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RENORMALIZABILITY

@ The Standard Model has a purely perturbative definition (series of
what?).[not first time in science...]
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@ The Standard Model has a purely perturbative definition (series of
what?).[not first time in science...]

@ Due to triviality, a non-perturbative construction of the Standard
Model (at least EW) is expected only with a finite lattice cut-off

@ Cut-off must be higher than experiments scales

@ There is an expected connection between renormalizability and
maximal cut-off.

@ In Fermi "Tentativo”(non renormalizable) control up to a cut-off
order of the inverse of the coupling (~ 80Gev).
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RENORMALIZABILITY

@ The Standard Model has a purely perturbative definition (series of
what?).[not first time in science...]

@ Due to triviality, a non-perturbative construction of the Standard
Model (at least EW) is expected only with a finite lattice cut-off

@ Cut-off must be higher than experiments scales

@ There is an expected connection between renormalizability and
maximal cut-off.

@ In Fermi "Tentativo”(non renormalizable) control up to a cut-off
order of the inverse of the coupling (~ 80Gev).

@ The U(1)y x SU(2) SM electroweak is renormalizable (Weinberg
(1967), t'Hofft (1971) ) hence in principle one could reach a cut-off
exponentially large in the inverse coupling (higher than experiments).
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RENORMALIZABILITY

@ The Standard Model has a purely perturbative definition (series of
what?).[not first time in science...]

@ Due to triviality, a non-perturbative construction of the Standard
Model (at least EW) is expected only with a finite lattice cut-off

@ Cut-off must be higher than experiments scales

@ There is an expected connection between renormalizability and
maximal cut-off.

@ In Fermi "Tentativo”(non renormalizable) control up to a cut-off
order of the inverse of the coupling (~ 80Gev).

@ The U(1)y x SU(2) SM electroweak is renormalizable (Weinberg
(1967), t'Hofft (1971) ) hence in principle one could reach a cut-off
exponentially large in the inverse coupling (higher than experiments).

@ Can we construct a non-perturbative EW theory with lattice cut-off
(Effective QFT)?
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ANOMALIES

@ Renormalizability in a chiral theory is not trivial; it has Anomalies
(Adler 1969) which should cancel to preserve gauge invariance.
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ANOMALIES

@ Renormalizability in a chiral theory is not trivial; it has Anomalies
(Adler 1969) which should cancel to preserve gauge invariance.
@ In EW this is true at one loop (Bouchiat, lliopoulos, Meyer (1972))

Z(YEL - YE,’R) =0 Z Yir=0
for (v, e,u, d) 6(1/3)3 +2(—1)% — 3(4/3)3 — 3(—2/3)® — (—2)3 =0,
—1+(1/3)3 =0; 3 colors, charges 0,1,2/3,-1/3 Y, [, = Y. = —1,
Yu,L = Yd,L = 1/3, Y,,yR =0, Ye,R = -2, Yu,R = 4/3, Yd,R = —2/3
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ANOMALIES

@ Renormalizability in a chiral theory is not trivial; it has Anomalies
(Adler 1969) which should cancel to preserve gauge invariance.
@ In EW this is true at one loop (Bouchiat, lliopoulos, Meyer (1972))

(Y=Y =0 ) Yi,=0
(2 1
for (v, e,u, d) 6(1/3)3 +2(—1)% — 3(4/3)3 — 3(—2/3)® — (—2)3 =0,
—1+(1/3)3 =0; 3 colors, charges 0,1,2/3,-1/3 Y, [, = Y. = —1,
Yur=Yer=1/3, Yop=0 Yep=-2,Y, p =4/3, Yyp=-2/3
@ Charge quantization. Explain why the charge of electron and proton
are exactly opposite (in the classical SM just parameters)
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ANOMALIES

@ Renormalizability in a chiral theory is not trivial; it has Anomalies
(Adler 1969) which should cancel to preserve gauge invariance.
@ In EW this is true at one loop (Bouchiat, lliopoulos, Meyer (1972))

(Y=Y =0 ) Yi,=0

7 7
for (v, e,u, d) 6(1/3)3 +2(—1)3 — 3(4/3)3 — 3(-2/3)% — (-2)3 =0,
—1+(1/3)3 =0; 3 colors, charges 0,1,2/3,-1/3 Y, [, = Y. = —1,
Yur=Yar=1/3, Yup=0, Yor=—2, Yur=4/3, Yop = —2/3

@ Charge quantization. Explain why the charge of electron and proton
are exactly opposite (in the classical SM just parameters)

@ In perturbative continuum context higher orders are cancelled by
symmetries (Adler-Bardeen theorem) broken by the lattice ( Nielsen,
Ninomiya 1983)
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ANOMALIES

@ Renormalizability in a chiral theory is not trivial; it has Anomalies
(Adler 1969) which should cancel to preserve gauge invariance.
@ In EW this is true at one loop (Bouchiat, lliopoulos, Meyer (1972))

(Y=Y =0 ) Yi,=0

7 7
for (v, e,u, d) 6(1/3)3 +2(—1)3 — 3(4/3)3 — 3(-2/3)% — (-2)3 =0,
—1+(1/3)3 =0; 3 colors, charges 0,1,2/3,-1/3 Y, [, = Y. = —1,
Yur= Y, =1/3, Yup=0, Yop=—2 Y, g =4/3, Yy =—2/3

@ Charge quantization. Explain why the charge of electron and proton
are exactly opposite (in the classical SM just parameters)

@ In perturbative continuum context higher orders are cancelled by
symmetries (Adler-Bardeen theorem) broken by the lattice ( Nielsen,
Ninomiya 1983)

@ Topology (lattice no interaction); Lattice QFT (Luscher ,Neuberger
order by order)[Ginspar-Wilson, overlap, extra dimension,...]
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FORMAL CONTINUUM MODEL

@ An RG approach inspired by recent results on universality in statistical
mechanics.

ROPIETRO (UNIVERSITY OF MILVA 3 OF THE ANOMALY IN LATTICE CH FEBRUARY



FORMAL CONTINUUM MODEL

@ An RG approach inspired by recent results on universality in statistical
mechanics.

@ Chiral U(1) gauge theory [ dzF),

—i—Z/dx A RPN ¢
+Z/

0N (0 o (T 0
L
o

Y= (00, —i0).

wFuy + (1= )(0uBy)?

— + R _
By 1at Vi RaCun Oy 1 4]

ZQRI M(a +AY, )wzz Rx—i_wzz La: M wi_z,L,x]
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FORMAL CONTINUUM MODEL

@ An RG approach inspired by recent results on universality in statistical
mechanics.

@ Chiral U(1) gauge theory [ dzF, ,F,., + (1 —£)(8,B.)?

_ R _
-i-Z/dZ‘ i1, LZE ,u a + AY, )¢i1,L,x+¢Z,R,xauaﬂwi1,L,m]

+Z/ ZQRI M(a +AY, )wZ2RI+w’52L$ 1% wi_z,L,x]

0N (0 o (T 0

o*lf = (09, i0), 05 = (09, —i0).
@ R fermions of kind 7; and the L fermions of kind i decouple (Testa,
Maiani 1990).

VIERI MASTROPIETRO (UNIVERSITY OF MILVANISHING OF THE ANOMALY IN LATTICE CH FEBRUARY 8, 2023 4/18



FORMAL CONSERVATION LAWS

@ The current coupled to B, is

T o L o+ R
=D Yk Loy re T D Yol ooy pa
’il i2
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FORMAL CONSERVATION LAWS

@ The current coupled to B, is

Z Yllwzl L,z ,ul/)zl L,x + Z YZszg R,x /Jf/(/}ZQ,RZE

. TV . .TA . T,V T A _
Y JE =Jju’ tiu with m =3 Z Yz],u,,z,x: Z Yglj,u i,z
52'1 = _éiQ =1,
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FORMAL CONSERVATION LAWS

@ The current coupled to B, is

Z Yllwzl L,z ,ul/)zl L,x + Z YZszg R,x /Jf/(/}ZQ,RZE

o il =40V 450" with Y =3, Yiduia " = 532 YVifid o
éil = _51'2 =1,

@ Formal application of Noether theorem; phase symmetry 1)—s1/e’™®
implies GﬂjMT’V = 0; Chiral symmetry 1) — 10e75 implies implies
8,”5 A — 0 therefore the current is conserved 8ujuT =0
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FORMAL CONSERVATION LAWS

@ The current coupled to B, is

Z Yllwzl L,z ,ul/)zl L,x + Z YZszg R,x u¢zz,Rm

° jg :j,T’V —i—j,f’A with j,T’ =3 Z Yijuiz Jn TA =3 Z Y&jﬂw,
€y = —€ip =1,

@ Formal application of Noether theorem; phase symmetry 1)—s1/e’™®
implies GﬂjMT’V = 0; Chiral symmetry 1) — 10e75 implies implies
8,”5 A — 0 therefore the current is conserved 8ujuT =0

@ iy = (v1,e1,u.dy), 2 = (v2, €2, u2.dz); U(1)y sector with no Higgs
and massless fermion.
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LATTICE MODEL

VML) / P(dB) / P(dip) eV OB+ Velh)+BP 0)+(6.9)
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LATTICE MODEL

NIT8) / P(dB) / (dip) eV BT+ Ve +BU ) +(5.0)

P(dB) gaussian measure with propagator

1 etk(z—y) £o,0
B HY
g S 6
v 9) = T3 — |02 + VA RS oy Vel

with o, (k) = (e — 1)a™!
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LATTICE MODEL

NIT8) / P(dB) / (dip) eV BT+ Ve +BU ) +(5.0)

P(dB) gaussian measure with propagator

1 etk(z—y) £o,0
B HY
g S 6
v 9) = T3 — |02 + VA RS oy Vel

with o, (k) = (e — 1)a™!
° P(d?/)) Grassmann measure with propagator ¢;(z,y) =
L4 S, efkle=)( > ivoyua L sin(k,a) + aLyor >, (1 —cos kya))~t
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LATTICE MODEL

NIT8) / P(dB) / (dip) eV BT+ Ve +BU ) +(5.0)

P(dB) gaussian measure with propagator

1 etk(z—y)

B _ §0u0y
gy,u(% y) = T4 m
k

Ons o+ 007

with o, (k) = (e — 1)a™!
° P(d?/)) Grassmann measure with propagator ¢;(z,y) =
L4 S, efkle=)( > ivoyua L sin(k,a) + aLyor >, (1 —cos kya))~t
@ Wilson term proportional to r; with » = 0 other poles in addition to 0
(r/a,0,0,0 etc) corresponding to unphysical particles (low energy
limit non recovered r = 0). But r # 0 breaks chiral symmetry.
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LATTICE MODEL

@ Interaction with gauge field V = Vi + V5 with
i = a* Zzsz[O+ G +0,:s:G ]

0,%,8,Z 7 [4,,8,T 0,%,8,% 7 [1,1,8

Eo(@) = a7l (s FIYOR Bt ) s )

S, — S, —
,u,l,s T zpl S,T uwi,s,ereua? O,u,,i,s,x - 1/}2 s, zt+eya ,uwi,s,:r

biy,. = biy,r =1, by R = b, = 0 (J,, external field). Interaction
with B,, only the 7; L fermions and the i R fermions
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LATTICE MODEL

@ Interaction with gauge field V = Vi + V5 with
i = a* Zzsz[O+ G +0,:s:G ]

0,%,8,Z 7 [4,,8,T 0,%,8,% 7 [1,1,8

Gizs(x) = a_l(l €¥iaYi()‘bivsBM,1+J;¢,x> . _1)

,u,l,sx* wlsx 0 zstreua? .8, wzsereua ,uwzs:r

biy,. = biy,r =1, by R = b, = 0 (J,, external field). Interaction
with B,, only the 7; L fermions and the i R fermions
@ V5 is obtained by the Wilson term with the perierls substitution with

pi,i,z — a—l(e:Fz'aYiJH’, o 1)
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LATTICE MODEL

@ Interaction with gauge field V = Vi + V5 with
Vl = G4Zzsz[OzzsxG,u,zsz+ O;:lsxG;zs]

+ ((E) _ a—l(: e$iaYi()\bi,sBM,m+Jﬂ’m) . _1)

,u,l,sx* wlsx 0 zstreua? .8, wzsereua ,uwzs:r

biy,. = biy,r =1, by R = b, = 0 (J,, external field). Interaction
with B,, only the 7; L fermions and the i R fermions
@ V5 is obtained by the Wilson term with the perierls substitution with
;fi,z — a—l(e:Finsz o 1)
@ The mass counterterm is
Ve=>; a tyat dow (wZ LaVipe T @bl 7 wd};L,I) (fixed to get
vanishing dressed fermionic mass)
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OBSERVABLES

° B_a4zlw Wﬁju, ji :Z. éiesYiZf:sw s “wmswith
€y = —&; —1andeL——5R—1
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OBSERVABLES

° B_a4z ijw ji :Z. éiesYiZf:sw s “wmswith
€y = —&; —1andeL——5R—1

@ The 2-point function S ( y) = WA, T3, ) lo;

T

i,y
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OBSERVABLES

e B= a4z ijw ji => éiesYiZf:sw s “wms with

€y = —&; —1andeL——5R—1
@ The 2-point function SZ 5o (Ty) = WWA(J J5, )o;
7,8,& i,8'y
@ The vertex functions are
A o3 A 5 .
Lo s(z2,y) = 8JN728¢ZL3$6¢1/SUW (J,J°, ¢)|o and similar

5,A
Iz 2,y)
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OBSERVABLES

e B=¢* Z/” Wﬁju, ji = Ei€s Y,-Zf:sw s uwm s with

€y = —&; —1andeL——5R—1

@ The 2-point function SZ 5o (Ty) = WWAU I, )|o;

@ The vertex functions are
Fl’}i, S(zzy) = 8Ju728¢?jza¢ll SUWA(J, J5,¢)|o and similar
Fii\s(z, T,y)

@ The three current vector VVV and axial AVV correlations are
Hﬁ,up(zv y, ) = (%f;%b and Hu,v,o(z y,z) = #% 0
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OBSERVABLES

e B=¢* Z/” Wﬁju, ji = Ei€s Y,-Zf:sw s uwm s with

€y = —&; —1andeL——5R—1
@ The 2-point function SZ 5o (Ty) = WWA(J ENOINE
©,5,T i,8'y
@ The vertex functions are
A 93 A 5 —
Lo s(z2,y) = 3Ju,z3¢>jm3¢llww (J,J°,¢)|o and similar
5,A
Iz 2,y)
@ The three current vectgor VVV and axial AVV correlations ari
A 33Wh *w
I (29, 2) = OTa0T, 9T s lo and HWP(Z Y x) = 9T% 070407 10
.T,V..T,V.

@ They are the lattice analogue of < j, " ;ju, " ; ],,n >T and

T,A. .T, V. .T,V
<Juigesdud T >T
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WELL DEFINITION

@ WA well defined for finite L, a, M (even if non compact)
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WELL DEFINITION

@ WA well defined for finite L, a, M (even if non compact)
@ We can integrate the B,; ¢V"¥) = [ P(dB)e"®B) with

VO =3 [dzH,(z)[]; =" H given by Truncated expectations
gg(eialeYlaBm o eienannB#n)).
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WELL DEFINITION

@ WA well defined for finite L, a, M (even if non compact)
° We can integrate the By; Ve( = [ P(dB)e"®5) with

=Y [ dzH,(z) ], 1[15 = ,H given by Truncated expectations
gT( zaleYlaBM . ezenannB#n))

() Battle—Bridges—Federbush formula X =1,..,n
er =, 11 V,J/de s)e” V1)
TeT i,jeT

with T trees [ dpr(s) =1, V(s) convex combination of of
V( Y) = Zi,jeY Vi’j, Y subsets of X, Vi’j = S(GBM(.Z‘i)CLBM(xj)).
V(Y)>o0.
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WELL DEFINITION

@ WA well defined for finite L, a, M (even if non compact)
° We can integrate the By; = [ P(dB)e"®5) with

=Y [ dzH,(z) ], 1[15 = ,H given by Truncated expectations
gT( zaleYlaBM . ezsnannB#n))

° Battle—Bridges—Federbush formula X =1, ..

er =, 11 V,J/de s)e” V1)

TeT i,jeT

with T trees [ dpr(s) =1, V(s) convex combination of of
V( Y) = Zi,jeY Vi’j, Y subsets of X, Vi’j = S(aBM(xi)aBMj(xj))
V(Y)>o0.

@ V(s)>0and ) ;< C"nl; convergence and "dimensional” bounds
| Hym| < C™a(=3n=m)N (| X| /(Ma))2(n—D)
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WELL DEFINITION

@ WA well defined for finite L, a, M (even if non compact)
° We can integrate the By; Ve( = [ P(dB)e"®5) with

=Y [ dzH,(z) ], 1[15 = ,H given by Truncated expectations
gT( zaleYlaBM . ezsnannB#n))

() Battle—Bridges—Federbush formula X =1,..,n

er =, 11 V,J/de s)e” V1)

TeT i,jeT

with T trees [ dpr(s) =1, V(s) convex combination of of
V( Y) = Zi,jeY Vi’j, Y subsets of X, Vi’j = S(aBM(xi)aBMj(xj))
V(Y)>o0.

@ V(s)>0and ) ;< C"nl; convergence and "dimensional” bounds
| Hnmll < C™a™ (=30 mIN(N]/(Ma)) =Y

@ Fermionic part determinant bounds (L finite). To get L — oo
multiscale (see below)
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VECTOR CURRENT CONSERVATION

@ By the change of variables .  — ¢F _e+iYios we get

©,8,T ©,8,T

W(J,J5, ¢) = W(J+ dya, J°, eY%¢) hence Ward Identites
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VECTOR CURRENT CONSERVATION

@ By the change of variables 1/@ 5 1/% 5,26 etiViow e get
W(J, J5,gz5) = W(J + dya, J5 ’Yagb) hence Ward Identites

0 Z ou(p ) o ’l,n(pl, ,Pn) =0 p p1 + ..pn, [Vector current

conservation 9,, < ]T V,]z/Tl Va -]un >T— 0]
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VECTOR CURRENT CONSERVATION

@ By the change of variables 1/@ 5 1/% 5,26 etiViow e get
W(J, J5,gz5) W(J + d,o, J5 ’Yagb) hence Ward Identites

° Z ou(p ) o ’Vn(pl, ,Pn) =0 p p1 + ..pn, [Vector current

conservation 9,, < ]T V,]z/Tl Va -]un > 7= 0]

(*]
ZU# uzs k p) (SZAS s(k) Si/\ss(k+p))
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VECTOR CURRENT CONSERVATION

@ By the change of variables 1/@ 5 1/% 5,26 etiViow e get
W(J, J5,gz5) W(J + d,o, J5 ’Yagb) hence Ward Identites

° Z ou(p ) B (P Pn) =0 p p1 + ..pn, [Vector current
TV, .T,V.
conservation 8 <Ju’ g i -]un > 7= 0]

(*]
ZU# uzs k p) (SZAS s(k) Si/\ss(k+p))

5, A 5,A
o Z,, Uu(pl)Hzlu,p(plyp?) - Zp Up(pQ)HZ:V,p(phpQ) =0
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AXIAL CURRENT

@ If r =0 (exact decoupling) also the axial current would be conserved
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AXIAL CURRENT

@ If r =0 (exact decoupling) also the axial current would be conserved

@ If r # 0 generally no conservation for the axial current.
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AXIAL CURRENT

@ If r = 0 (exact decoupling) also the axial current would be conserved
@ If r # 0 generally no conservation for the axial current.

@ In the non-interacting case. A = 0 (with finite lattice), up to possible
subdominant corrections (lhs r independent)
Zu ou(p1 + PZ)Hz,p,a = 5%%/}@#“#(1)1)%(1’2)[Zil Yg - Eig Yi?;]'
Conservation if ), Yi - Y3 =0.

2
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AXIAL CURRENT

@ If r = 0 (exact decoupling) also the axial current would be conserved
@ If r # 0 generally no conservation for the axial current.

@ In the non-interacting case. A = 0 (with finite lattice), up to possible
subdominant corrections (lhs r independent)

22 Oulpr + P, o = E#Wvﬂﬂﬁ"u(pl)%(?z)[Zil Y- > Y.
Conservation if ZZ.I Yi — ZZ.Q Y3 =0.

iz
@ This is just the lowest order of a complex series;

ﬂi,p,o =113 + )‘ﬂ?,u,p,a + NI + o

sHyP50 P50

VIERI MASTROPIETRO (UNIVERSITY OF MILVANISHING OF THE ANOMALY IN LATTICE CH FEBRUARY 8



AXIAL CURRENT

@ If r = 0 (exact decoupling) also the axial current would be conserved
@ If r # 0 generally no conservation for the axial current.

@ In the non-interacting case. A = 0 (with finite lattice), up to possible
subdominant corrections (lhs r independent)

22 Oulpr + P, o = E#Wvﬂﬂﬁ"u(pl)%(?z)[Zil Y- > Y.
Conservation if ZZ.I Yi — ZZ.Q Y3 =0.

iz
@ This is just the lowest order of a complex series;

ﬂi,p,o =113 + )‘ﬂ?,u,p,a + NI + o

sHyP50 P50

@ Do all other terms cancel under the same condition?
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MAIN RESULT

@ Theoremlet us fix r =1 and Ma > 1. For |A| < A\o(Ma) and
suitable v;, Zf’s
1)the limits L — oo of correlations exist
~ 1'\5
2)limy_,0 S;,s(k) = 0o and limy, 0 F“’ 2 =g de, =—ep=1
3)2 UM( p1+ p2)Hu P, Eugl;rg Gpupy[zzl zl 212 12] + To,o

with |1, .| < Ca’p*t%, p = max(|p1],|p2|) and 6 = 1/2.
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with |1, .| < Ca’p*t%, p = max(|p1],|p2|) and 6 = 1/2.

@ Convergence if the lattice cut-off is smaller than the boson mass.
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@ Theoremlet us fix r =1 and Ma > 1. For |A| < A\o(Ma) and
suitable v;, Zf’s
1)the limits L — oo of correlations exist
~ 1'\5
2)limy_,0 S;,s(k) = 0o and limy, 0 F“’ 2 =g de, =—ep=1
3)2 O-M( p1+ p2)Hu P, 5u217/r§ Gpupy[zzl zl 212 12] + To,o

with |1, .| < Ca’p*t%, p = max(|p1],|p2|) and 6 = 1/2.

@ Convergence if the lattice cut-off is smaller than the boson mass.

@ The vanishing of the anomaly is proved with a finite lattice cut-off at
a non perturbative level with the same condition in the continuum
perturbative

VIERI MASTROPIETRO (UNIVERSITY OF MILVANISHING OF THE ANOMALY IN LATTICE CH FEBRUARY 8,



MAIN RESULT

@ Theoremlet us fix r =1 and Ma > 1. For |A| < A\o(Ma) and
suitable v;, Zf’s
1)the limits L — oo of correlations exist
~ 1'\5
2)limy_,0 S;,s(k) = 0o and limy, 0 F“’ 2 =g de, =—ep=1
3)2 O-M( p1+ p2)Hu P, 5u217/r§ Gpupy[zzl zl 212 12] + To,o

with |1, .| < Ca’p*t%, p = max(|p1],|p2|) and 6 = 1/2.

@ Convergence if the lattice cut-off is smaller than the boson mass.

@ The vanishing of the anomaly is proved with a finite lattice cut-off at
a non perturbative level with the same condition in the continuum
perturbative

@ Prerequisite for construction at higher cut-off.
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FERMIONIC INTEGRATION

@ One gets [ P(dy)e —V(®) with V sum of monomials in ¢, J, J°.
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FERMIONIC INTEGRATION

@ One gets [ P(dy)e ~ V() with V sum of monomials in 1, J, J°.

@ As the fermions are massless, one needs a multiscale decomposition
P = Zngoo Y", and integrate step by step the fields with decreasing
energy vV ~ m/a (exact Wilson RG); in the first step is essential the
Wilson term to have the correct scaling
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FERMIONIC INTEGRATION

@ One gets [ P(dy)e —V(®) with V sum of monomials in ¢, J, J°.

@ As the fermions are massless, one needs a multiscale decomposition
P = Zngoo Y", and integrate step by step the fields with decreasing
energy vV ~ m/a (exact Wilson RG); in the first step is essential the
Wilson term to have the correct scaling

(*) fP dw <N fP dw (EN-— 1) fP dw N)) V(w(<N 1)+w(N)))
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FERMIONIC INTEGRATION

@ One gets [ P(dy)e ~ V() with V sum of monomials in 1, J, J°.

@ As the fermions are massless, one needs a multiscale decomposition
P = Z?L:foo Y", and integrate step by step the fields with decreasing
energy vV ~ m/a (exact Wilson RG); in the first step is essential the
Wilson term to have the correct scaling

(*) fP dw <N fP d?,b (EN-— 1) fP dw N)) V(w(<N 1)+w(N)))

= /P(d¢<§N—1)) 6V(§N—1)(¢(§N—1)) _

@ Renormalization; convergent expansion in the rcc Zj, ; 5 (Gallavotti
trees). Zj, ;s (wave function renormalization) Z,{J’S ( vector current
renormalization), Z;:’L’LS ( axial current renormalization), v, ; (mass
renormalization)
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CANCELLATIONS

@ rcc have a finite imit |2}, ;s — Z_ci 6] < Cer?h=N): the Z_ooiys
depends on 7, s and all lattice details.
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CANCELLATIONS

@ rcc have a finite imit |2}, ;s — Z_ci 6] < Cer?h=N): the Z_ooiys
depends on 7, s and all lattice details.
@ Crucial step ; the 3 current correlation can be decomposed as
Hz,p,a(pla P2) = HZ,p,g(Pl,pz) + R,u,p,o(pla p2)
with
@ II% depend only on rcc (only triangle graphs) [non-differentiable]
° Ru,p,o by an at least an irrelevant term (infinite series of terms)
[differentiable].
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CANCELLATIONS

@ rcc have a finite imit |2}, ;s — Z_ci 6] < Cer?h=N): the Z_ooiys
depends on 7, s and all lattice details.
@ Crucial step ; the 3 current correlation can be decomposed as

15, - (p1,p2) =102, (p1. p2) + Ryupo (1, p2)
with
@ II% depend only on rcc (only triangle graphs) [non-differentiable]
° Ru,p,o by an at least an irrelevant term (infinite series of terms)
[differentiable].
@ Renormalized triangle graphs [f, momentum cut-off in the RG]

5 J J
ﬁa (pl p2) - j : j :6 - Y3Z 00,7, Zfoo,i,,s Zfoo,i,s
3P0 ’ - s
P h ds Z—oo,z,s Z—oo,i,s Z—oo,i,s
hg,h3

fh1( ) fh2 . s fh3 ]
/(27r) i i e 1 ) Y i 1 p2) )
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CANCELLATIONS

@ The lattice WI implies exact relations between cancellation
z7 . .
=2 =] [because of the fact that correlation are equal to free with

reormalized parameters up to subleading]; moreover by the choice of
5

VA
Zf’s we have -—==%2 = 1.

Zfoo,i,s
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CANCELLATIONS

@ The lattice WI implies exact relations between cancellation

=2 =] [because of the fact that correlation are equal to free with
reormalized parameters up to subleading]; moreover by the choice of

5 Zioo 7,5
Z. we have =2 = 1.
—00,1,5

° HZ p.oc = lu,p,o becomes equal to the continuum free triangle with
momentum regularization

3 dk  x(k)  x(k+p)  x(k+p°)
ZY/ )Trﬁ7u75/€+/ﬁ7uﬁ+/p2%

Lipo
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CANCELLATIONS

@ The lattice WI implies exact relations between cancellation

=2 =] [because of the fact that correlation are equal to free with
reormalized parameters up to subleading]; moreover by the choice of

5 Zioois’
Z. we have ——=%% =1,

Zfoo,z,s
“ . . .
° Hu p.oc = lu,p,o becomes equal to the continuum free triangle with
momentum regularization

3 dk  x(k)  x(k+p)  x(k+p°)
ZY/ )Trﬁ7u75/€+/ﬁ7uﬁ+/p2%

Lipo

@ It does not conserve current

(D& Y3)

Z(pl,,u + pZ,u)I,u,u,cr = Tpl aP2,8EaBro
I
ZV pl,l/j,u,l/,a = %pl aP2,Eafuc

VIERI MASTROPIETRO (UNIVERSITY OF MILVANISHING OF THE ANOMALY IN LATTICE CH FEBRUARY 8,



CANCELLATIONS

A~

@ Ry po(p1,p2) (in contrast to II*) cannot be written explicitly
(renormalized series expansion).
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CANCELLATIONS

A~

@ Ry po(p1,p2) (in contrast to II*) cannot be written explicitly
(renormalized series expansion).

@ However it can by written in Taylor series in p1, po up to first order
(in contrast to I1%)
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CANCELLATIONS

A~

@ Ry po(p1,p2) (in contrast to II*) cannot be written explicitly
(renormalized series expansion).

@ However it can by written in Taylor series in p1, po up to first order
(in contrast to I1%)

@ The coefficients are fixed using the WI " a,,(pl)flz”j,),p(pl,pg) =0
and the WI for I, so that R, ,+(0,0) = 0 and

87% v,o ~
apuﬁ = _#5%@#0(2i8i Y?)

16/18
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CANCELLATIONS

A~

@ Ry po(p1,p2) (in contrast to II*) cannot be written explicitly
(renormalized series expansion).

@ However it can by written in Taylor series in p1, po up to first order
(in contrast to I1%)

@ The coefficients are fixed using the WI " a,,(pl)flz’f,),p(pl,pg) =0
and the WI for I, so that R, ,+(0,0) = 0 and

87%/ v,o ~
apuﬁ = _#5%@#0(2i5i Y?)

@ Using such values and the WI for I we get the main result. u
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CANCELLATIONS

° 7?,M7p70(p1,p2) (in contrast to I1%) cannot be written explicitly
(renormalized series expansion).

@ However it can by written in Taylor series in p1, po up to first order
(in contrast to I1%)

@ The coefficients are fixed using the WI > a,,(pl)Hm p(p1,p2) =0
and the WI for I, so that RW,,U(O, 0) =0 and
87%/ v,0 ~
Opaes = — g Cvpuo (& YY)

@ Using such values and the WI for I we get the main result. u

@ Note the resummation; from the naive perturbation expansion one
extracts (in the renormalizaed one) a class of dominant terms
renormalizing the triangle, up to more regular ones
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RENORMALIZABILITY

@ The boson propagator is composed by two terms; one is O(1/k?) for
k% >> M? and the other is O(1) for k> >> M?. If the second term
does not contribute D = 4 — 3n¥/2 — n“ (renormalizable) so in
principle one can get |A\?log a| < £ (if contribute
D =4+ 2n — 3n¥/2 non renormalizable).
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@ The boson propagator is composed by two terms; one is O(1/k?) for
k% >> M? and the other is O(1) for k> >> M?. If the second term
does not contribute D = 4 — 3n¥/2 — n“ (renormalizable) so in
principle one can get |A\?log a| < £ (if contribute
D =4+ 2n — 3n¥/2 non renormalizable).

@ Assume that » = 0; new WI implying conservation of axial part of
current
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RENORMALIZABILITY

@ The boson propagator is composed by two terms; one is O(1/k?) for
k% >> M? and the other is O(1) for k> >> M?. If the second term
does not contribute D = 4 — 3n¥/2 — n“ (renormalizable) so in
principle one can get |A\?log a| < £ (if contribute
D =4+ 2n — 3n¥/2 non renormalizable).

@ Assume that » = 0; new WI implying conservation of axial part of
current

@ Averages of invariant observables are £ independent hence only first
part contribute

d¢ [ P(dB) [ d0 = 423, 0cip(p) [ P(dB)ByyBy —p [ O =0
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RENORMALIZABILITY

@ The boson propagator is composed by two terms; one is O(1/k?) for
k% >> M? and the other is O(1) for k> >> M?. If the second term
does not contribute D = 4 — 3n¥/2 — n“ (renormalizable) so in
principle one can get |A\?log a| < £ (if contribute
D =4+ 2n — 3n¥/2 non renormalizable).

@ Assume that » = 0; new WI implying conservation of axial part of
current

@ Averages of invariant observables are £ independent hence only first
part contribute o
O [ P(AB) [ dv0 = 1532, 0ci(p) | P(AB)BuyByy [ di0 =0

@ With r # 0 one needs the anomaly cancellation to reach exponential
cut-off; the result is a necessary prerequiste as it holds at lower scales.
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RENORMALIZABILITY

@ The boson propagator is composed by two terms; one is O(1/k?) for
k% >> M? and the other is O(1) for k> >> M?. If the second term
does not contribute D = 4 — 3n¥/2 — n“ (renormalizable) so in
principle one can get |A\?log a| < £ (if contribute
D =4+ 2n — 3n¥/2 non renormalizable).

@ Assume that » = 0; new WI implying conservation of axial part of
current

@ Averages of invariant observables are £ independent hence only first
part contribute o
O [ P(AB) [ dv0 = 1532, 0ci(p) | P(AB)BuyByy [ di0 =0

@ With r # 0 one needs the anomaly cancellation to reach exponential
cut-off; the result is a necessary prerequiste as it holds at lower scales.

@ Note that M breaks gauge invariance in the B but for
renormalizability one needs invariance in the external fields or WI (see
massive QED, e.g. Okun book)
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CONCLUSIONS

@ The cancellation of the VAA anomaly with the same conditions as in
the continuum (charge quantization, neutrality of atom...) is proved
at a non-perturbative level and finite lattice
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CONCLUSIONS

@ The cancellation of the VAA anomaly with the same conditions as in
the continuum (charge quantization, neutrality of atom...) is proved
at a non-perturbative level and finite lattice

@ Cut-off 1/a < M (regime where cancellation not necessary for
construction); prerequisite for higher values (greater than mass M).
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CONCLUSIONS

@ The cancellation of the VAA anomaly with the same conditions as in
the continuum (charge quantization, neutrality of atom...) is proved
at a non-perturbative level and finite lattice

@ Cut-off 1/a < M (regime where cancellation not necessary for
construction); prerequisite for higher values (greater than mass M).

@ One needs surely mulltiscale decomposition for B, and...
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CONCLUSIONS

@ The cancellation of the VAA anomaly with the same conditions as in
the continuum (charge quantization, neutrality of atom...) is proved
at a non-perturbative level and finite lattice

@ Cut-off 1/a < M (regime where cancellation not necessary for
construction); prerequisite for higher values (greater than mass M).

@ One needs surely mulltiscale decomposition for B, and...

@ SU(2) (even in the low energy regime); mass of fermions requires
Higgs; infrared problem for A, needs aymptotic freedom; and so on....
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