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The model

m In [Frezzotti and Rossi Phys. Rev. D92 (2015) 054505]
a new non-perturbative mechanism for the elementary particle
mass generation was conjectured

m We are testing this conjecture in a toy model where a fermion
doublet @ is coupled to a non-Abelian SU(3) gauge field and a
scalar ®
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The model
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Symmetries & power countin in suitable
Y p & UV-regul.
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The model

e Lagrangian not invariant under purely fermionic transformations
XL:Qr—QQr  Qp— Q. QLeSU©2)

e They yield the bare WTIs
Ou(Ji " () O(0)) = (ALO(0))6(z) — 1 (Oy ;1. () O(0)) — b*(Ogyryy () O(0))
St = @L%%ZQL - Ep(aL%ZCI)DMQR _@R%MQ)T%IQl)
oL = [QL . 508 — hc] oL, = [QL(E T D, Qr — hc]
e Mixing of OWZI under renormalization
VOws = (Zy — 10" = 71593, p, M) O'ny + - + O(b%)
e Renormalized WTIs read
0u(Z 57, () 0(0) = (AL O(0))5(2) — (1 — (1)) (O3 (x) O(0)) +...+O(b?)

where the ellipses (...) stand for possible NP mixing contributions
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The model

e At the critical 17.,.(92, p, o) 8. Ner — T(Ner; 92, 0y o) = 0
the WTIs become

0u( 25, (2) O(0)) 5, = (ALO(0)) ., 8(2) + ...+ O(B7)
mIn Wigner phase (((I>> = O)—>Wilson—like term uneffective for Y58
0270, (@) O(0))., = (ALO(O))s., 6(x) + O(?)
mIn Nambu-Goldstone ((®) = vllax2) expect (conjecture)

250" (@) O(0))., = (ALO(0)) ., 6(x) + (C1A[QL FUQR + B O(0)) + O(F)
The term oc C1 A4 can exist only in the NG phase where
U=B/VOID=(+0+i7T)/\/(0+0)2+T7

o Natural
In F{XCG a mass term C1As[Q UQR + he] ¢ # Yukawa mass
C; = O(a?) Hierarchy
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The model

onu@nnu

e Intuitive idea of the NP mass generation mechanism
O(b?) NP corrections to (Y-preserving) effective vertices :

combined in loop "diagrams" with O(b?) (x-breaking) i O
vertices from the Wilson-like term
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The model

e Intuitive idea of the NP mass generation mechanism
O(b?) NP corrections to (Y-preserving) effective vertices

combined in loop "diagrams" with O(b?) (x-breaking) i O
vertices from the Wilson-like term

e b4 loop divergency = O(b°)C1 A4 mass term
e Phenomenon still occurring in quenched approximation




Lattice action

Chose a cheap lattice regularization of f d4m£my

m First NP study of a theory with gauge, ¥ = (Z) & (o, @)
m "Naive" fermions (good for quenched approximation only)

S = 0 T, { LEN U]+ L355(®) + V(@) + WDt [U, 9]0 }

LiMU] - SU(3) plaquette action

L (®) + V(@) = Jtr [01(=070,)0] + 4 tr [070] + 2 (1 [07a])’
where ® = o1l +ip;77 F(z) = [gpoll + iys5T gpj](x)

(DiatU, @19)(2) = 7, Vi ¥ (@) + nF () ¥(2) — b p F(2) V.V, 0 () +
= 003 [(0uF) (@) Un(@) V0¥ (@ + 1) + (c’JZF)(ar)l»L(m ~ )V, 1))
e Yukawa (d = 4) term 7 , Wilson-like (d = 6) term o p

e Unquenched studies will require DW or Overlap fermions

m for elem



Lattice action

U
d

o x1 ® xr classical symmetry in ¥ basis: Uy p = %(1 £ )W
XLI\I/L—>QL\I’L EL %@LQTL d— QP QLGSU(Q)

Quenched model with 2 flavours ( ) x 16 doublers

XL,R

XR:\I]R%QR\IIR WR%@RQ}% (I)—)@QE% QRESU(Q)
® X1 ® Xg classical symmetry at 7 = 0, any p, all doublers
(at classical level the Wilson-like term irrelevant)
o Doubling symmetry group, D¢, £ = (&1,&2,&3,€4),6 = 0,1
De 1 W(z) = (—1)" MW (x) U(z) — T(z) M (-1)>¢
o = @0, i) = (1) i) Mg = (in571)" - (17574) %
e Doublers at p, = &,
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Lattice action

e Only symmetric derivatives V on fermions in the lattice action

= Doubling Symmetry

= Power counting arguments work (even in the presence of
doublers)

e Remark: this would not be the case if there were
forward /backward V/V* lattice derivatives acting on fermions
= no Doubling Symmetry
e The renormalization of the toy model on the lattice is
analogous to the one of the continuum model
[Frezzotti and Rossi, Phys. Rev. D92 (2015) 054505],
as it is based on power counting and symmetries
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Lattice action

e Symmetries of the lattice toy model
m SU(3) Gauge
m x; ® xr (previously defined)
w P, T,C, CPF,

®(z) = @l (zp), xp= (-7, 14)

P:g V(@)= yu¥(zp), ¥(z) = Y(zp)u
Us(x) = Us(xp), Ur(x) = Ul(z, — k)
d(x) — @T(rl B

C: U(x) = 717297 (x), U(z) =~V (2)inar
Un(@) - U3 (x)

(I)(I‘) — (I)T('rT) ) J/;T = (57 —174)
T V() = v (2), U(z) = OT(2)urs

m@%mmwé,mm%mmq
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Lattice action

The only d = 4 allowed operator, besides kinetic terms for gauge,
fermions and scalars and scalar potential, is the Yukawa term
nYUoOw

77(7707‘; 937 P >\O) = Ner = 0 defines Ner

unique ¢y

Ner independent of scalar renormalized mass p? (up to cutoff
effects) = the same for Wigner and NG phase




Lattice correlators

e In view of the uniqueness of 7., consider the correlators
Ol (2)0'(2)) = ((Byuy + Biyi) @)0'(2)) @ # =

Li pLi e . -
By .y By, variation of Yukawa- and Wilson-terms under xr,

e Look for the value of 1 (= 1¢-(g2, p, A\o)) where

<8Mj£7(x)(97(z)) =0 in Wigner phase 2 > 0

Ner

e At this n = n.-(g2, p, \o) We want to check whether in NG phase
(Ou T (2)0'(2))]
(By i (2)0'(2)

A
B~ O(CL22)A 0 2 <0
v

"]C’V‘

A2 < 2N << b2

in view of the conjecture
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Lattice correlators

e In practice consider ratio

>z 0u (T (&, o) Byt (2, 20))
= i = i > To # 20
> #(By k(T 20) By, (2, 20))

A few technical remarks

RL(I’())

e Quenching = @ fields can be generated separately from
gauge configs

e Beware of spurious zero modes of D, (exceptional confs.):
introduce an IR cutoff replacing WD;,; U — W(Djos +m)¥

. <8ﬂ(j{;1(r) + {ZIL“(I))BXL/;,C(,Z» and 7., remain unchanged up
to O(bm) when the IR cutoff is in place




Lattice correlators

e In the NG phase

m IR cutoff in D;,-inversion

L4 (7] - ncr)<cb> for n 7& Ner
o C1 A, (if any)

m Scalar expectation value always zero in finite volume

m need axial y-fixing (xr, X xgr X Z2 X Rs field rotations)

e Y\ X Xg rotation of each scalar configuration s.t.
1 10
7 2 ol@) o (0 1)

to get (®) > 0 if needed apply

b — -0

e/y X R _ _
2 5{ Vip——/+¥Yr Yor—+/—VYir
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Lattice correlators

Further technical/practical remarks

i (u
o
= Dirac matrix 2 x 2 times larger than in LQCD
Dyt not vs-Hermitian need Dljli and (D;mt)*1

& ® = @oll +it'¢; [isospin matrix] =

Extra computing time because action is 2"%-neighbour

We have just started a first exploration using
D .Diat — D}, Dis + M?>  (a®M? =5-107%)

lat lat
where we look for signal/noise ratio

Cppi(x,t) = <BYuk($,t)B;uk($o,to)>

By u(z,t) = @(x,t)%i@(w,t) (1 j;”"’> Uz, t) +
—@(x,t)cpf(x,t)g <1 _275) W(x, 1)
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ce correlators

After long work for developing & adapting codes
a first evaluation of correlators in progress. Where do we stand?

27 T T T T T T
165

245 ¥
4 | 405 o

~ where LQCD was 30 years ago .

e Evolution in time of Cpi in a log(—C'(t))
163 x 32 lattice

.77:027/):1 14

e Wigner phase p, > 0

0.025

e 16, 24, 40 uncorrelated scalar on

one gauge configurations oaz
e Smeared field ® to reduce Im(C)|™”
statistical errors Re(C) ‘

... but quick progress is expected o003 | |




Outlook

m More statistics and better understanding of the lattice model
features

m Determine 7., in Wigner phase

m Check whether a NP mass term is generated in NG phase

Explore 2-3 lattice spacings to estimate the NP mass value in the
b — 0 limit




Thank you for the attention




Outlook
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Power counting in presence of doublers:

m Wilson-like term built with %u only = DS
m Lattice effective action only with 6# to preserve DS
m d > 4 operator with VU irrelevant

FT. . ™
=" sin(bp,)¥(p) = 0 at|p,| = 3
b
ivﬂlll = sin(b%)\lf(p) = +1 at|p,| = %

bV, U

m not at the rigours of level of the power counting theorem
[J. Giedt, Nucl. Phys. B 728 (2007) 134] staggered fermions
[T. Reisz,” Commun. Math. Phys. 116 (1988) 81] Wilson
fermions
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