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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"

1 1 : A
Lioy(Q.A, @) = 2 F2, F,+5Tr[0,010,0] + DT [0l0] + 22 (Tr[0'0])’

_ o b2 e
+QL7MDN QL+ QR’Y}LIDM Qr + 7/)(QLDM¢Dlt Qr + h.C.)
+n (5L¢QR + h.c.)7 ® = ol + iTip;

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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apa 1 t Koy Tt ] 4 A0 tp])?
Lioy(Q, A ®) = ZFMVFuv+ Tr[@uq) 8M¢] + 7'1‘1“[4) CD] + T(Tr[d) CDD

— — [
+QL’Y,LL,D;L QL+ QR"Y;LD;L QR + 7/)(QLD/L¢DILL QR + hC)
+1 (QLPQr + h.c.), ® =[] — iT?p*]

in suitable
UV-regul.

Symmetries & power counting ( ) — Renormalizability
e Invariant under x (global) SU(2); xSU(2)r transformations

exir: Xt®(P—Q®P) andfor Xr® (P — d)QI?)

iR { Qur = QUrQr  Qur€SUQ2)LR
Lr Qur— QL,RQLR

e Not invariant under purely fermionic transformations

e  invariance forbids %GQ terms and softens power like U.V. divergences
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e Purely fermionic ¥ tranformations yield bare Schwinger Dyson Eq.s (SDEs)
8, (T () O(0)) = (R} O(0))6(x) — 1 (0L, (x) O(0)) — b*(0l51(x) D))
e 5m§@ - (@ L op.0r - 0D, T a)

o= (@5 Qg — h. <] o= g[@&%icbpu Qs —hec]

e Mixing of Oé"/,’:, under renormalization
b? Oy = (Zgy — 1)y’ = 0(n; &2, p, M0) Oy + ... + O(b?)

e Renormalized SDEs read

Z530(4"(x) 0(0)) = (A;0(0))8(x) — (11 — (1) (Oy;ic(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; 82, p, Mo) the SDEs become WTls
Zp 10 (5 (x) 0(0)), = (ALO(0))y, 6(x) + ...+ O(b)
e In Wigner phase ((®) = 0) the Wilson-like term is uneffective for {>°5
Z530u(J" (x) O(0)) ., = (BLO(0)),.,8(x) + O(b%)
e In Nambu-Goldstone ((®) = vIlx») expect (conjecture)

Z550u(J" (x) 0(0)) e, = (BLO(0)) 1, 6(x) + <C1/\s[5L%iUQR +hc]O(0)) + O(b?)

e The term oc C;/A\s can exist only in the NG phase where

e (erorJri?E> ]l—l—i??
_\/¢T¢_\/v+a +¢9 v

- B Natural mass
In Fﬁf NP term GA[QUQr + hc] D GiA;QQr { # Yukawa term
C1 = O(a?) — Hierarchy

+ ..
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o Intuitive idea of the NP mass generation mechanism !

O(b?) NP corrections to ({-preserving) effective -
vertices combined in loop "diagrams" with O(b?) . o
({-breaking) vertices from the Wilson-like term E

£

| N

e b~* loop divergency == O(b°)C;/As mass term
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o 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

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)
Sit = b* S, { LWIU] + LE2(0) + V() + X2, W Die[U, 0], }
LIMIU] - SU(3) plaquette action

LEE(®) + V() = Ltr [0 (—0;0,)0] + 18 tr [010] + 22 (tr [010])?
(x)

(Diae[U, D]W)(x) = 7.V, W(x) + nF (x)W(x) — b*p F(x)V,.V,

— b%p; {(OMF)( YUu()V,uW(x + 1) + (9 F)(x) Ui (x = 1)V

where ® = @oll 4 i;7/ and F(x) = [poll + ivs7 )]
N(x) +
V(x — /4)}
e Yukawa (d = 4) term x n , Wilson-like (d = 6) term  p

e Unquenched studies will require overlap, DW or staggered fermions

e Extension to two generations of fermions WyD,: W, + WDy Wy, in order to
have valence correlators involving no fermionic disconnected diagrams
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e Using staggered formalism to analyze naive valence fermions
e W(x) contain 4 replicas B =1, .
V(x) = Aex(x), Ax= y;w;w;w;a Spin diagonalization of Sj,;: in X basis

o x(x) contain 4 tastes a=1,.

qg (v)= 8 Zg (2Ya2}/+§)[r§]a a(l— bzu fueu)XB(zerg)a

qfa(y) 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

Skt = Z {Z Vo @ L)Dy + (n — ﬁ)F(y)} a°(y) + O(b?)

m

F(y) = po(2y)(L @ 1) + SBir'pi(2y) (75 @ ts5), S* = £1, taste matrices t, = oM
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e Quark bilinear in W basis that have the classical continuum limit in g& basis

e Point split vector current

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

STV ey )= g5( w®l) B(y)+0(b2)

¢ B=1

e Point split axial current

i i

T2 00 = Wl = icrs o Unx = W) + V() T Ul = AW (x = )

4 i

> Iy +8) =Y 700 @ t5) 505 (y) + O(?)

€ B=1

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

eg. (V)M Ve(y)) €= (u,d) h=(c,s)
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Loop effects do not generate d < 4 operator besides  F,,, F., 8M¢T8H¢
Pl @1)VeB, ofo, (o10)? 7g°(y)FE(y)q®(y)  (allin Sut)

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

Ve XMW U — \Ill\/IJr et ™ H={puy,...,up} ordered,
16 vectors my(mp,, = 7 if p € H) W|th Mu = (ivsy1)---(iv5Yps)

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 p =1 X gets simultaneously restored for all tastes up to cutoff effects
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e Quenched (U,®) = exceptional configurations: at large || and |p|
enhanced by @ fluctuations

e Add twisted mass term: S/ = Sy, + iub* > UrsraW

lat
control over exceptional confs. at the price of harmless breaking of x; g

(and Xr,r when restored)

e A convenient (generation off diagonal) axial Y SDE

ZAaJ =2(n — ne)DPE + Spnn CLAPE

JN;‘ = w’YuVS \I"(X)

point split

APE Y Ti + _w =
D —‘UL ¢,7 WR—h.C. P —\VL Z/[,7 \UR—h.C.

e ... at 7 =1 in NG phase takes the form of a ¥ WTI with NP breaking

Za(018, T [ Mpss) = CIAL{0[P* | Mps)
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~E
Za(010, 07" |Mps+) = CiA(O|P*|Mps.)

oPi:WL{u,% \IIR—hc_\IJL{]l+1 ¥ ,%}\UR—hc—Pi

e Y invariance = P¥ renormalizes as P* = U7V

e At 1 = 1. a renormalized measure of the NP X breaking is given by

24 <0|8 J |MP5i> C
WTI _ 1
m SAV TR R G enN(1 Ciren = ——
ren ZP <0|Pi‘Mp5:|:> 1re S( ) 1re Zp

13/16
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® Generation off diagonal operators ~ P;7,(x) = Wy(x)ys7=We(x)
~AE — N i A b o IS A
Ju"" (%) = We(x = 0)7uvs 5 Un(x = Q)Wi(x) + Ve(x)7u75 5 Ul (x = 2)Wh(x — A1)
T . . . AAgzh +
= multiplicative renormalization of J,"" and P,
e at 1) = 1. Za does not have anomalous dimension u%—%‘ = 0(b?)

e Suitable renormalization scheme to compute the ratio Zs/Zp

SR O)PE (0. 7)) Z
Zy<P1?I,Eh(O)Phi,e(YOa y))Zp

e Renormalization scale = y% e.g. Yo = 2rp = 1fm (if scale taken from QCD)

= treelevel at 1 =1

e Error on Zs/Zp is ~ 3% with small statistics (30 gauges x 8 scalars)
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e Quenched lattice study: independent M.C. update of U and ¢
Z= / DODUDWDV VIS det (Dyrrfth,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 7 = 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
2
m2ré = const. AR = m—‘; = const.
2vg

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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e For numerical result on the model see talk P. Dimopoulos: “Testing a
non-perturbative mechanism for elementary fermion mass generation:
numerical result"

Thank you for your attention
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