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Minimally doubled fermions are a class of lattice fermions, which preserve exact chi- 1200 §—@—0—0—@ @
ral symmetry and are strictly local, details that make them very suitable for lattice B B i Aol
simulations. Borici - Creutz fermions are one kind of minimally doubled fermions The results of how the countert-term 1s defined § 1000 -
that have certain properties adaptable for lattice studies and simulations. In this . . . 2 800 A Nucleon x1 direction
work we present some of the lattice simulations made by using this kind of fermions. and the light spectrum using both actions are : S R =
in light hadrons spectrum and spontaneous chiral symmetry breaking. We study resented in the ficures below g (0 X Nucleon in the diagonal
and analyze the properties which make them desirable and the problems they show P g ' E 400 -
in lattice simulations. kbl
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Minimally doubled fermions have been proposed as a strictly local discretization of the - see spaena
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QCD fermionic action, which preserves chiral symmetry at finite cut-off, while break the hyper-
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cubic symmetry. Being strictly local and chiral, they present the possibility of fast simulations. g, s ol : Flgtre ) fadion masses of te Ui '—-'“-’”:'I; fwo -'jzm cirections using the correcied ZL acton,
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Anyway the broken hyper-cubic symmetry has to be restore, possibly with a minimal numerical £ , £ o
cost. There are several types of MDF fermions, and each one of them breaks the hyper - cubic “l oz y 3
symmetry in a specific direction [8, 16]. One kind of minimally doubled fermions are Borigi - s . = In every case we have extrapolated the results in the continuum limit, and the taken resulis are
Creutz fermions, proposed by Creutz and Borici, in 2008 [1, 5]. The Dirac operator for these ' ) " s () R ' } " e ) presented in Tahle 1 (BC onginal action) and Table 2 (corrected BC actions)
fermions in the momentum space: fa) ey =01 ib) oy =0.2
The calculations show that there is no formabon of chiral The calculations show that there is no formation of chiral - - : . .
D — iv sinp + iv' cos —2ir Hadron Masses in the diagonal direction Masses in the x;
P Zp: ¥usP, ; ¥ utO5P, o—" O fc—" (MeV/c) direction(MeV/c)
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where y,=TIy, " T =Y ¥./2 has two poles: p, = (0,0,0,0) and p,= (W2, W2, w2, wW2). :
" Nucleon 849 805
These poles, that correspond to the two physical flavours, have a preferred direction in | 1 Delta baryon 1240 1187
the euclidean space - time, defined by the line that connect them, which correspond to the major _ -
hyper - cube diagonal. Eventually, the hyper - cubic symmetry is broken [8,16]. In our previous - I Table 1. Hadron masses calculated with the ariginal BC. action
a
publications we have shown the effects of this broken symmetry in the light hadrons spectrum 4 — v — — v —
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chiral condensate [12, 13, 15] and also have presented some preliminary results of the ' [ Rho meson 741 230
calculations of the charged pion mass, in two different lattice directions, using the same - - - - : - Nucleon 860 852
conditions in which we have restored the hyper - cubic symmetry [14]. We have found that there S T Delta baryon 1740 1936
a reduction of the difference of the masses calculated in different directions, which means that ich cx =035
. . . The calculatbons show thai there 15 a chance for the formas . . ,
partially the broken hyper cubic symmetry is corrected. Regardless of these results, we have to Gom of chiral condensate Table 2. Hadron masses calculated with the corrected BC action, where cais added

see if this effect is represented even in the other light mesons and baryons masses. Also, the total
computational cost (for defining the value of the counter-term in each case and for the Kigey L. Biiaction condmgsin for dillssnt valney. of the comtestenmg 0y, < {14 3dded In EC aciien. It com be

shown that § ez Valses of the . we don't have low-lyi odes comndensan " : .
calculation of the hadrons spectrum) has to be defined, in order to understand if this kind of e St o e varues of 8 conminmeme, e Con i low=ying modss condemdion Dlscus Slons and COHCIUSIOHS

fermions is suitable for the hadrons spectrum calculation. . il - il s e i e A . C o e .
Chiral symmetry and spontaneous chiral symmetry breaking are very imporant in QCD. Using min-

1] w1 imally doubled fermions (as chiral fermions) and Lanczos quadrature we can explore and under-
| | stand the dynamical mechanism of spontaneous chiral symmetry breaking in a very simple way. The
metodology we propose has a minimal numerical cost, because we utilise the optimal properties of
Krylov subspaces in approximating the distribution of the eigenvalues of the Dirac operator, not in
calculating every eigenvalue of the operator. One important thing of this work 1s the fact that the
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What we have done in this work, is to calculate the masses of the rho meson, nucleon

and delta baryon in two different directions: in the hypercube diagonal direction and in one edge E ] I v = 1 - e or om e o E N
of the hypercube x; with the original Borigi — Creutz action and then with the corrected Borigi — - B T . & 3 - B B N chiral condensate can be used as an order parameter for Borigi - Creutz and help us to find the proper
Creutz action, where is added one of the counter-terms, dimension-3 counter-term. Let’s a5 | _- _- - - - - _. _. - : — counterterms that restore partially the broken hypercubic symmetry. This work aims to the use of this
remember that because of the broken hyper - cubic symmetry, the counter - terms are necessary ERT L S mfmﬂdﬂmg}' for further detailed studies of mlﬂlmﬂl'}" doubled fermions.
for a renormalized theory. The allowed counter - terms for the BC action are dimension-4 n) £y =04 _ _ &) oy =106 _ _ .. i . . .

i _ ] . Can be easily shown that for this value the low-lying modes It can be seen that there is a value of effective condensate Borigi - Creutz fermions (minimally doubled fermions) are known to preserve chiral
counter-term Cy(go) T, Dy and dimension-3 counter-term icay(ge)FI'Y [16]. The coefficients of comdense, therefore there is a value of effective condensate different from zero

symmetry for a degenerate quark doublet and are strictly local. These fermions are ideal for
studying QCD with u and d quarks, can be helpful for N; = 2 lattice simulations, relatively

the dimension 3 and 4 counter-terms, ca and cs, respectively, have been evaluated in one-loop s sy o

lattice perturbation theory [16]. o2 Lamice 24° ¢ =
P i "y [16] i . i .. — — simpler and possibly faster than Ginsparg-Wilson fermions. The chiral condensate can be used
The first step was to write the proper hadrons operators using the point splitting method, | d e B e 1 hel o .

[6,11] as Wip) contains two degenerate flavors. Details are described in the reference [11,13]. ad | ds an order parameter tor ermions, and help us to tind the proper counter-term that restore

... . . . i artially the broken hyper-cubic symmetry. Tuning of counter-term coefficient c3 doesn’t seem
Sure, writing the operators using two flavours isn't very simple, and for complicated operators, P y ype ¥ try B !

this step will he challenging. Then we stdied the dependence of the dimension-3 counter-term difficult and expensive, because apparently it is almost independent from the lattice spacing and

coupling constant (further studies). Tuning c, will require more care and work so as to properly
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from the lattice spacing. The methodology of how the counter-term value is defined for each
lattice spacing, is presented in ref [12,15]. What was interesting was the fact that c; is almost
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o dent he latti ine. After thi " o v th ] £ o i on simulations. (further studies) Using BC fermions with the added counter-term ca, the
independent form the lattice spacing. After this, we have repeated exac e same procedure | ] . . N N
for Liz calculation of the Iightphadrsn masses, .;5 described 11; the referen:::res [13, ld]?hut now _ _ _ _ _ _ _ _ _ _ _ i;f:}:]:; ETEEE rt[il;:lal Ilg;;:;ai:mmizeshi:;la:d ;: 'ihfieuf: SIFE::[T dn::;eiz, > ;é
even for the modified Borigi — Creutz fermion action, where is added a counter-term cx = 0.4, i -  Eiparwakat A ' ; ok ) iptrwmhat & o) fermions, seem 11;?:. be ni the most suitable fermions fu!:I;pec[ruscupy ?;nfull JED e
that partially restore the hyper-cubic broken symmetry. ic) £y = 0.8 _ _ {d) o3 = | _ _
Borici — Creutz action in the second case (the corrected action) is: :i;::::r:::i Wopees 5. s 0 vt it E’L:[E:; s 5 . o ol et Kl References
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