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The model

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

e We are testing this conjecture in the "simplest" appropriate d = 4 "toy model"
EtOY(QﬂA7¢) = ZF/LI/FILV+§TI‘|:8#¢ auq)] + 7TI’|:¢ ¢] + T(TI‘[(D (D})

_ o b2 e
+Qv. D, QL+ QrYuDy Qr + ?/)(QLDMQYDH Qr + h.c.)
+n (aL‘DQR + h.c.)7 ® = ol + iTipi

e "Wilson-like" o< p (naively irrelevant)

e UV cutoff ~ b1

e Fermionic chiral transformations ¥ are not a symmetry if (p,7) # (0,0)
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The model

1 a ra 1 t :u(% i Ao 1 2
Lioy(Q. A, @) = 2 F2Fl,+ 5 Tr[0,010,0] + 2 Tr[0T0] 4 2 (Tr[070])

4 mvoHY D

— _ 2.
+Q7.DuQu+ QrvuDy Qr + 7/’(QLD/L¢D;LQR +h.c.)
+n (6L¢QR + h.c.), & = [ — iT2p%]

in suitable
UV-regul.

Symmetries & power counting ( ) — Renormalizability

e Invariant under x (global) SU(2);xSU(2)r transformations

exir: Xt®(®—QP) andfor [r® (P — CDQI?)

e { Qur = QL rQLR Qur€SUQ2)LrR
PR Qur — QL,RQLR

e Not invariant under purely fermionic transformations

e  invariance forbids %GQ terms and softens power like U.V. divergences



e Purely fermionic ¥ tranformations yield bare Schwinger Dyson Eq.s (SDEs)
9 (" (x) 0(0)) = (ALO(0))5(x) — 1 (Oy;(x) O(0)) — b*(Oy;(x) O(0))

o i B2 . i
It = QL’YH%QL - 2 (@5 0Dk~ Qe D, T Q1)
obi = [QL Qg —h. c] oL = g[@%H%wH Qr — h.c.]

e Mixing of O/ under renormalization
b2 Oyl = (Zs, — 1)0udy" —11(n; g2, p, Xo) OF) + ... + O(b?)
e Renormalized SDEs read
Zy10u (4" (x) 0(0)) = (ALO(0))3(x) — (1 — 11(1)) (Oys (x) O(0) + ... + O(b?)

where the ellipses (...) stand for possible NP mixing contributions
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e At the critical 1.,(g2, p, \o) s.t. er = 1(1er; €2, p, Mo) the SDEs become WTls
Z,70,(J5 (x) 0(0)),, = (ALO(0)),,.8(x) + ... + O(b%)
e In Wigner phase ((®) = 0) the Wilson-like term is uneffective for {>°8
Z,50, (3" (x) O(0)) ., = (ALO(0)),.,6(x) + O(b?)
e In Nambu-Goldstone ((®) = vIl4») expect (conjecture)

2,500t JE () O(0)) 1= (B1O(0)).1,5(x) + (GA[Q S UGk + he]O(0)) +O(8)

e The term oc Ci/\s can exist only in the NG phase where

e (v+o+iTP) iﬁ
CVoie v+l + 83 R

B o Natural mass
In TN NP term CiA[QUQR +hc] D GA;QQr{ # Yukawa term
C1 = O(a?) — Hierarchy

5/27



uou@»uul

e Intuitive idea of the NP mass generation mechanism
O(b?) NP corrections to ({-preserving) effective
vertices combined in loop "diagrams" with O(b?)
(X-breaking) vertices from the Wilson-like term

e b~* loop divergency = O(b°)CiAs mass term
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e Intuitive idea of the NP mass generation mechanism
O(b?) NP corrections to ({-preserving) effective
vertices combined in loop "diagrams" with O(b?)
(X-breaking) vertices from the Wilson-like term

o b=* loop divergency == O(b°)C1/As mass term

e Phenomenon occurring even in the quenched fermion approximation
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Choose a cheap lattice regularization of [ d*xL;,

e First NP study of a theory with gauge, V= <Z) & (¢o,P)

e "Naive" fermions (good for quenched approximation only)
Spe = b*Y, {ckm [U] + L32(®) + V() + 3, Vg Die U, <1>]wg}
LIMIU] : SU(3) plaquette action
LEE(®) + V(D) = L tr [07(=070,)0] + 18 tr [010] + 22 (tr [010])?
where ® = @oll + i/ and F(x) = [pol + ivsmpj](x)
(Diat[U, D]W)(x) = 7.V, W(x) + nF (x)W(x) = b*p3 F(x)V,u V. W(x) +
892 [0 ) Un ()T, W (x4 ) + (0 )G ULGx — T, (x — )]
e Yukawa (d = 4) term «x n , Wilson-like (d = 6) term o p

e Unquenched studies will require overlap, DW or staggered fermions
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Lattice action

Wilson-like term does not remove the doublers because it involves the
scalar field ® and it has dimension 6

In S;54+ there are only symmetric derivatives ﬁu = atn =1
X gets simultaneously restored for all doublers up to cutoff effects

Quenched (U, ®) = exceptional configurations: at large |n| and |p|

enhanced by & fluctuations
toy+tm

Add twisted mass term: S/ = Spat + ipb* Y, VsV
control over exceptional confs. at the price of harmless breaking of x; r
(and X ,r when restored)



Lattice action

e Quenched lattice study: independent M.C. update of U and ¢
= / DODUDWDV VI3 det (Dyrefth,9]) = Z[]Z[U]

e Action parameter renormalization can be carried out separately for gauge and
scalars:

e In the fermionic sector effective Yukawa coupling vanishes at n = 7.,
e Gauge coupling renormalized keeping ry ~ 0.5fm fixed
M. Guagnelli, R. Sommer and H. Wittig (1998) S. Necco, R. Sommer (2001)
e Scalars parameters g, Ag fixed by the renormalization condition
m2
m2rg =1.285 AR = 2—‘; = 0.4408
VR

e Wilson-like coupling p: free parameter as long as we are only interested to see
if the mechanism exists, relevant for the magnitude of the NP mass (if any)
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Ner in Wigner phase

e Determine 7., in the Wigner phase from the renormalized SDE

Zy500(J5 *(x)D*3(0)) = (n — ){D>*(x)D>(0)) + O(b?)
B30 = 5200 + 530,

JER3(x) = % [QL/R(X - (A))'yo%Uo(X —0)Qu/r(x) + Qu/r(x )’YOE §(x = 0)Qur(x —

3 3
D200 = Gulx) [, 7| Qe — Get) | 507 | @ut
e We look for the value of n where ryy =0

0o(Jy *()DS2(0)) 4,
rwr = ?DS()=3(X)DS*3(O)> = Zaj (77 - 77) + O(b2)

e 30 ~ 40gauges x 8scalars for each set of the parameters
b(fm) | 8 Ao (m3 — m2,)b? b?m3
0.152 | 5.75 | 0.5807 0. 1119(12) -0.4150
0.123 | 5.85 | 0.5917 | 0.0742(11) | -0.461538
0.102 | 5.95 | 0.6022 | 0.0504(10) -0.4956

e For each set 3 values of the twisted mass u to extrapolate ry; for p — 0

2l
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e result for the 3 lattice spacing for n¢, from ry(ne) =0

2.0e-02 +

0.0e+00

~

Z 20002 |

-4.0e-02

-6.0e-02

2.0e-02

0.0e+00

B=5.75
\\ Ner = —1.275(4)
14 13 12 L1 -10
"
B =595
V: Z1150(3)
13 12 11 1.0
U

Wi

8=585

2.0e-02 \ 7er = —1.207(3)
0.0e+00

-2.0e-02

-4.0e-02

-6.0e-02 L . . :
-1.3 -1.2 -1.1 -1.0

n

b(fm)| B Ner
0.152 | 5.75 | -1.275(4)
0.123 | 5.85 | -1.207(3)
0.102 | 5.95 | -1.150(3)
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o Twisted mass term S, "™ = Sp,, + iub* 3" W53V

e Extrapolation to ;2> — 0 in the Wigner phase
e eg at §=5.85

0.0e+00

n=-1137 —a
o | n=-1008 — =
10e-02 7= -1.020 —e—

D002 T Y
= e & =8|
E o 3.0e02 [ ]

-4.00-02 |

ry Ty —0— L 4

-5.00-02 |

0.0e400 50004  1.0e-03  1.5¢-03
(apq)?
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e In the Nambu-Goldstone phase of the theory (®) = v at n = 7. to
check if a non zero quark mass is generated

e At 7 = ¢ a renormalized measure of the NP X breaking is given by

n _ Q 8o(0]J" (x)P1(0)|0)
AW =z, "2(0]PT(x)P(0)|0)

X Cl,ren/\s

o +
= Q'y,/ys Q(X) = QL%QR — h.c
point split
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N=ne=1.275, B="575

mawr

mawr
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| ® Parity implies maw; (12)

e Different fit antsaz: linear,
parabolic, cubic in x = p?

o B=5.75: rgmay = 0.032(3)
o 3=585: rgmaw = 0.030(3)

e Systematic error fit antsaz:
ASys

e Statistical error: Aspat

e Error on 7, d’;’—;‘]‘”’An

e Total error
VA% O+ (T )2

Sys

e Finer lattice spacing § = 5.95 in
progress
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e Renormalized quantity

en _ Za 30(0] 4" (x)P*(0)[0)
A= 75 2(0] P(x) P1(0)[0)

X Cl,ren/\s

e The x; ® xg symmetry implies that Z4 = Zy
Zu(JY(x)P*(0)) = 2u(P*(x)P*(0))

o Take value at u = 0 with a linear fit
e 3=5.75 7, = 0.957(1)
e 3 =5.85, Zy =0.959(1)
- rOG PS — =1 <O|P1|P5meson>

n—0

e Alias of Z51 Wigner

P,alias

o 3=5.75, rgG¥. = 23.6(6)
e 3 =585, rgGpt = 25.6(8)
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e Renormalized quantity looking flat towards the continuum limit
o ﬂ =b5.75: I‘omAW[Zv(rg Gps) = 072(9)
L4 ﬂ = 5.85: romAW/ZV(rg Gps) = 0.73(10)

1 1.2
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e finer lattice spacing in progress
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e An other evidence of the NP mass generation is a non zero pseudoscalar
meson Mpg

e Mps dependency on p [ here m = Zy may (. = 0)]

MEs(i) = 2BV 5 + A2 4 ) + O (4 + m)2)

Ne = —1.275 =575 Ner = —1.207 =585
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0.05 Mg =a+bp? +cp' s \[Mpg(0)=0.0829 ——— 1 0.05 Mps=a+bp® +ep' s \/Mpg(0)=0.0607 ———
Mpg=2B\iZ+mZ + A(m? + %) : m = —0.0073, M34(0)=0.0791 —— Mpg =2B\iZ+mZ + A(m? + %) : m = —0.0059, M34(0)=0.0582 ——
0 0.0002 0.0004 0.0006 0.0008 0.001 0 0.0002 0.0004 0.0006 0.0008 0.001
2 2
W W
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NG phase

Finer lattice spacing 5 = 5.95 in progress

e Systematic error fit antsaz: Asgys
e Statistical error: Agpat

e Error on 1,:

dMps
dn A?]

Total error \/Asys + A%, + (dMPS An)?

b(fm) | 5 rs Ms
0.152 | 5.75 0.90(8)
0.123 | 5.85 1.01(8)
0.102 | 5.95 | in progress

in QCD 1/rp ~ 400 MeV

Mps is not going to zero in the continuum limit

Finer lattice spacing to confirm the results
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Conclusion

Conclusion

We check that for in the Wigner phase there is a value of the Yukawa
coupling n¢ where the fermionic ¥; ® ¥ are restored and are not
spontaneously broken

At 7¢, in the Nambu-Goldston phase mizit, # 0 and Mps # 0 in the
continuum limit

Outlook

Finer lattice spacing in progress

Reduce the errors in may; and Mps

Thank you for your attention
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Conclusion

e Using staggered formalism to analyze naive valence fermions

e W(x) contain 4 replicas B =1, .

V(x) = Aex(x), Ax= yfwgwgzy;a Spin diagonalization of Sj,;: in xZ basis
e y(x)c ntaln 4 tastes a=1,.

aha(y) =52 U2y, 2y + f)[rg]a o(1=b3, & Vu)x" 2y +¢),

qga( ) taste basis, x, =2y, +&,, &, =0,1

e Flavour content: (4 replicas:B) x (4 tastes:a)x (2 isospin)Xx generations
16 doublers

e Following Kluberg-Stern et al. ('83),..., Sharpe et al. ('93), Luo ('96) and
adding scalars we get the small b expansion of S/ on smooth U,®
configuration

Shi = Z g {Z Y ® L) Dy + (1 — ﬁ)F(y)} a®(y) + O(b°)

m

F(y) = po(2y)(L @ 1) + SBit'pi(2y) (75 @ ts5), S* = £1, taste matrices t, = oM
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Conclusion

e Quark bilinear in W basis that have the classical continuum limit in g® basis

e Point split vector current

300 = Ve — i 5 Unx = M)+ B(x) 5 UL — )W~ )

ZJM (2y +¢) :Z B 'Yu®]l) B(Y)+O(b2)

€ B=1

e Point split axial current
i i

T () = W(x — s 7 U (x = V() + W(x) 35 5

5 Ul(x = mV(x - )

4 i

Z] 2y +¢) IZ ’Y;ﬁs®f5)2q Bly)+ O(b)

€ B=1

e Correlators with generation off-diagonal operator = no disconnected diagrams

eg. (Ve()MUs()Wh()IVe(y)) €= (u,d) h=(c,s)
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Conclusion

Loop effects do not generate d < 4 operator besides  F,,, F., 8N<DT8H¢
Pl @ 1)VeB, ot (oT0) 7g°(y)FB(y)q®(y)  (allin St

Argument: In Sy, there are only ﬁu acting on fermions —
Spectrum Doubling Symmetry :

Ve ®THMuU U — \Ill\/IJr et ™ H={uy,..., up} ordered,
16 vectors my(mpH,, = if p € H) W|th My = (ivsy1)---(iv5 V)

It is a symmetry of S, thus also of the 'y, [U, ®, V]. So the latter can only
have terms with symmetric covariant derivatives 6u acting on V.

Close to the continuum limit among the local terms of I';,; only those with no
or one V, fermionic derivative are relevant

At 7 =1 X gets simultaneously restored for all tastes up to cutoff effects
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