perspective of recent numerical simulations
(DESY-Miinster, Giedt et al. (USA), Endres (RIKEN), Kim et al. (JLQCD))

Hiroshi Suzuki (RIKEN) Supersymmetry. .. July 24,2012 @ YITP 8/16



Wilson fermion, tree-level Symanzik improved gauge action, G = SU(2)

(Bergner—Miinster—Sandbrink—Ozugurel-Montvay (2011))

@ 32° x 64, a=0.114r,

6.5 T T T T T T
6 L e-- *{. - b
55 . r--?-:"i}{.’ i
5 o - .
45 | ST _
VIl TP ' J
= 1 b i -
= Q.= 7] -
= 3.5F % ”"-:FTT__ g i
3t i o _
el
425 F P .
5 e T gluino-glue 8 = 1.75 +—— |
o 4"’ a—1n B =175 —+——
1.5 F i a—1n =16 r-=- ]
i gluino-glue g = 1.6 +- - -1
0 2 4 6 8 10 12
(romz)?
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Basic line of the proof

@ We want to know a constraint on possible breaking terms in the quantum
continuum limit
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Basic line of the proof

@ We want to know a constraint on possible breaking terms in the quantum
continuum limit

@ ltis natural to imagine a certain Wess—Zumino (WZ) like consistency condition
@ For the gauge anomaly, introducing the gauge BRS transformation sp,

eS0Ay = GecAu,  eSo¥ = Gectp,  eSoC = —igec®,  s3 =0,
the gauge anomaly
A= 5T, I': effective action,
satisfies
SoA=8=0, - s5=0
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@ For the gauge anomaly, introducing the gauge BRS transformation sp,

eS0Ay = GecAu,  eSo¥ = Gectp,  eSoC = —igec®,  s3 =0,
the gauge anomaly
A= 5T, I': effective action,
satisfies
SoA=8=0, - s5=0

@ In the present problem, it is natural to consider a certain BRS-like nilpotent
transformation that corresponds to SUSY and U(1)a
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Basic line of the proof

We want to know a constraint on possible breaking terms in the quantum
continuum limit

It is natural to imagine a certain Wess—Zumino (WZ) like consistency condition

@ For the gauge anomaly, introducing the gauge BRS transformation sp,

eS0Ay = GecAu,  eSo¥ = Gectp,  eSoC = —igec®,  s3 =0,
the gauge anomaly
A= 5T, I': effective action,
satisfies
SoA=8=0, - s5=0

In the present problem, it is natural to consider a certain BRS-like nilpotent
transformation that corresponds to SUSY and U(1)a

This BRS-like transformation should include also translation and gauge
transformations

[6§7 65/] = _tﬂaﬂ + gtuAu7 tM = E’Yug/ - g/ﬂYIl&.
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Basic line of the proof

@ Such a generalized BRS transformation s has been known in the continuum
theory (Zumino, White, Maggiore—Piguet-Wolf)

Hiroshi Suzuki (RIKEN)

SAM = DMC + E’Y;_L’l/) - itual/A,u,,

sy = —ig{c, v} — %a,ngW — it,0u1 + 10759,
sc = —igc® + EyuéAu — it.duc,

ST = B — it,9,,

sB= E’Yufaua — it,0uB,

SE = i07sE, st, = —ify,¢, s0=0
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Basic line of the proof

@ Such a generalized BRS transformation s has been known in the continuum
theory (Zumino, White, Maggiore—Piguet-Wolf)

SAM = DMC + E’Y;_L’l/) - itual/A,u,,

. 1 . .
sy = —Ig{C7 ’d)} - EGWEF;W - Itpa;/d} + 059,

s¢ = —igc® + A, — it,d,c,
s&=B—i,0,5,

$B = £v,£0,,¢ — it,0,B,

SE = i07sE, st, = —ify,¢, s0=0
@ New ghosts

&: Grassmann-even, 0: Grassmann-odd, t,: Grassmann-odd

are constant and possess opposite statistics as the corresponding transformation
parameters
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Basic line of the proof

@ Such a generalized BRS transformation s has been known in the continuum
theory (Zumino, White, Maggiore—Piguet-Wolf)

SAM = DMC + E’Y[_L’l/) - itual/A,u,,
. 1 . .
sy = —Ig{(f:7 ’Qb} - EUWEF;W - Itpa;/d} + 059,

s¢ = —igc® + A, — it,d,c,

s¢c =B - it,d,c¢,

$B = £v,£0,,¢ — it,0,B,

SE = i07sE, st, = —ify,¢, s0=0
@ New ghosts

&: Grassmann-even, 0: Grassmann-odd, t,: Grassmann-odd

are constant and possess opposite statistics as the corresponding transformation
parameters

@ Then one finds
sSe=0
for all variables ®, except ¢ on which,
s%1p = €5 Dy o (eq. of motion of ; on-shell nilpotency)
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Basic line of the proof

@ In continuum theory, the formal invariance implies the Slavnov—Taylor (ST) identity
or the Zinn-dJustin equation for the effective action,

S(I')=0
where
/d4 oF oF oF oF oF
6Ka (x) 5Aa( ) 5[{5()() dpa(x)  SKE(x) dca(x)
‘x |53 a oF
+ [ o { i+ o8 ‘X)ésa(x)
oF aF oF
+ Sfafg + StHW + 39% + -
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Basic line of the proof

@ We can define a lattice analogue of the generalized BRS transformation s but s is
not nilpotent by O(a) (of course!)

A, =0(a), s’ =rstrsDy+0(a),  s’c=0(a),

but still
sfe=6B=0, s¢=5t,=50=---=0
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Basic line of the proof

@ We can define a lattice analogue of the generalized BRS transformation s but s is
not nilpotent by O(a) (of course!)

A, =0(a), s’ =rstrsDy+0(a),  s’c=0(a),

but still
sfe=6B=0, s¢=5t,=50=---=0

@ The lattice action is also not invariant under s (of course!) and we end up with the
ST relation on the lattice

S(I) = < 42 EXs(X) 4 i0Xa(x )]+E~BE+K/-BK/+t-Bt>
J,K,E,t,0,u,v
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Basic line of the proof

@ We can define a lattice analogue of the generalized BRS transformation s but s is
not nilpotent by O(a) (of course!)

A, =0(a), s’ =rstrsDy+0(a),  s’c=0(a),

but still
sfe=6B=0, s¢=5t,=50=---=0

@ The lattice action is also not invariant under s (of course!) and we end up with the
ST relation on the lattice

S(I) = < 42 EXs(X) 4 i0Xa(x )]+E~BE+K/-BK/+t-Bt>
J,K,E,t,0,u,v

@ Here, Xs(x) and Xa(x) are O(a) symmetry breaking terms
¢ (Sgluon + Sgluino) = a4 Z EXS(X)

o (sgluon + sgluino) =a Z i0Xa(x)
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Basic line of the proof

@ The crucial ingredient is the “linearized” S(F), defined by

0 oF 0

= 42 5Aa x) 5K3 (X) §K;’\*M(x) A2 (x)
L OF & 6F 6 . 6F & . OF &
SK3(x) 0v3(x) — 0vA(x) 6K3(x)  0KZ(x) oc3(x)  dc3(x) dKE(x)

4 —a 0 a 1 0 0
+a XX:[SC (X)F(X)—i—SB (X)éBa(x) +S£8§+St“ +59%+...
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Basic line of the proof

@ The crucial ingredient is the “linearized” S(F), defined by

0 oF 0

_ 4
Z 5Aa x) 3KZ, () §K;’§H(x) 5AZ(x)
L O0F & 6F & 6F &5 . OF &
5K3(x) 043(x) T 093(x) 6K3(x) | 0KE(x) 6c3(x) T dca(x) 6K3(x)

4 —a 0 a 1 0 0
+a XX:[SC (X)F(X)—FSB (X)éBa(x) +S£8§+St“ +59%+...

@ Then,
D(F)S(F)=0
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Basic line of the proof

@ The crucial ingredient is the “linearized” S(F), defined by

0 oF 0

_ 4
Z 5Aa x) 3KZ, () §K;’§H(x) 5AZ(x)
L O0F & 6F & 6F &5 . OF &
5K3(x) 043(x) T 093(x) 6K3(x) | 0KE(x) 6c3(x) T dca(x) 6K3(x)

4 =a 4 a g 0 ad
+a XX:[SC (X)F(X)—FSB (X)5Ba(x):|+s§8§+3t“ +59%+...

@ Then,
D(F)S(F)=0
@ Since we had

S(I') = <a4 > " [EXs(X) + i0Xa(x)] + T+ Be + K- By + - B,>
J,K,E,t,0,u,v

X
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Basic line of the proof

@ The crucial ingredient is the “linearized” S(F), defined by

0 oF 0

_ 4
Z 5Aa x) 3KZ, () §K;’§H(x) 5AZ(x)
L O0F & 6F & 6F &5 . OF &
5K3(x) 043(x) T 093(x) 6K3(x) | 0KE(x) 6c3(x) T dca(x) 6K3(x)

4 =a 4 a g 0 ad
+a XX:[SC (X)F(X)—FSB (X)§Ba(x):|+S§8§+St“ +59%+...

@ Then,
D(F)S(F)=0
@ Since we had

S(I') = <a4 > " [EXs(X) + i0Xa(x)] + T+ Be + K- By + - B,>
J,K,E,t,0,u,v

X

@ r.h.s. must satisfy

Il
o

D(I) <a4 > " [EXs(x) + i0Xa(x)] + T+ Bs + K- By + - Bt>

J,K,&:t,0,u,v
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Very final step of the proof

@ The expectation value survives only through radiative corrections, thus O(k") with
n > 1. Taking O(h") terms of both sides,

O(n")
D(Sclassical) <a4 Z [f_XS(X) + /'QXA(X)] + c- Bz‘: + K, . BK’ +t- Bt> =0

X J,K,€,1,6,u,v

Hiroshi Suzuki (RIKEN) Supersymmetry. .. July 24,2012 @ YITP 15/16



Very final step of the proof

@ The expectation value survives only through radiative corrections, thus O(k") with
n > 1. Taking O(h") terms of both sides,

O(n")
D(Sclassical) <a4 Z [f_XS(X) + /'QXA(X)] + c- Bz‘: + K, . BK’ +t- Bt> =0

X J,K,€,1,6,u,v

@ This is the WT consistency condition that we were seeking!!!

Hiroshi Suzuki (RIKEN) Supersymmetry. .. July 24,2012 @ YITP 15/16



Very final step of the proof

@ The expectation value survives only through radiative corrections, thus O(k") with
n > 1. Taking O(h") terms of both sides,

O(n")
D(Sclassical) <a4 Z [f_XS(X) + i9XA(X)] + c- Bz‘: + K, . BK’ +t- Bt> =0

X J,K,€,1,6,u,v

@ This is the WT consistency condition that we were seeking!!!
@ Substituting the general forms of Xs(x) and Xa(x),

Xs(x) = —%ZXO'W, tr [ (X) Puv (X)] — Zartr [ ()P (X)0(x)] + -+ -,
Xa(x) = — L 2t [F0sw(0)] + -+
after some examination in the continuum limit, we have
1

2 =52, from the O(6", ¢') terms

Za3r =0, from the O(6°, £%) terms
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Very final step of the proof

@ The expectation value survives only through radiative corrections, thus O(k") with
n > 1. Taking O(h") terms of both sides,

O(n")
D(Sclassical) <a4 Z [f_XS(X) + i9XA(X)] + c- Bz‘: + K, . BK’ +t- Bt> =0

X J,K,€,1,6,u,v

@ This is the WT consistency condition that we were seeking!!!
@ Substituting the general forms of Xs(x) and Xa(x),

Xs(x) = —%ZXUW tr [ () Puv (X)] = Zar tr [p(X)D(X)(X)] + -+,

Xa(x) = — L 2t [F0sw(0)] + -+

after some examination in the continuum limit, we have

Z, = %ZP; from the O(6", ¢') terms

Za3r =0, from the O(6°, £%) terms
Q.E.D.
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@ Applying the generalized BRS transformation that treats gauge, SUSY, translation,
U(1)a in a unified way, to the lattice framework, we have established the relations,

1
Zx = 52p, Z3F = 0,

to all orders of the perturbation theory in the continuum limit
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@ Applying the generalized BRS transformation that treats gauge, SUSY, translation,
U(1)a in a unified way, to the lattice framework, we have established the relations,

)
Zy=52,  Zr =0,

to all orders of the perturbation theory in the continuum limit

@ These relations provide a theoretical basis for lattice formulations of 4D N = 1
SYM
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@ Applying the generalized BRS transformation that treats gauge, SUSY, translation,
U(1)a in a unified way, to the lattice framework, we have established the relations,

1
Zx = 52p, Z3F = 0,

to all orders of the perturbation theory in the continuum limit

@ These relations provide a theoretical basis for lattice formulations of 4D N = 1
SYM

@ Constraint on the mixing of Xs with BRS non-invariant operators (Taniguchi (1999))

/d4x G¢(BRS non-invariant operators) = 0
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@ Applying the generalized BRS transformation that treats gauge, SUSY, translation,
U(1)a in a unified way, to the lattice framework, we have established the relations,

1
Zx = 52p, Z3F = 0,

to all orders of the perturbation theory in the continuum limit

@ These relations provide a theoretical basis for lattice formulations of 4D N = 1
SYM

@ Constraint on the mixing of Xs with BRS non-invariant operators (Taniguchi (1999))
/d4x G¢(BRS non-invariant operators) = 0

@ Renormalized supercurrent and the energy-momentum tensor that go well with
SUSY algebra (a la Ferrara—Zumino)?

5£j5u = f_’YSSu: 5& Su = 2%57_#” +
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@ Applying the generalized BRS transformation that treats gauge, SUSY, translation,
U(1)a in a unified way, to the lattice framework, we have established the relations,

)
Zy=52,  Zr =0,

to all orders of the perturbation theory in the continuum limit

@ These relations provide a theoretical basis for lattice formulations of 4D N = 1
SYM

@ Constraint on the mixing of Xs with BRS non-invariant operators (Taniguchi (1999))
/d4x G¢(BRS non-invariant operators) = 0

@ Renormalized supercurrent and the energy-momentum tensor that go well with
SUSY algebra (a la Ferrara—Zumino)?

5£j5u = f_’YSSu: 5& Su = 2%57_#” +

@ Lattice formulation of other supersymmetric theories. ..
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