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Overlap Fermions

» Some desirable features:
— No O(a) error.

— O(a?) errors are found to be small (spectrum study)
— The effective propagator : (1-iD)D(m)™ =(D,+ma)™

- D,.=D/(1-D/2)is chirally symmetric, i.e.,{ys, D.} = O.
— D, + m is like in the continuum formalism.
— Multi-mass algorithm (more than 20 masses
-10-15% overhead)
( x QCD collaboration)

— Renormalization is relatively simple (e.g. with chiral Ward
identity).

» Undesirable feature:
-- Cost
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Overlap fermionson 2+1+1 Flavors
HISQ Configurations

» Lattices used for this study :
(MILC and HPQCD)
323x96,a =0.09 fm, m;/m,=1/5 m,L=4.5m, = 314 MeV
483x 144 ,a = 0.06 fm, m;/m,=1/5 m L =4.51,m, = 315 MeV

» 1 HYP smearing on gauge fields
> Both point source and coulomb gauge fixed wall source are used
> No of eigenvectors projected : 350 (a = 0.09 fm)
and 75 (a = 0.06fm)
» Preliminary results on our ongoing study will be reported here
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Tuning of charm and strange masses

1
» Charm mass was tuned by :l-( m, +3m,,,)

mca = 0.55 (a = 0.09fm), Taking m. = 1.275 GeV (PDG)
= 0.336 (a = 0.06 fm) mca = 0.58 (a = 0.09fm),
= 0.388 (a = 0.06 fm)

» Strange mass was tuned by

setting pseudoscalar ss mass at 685 MeV Taking mg = 100 MeV

mga = 0.0456 (a = 0.09fm),

mga = 0.0495 (a = 0.09 fm) = 0.0304(a = 0.06 fm)

= 0.030 (a = 0.06fm)
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Effective mass (MeV)
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Pseudo-scalar eff. masses

3500

3000

2500

2000 r

1500

1000

500

stranée —o—i
0000000000000000000000000000006835)
° ":,..ocoo.ooooocoooooooooooocooooooo

00000000000000000000000000000000000

0 Le00000000000000000000000000000000000000¢ -

00 e 0000000000000000000000
8300

‘.Q..OC.OOOOOOO"COQQ.OO...COQ
]

‘“.OO.'OOOOOOQQCCC.0.0COOQOCCO...QCQQOOOOC‘

.f,u i

tzme

QQQ...COOO'OOQO‘QCOQOO‘0.0.0“..QQCCQ..Qi




Dispersion relation (at charm mass)
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What about mixed action effect?? Need to check



Pseudoscalar mass (323 x 96, a= 0.09fm )
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Pseudoscalar mass (323 x 96, a= 0.09fm )

0 0.1 0.2 0.3 0.4
ma

Lattice’12, Cairns

0.5

0.6

0.7

(mna)2 GeV?

08

0.7 r

06

05

04 r

03r

02r

01r




Psedosclar chiral log (323 x 96, a= 0.09fm )
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Effective mass for HFS (323 x 96, a= 0.09fm )
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Charmonium mass splittings
(a= 0.09fm and 0.06 fm )

600 -
hc_nc °
—_ Xe1=Ne @
500 .
% D,—n/2¢ H *
E Xco—MNe ® é
~ 400 - % §
o0
£ o
E 300 -
Q.
N
A 200 -
S
oo TE Mo ° .
0 | | | | | |
-0.02 0 0.02 0.04 0.06 0.08 0.1

Lattice Spacing (fermi)

Lattice’12, Cairns



Charm and strange hadron mass splittings
(a= 0.09fm and 0.06 fm )
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Decay constants
<O| E(O)ﬁ',{tﬁ'SQ(O) |Dq (p)> — fqu,u-

(0]¢(0)v,.q(0)| D (p.N)) = fD;'n'z..D;ef:

Both i) point-point propagators
and ii) wall-point with wall-wall propagators were utilized

ZA D*s _ r 115
ZV Ds V ona = 0.09 fm

Mixed action effect will be smaller for this ratio
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Heavy baryons (Singly charmed)
(323 x 96, a = 0.09fm )
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Heavy baryons (Doubly charmed)
(323 x 96, a = 0.09fm )
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Summary and outlook

v Overlap valence on 2+1+1 flavor HISQ configurations is a promising
approach to do lattice QCD simulation with light, strange and charm quark
together in same lattice formulation.

4 Preliminary results are encouraging, particularly, the hyperfine splitting for
charmonium. We are studying meson and baryon spectra in details and
will be able to predict unknown doubly and triply charmed baryon masses
after continuum extrapolation.

v’ We are also studying heavy-light decay constants. Necessary
renormalization constants will also be calculated in future.

v However, we found that the dispersion relation with overlap fermions, at
charm mass, is not better than that of clover fermions found in literature.

v’ We also need to calculate the mixing parameter for this mix action
approach.
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Mixed action effects

%+ Mixed action

% For chirally symmetric valence, it is like partial
quenching with one extra parameter in valence-sea

mass (Chen, O’Connell, Walker-Loud, hep-lat/0611003,
arXiv:0706.0035)

2
ﬁr.a.,‘,d,l12 = Bo(my, + ma,) .

m = Bo(my + ms) + a® A .

mﬂ = Bo(me, +ms,) + a’Ageq .

5182

Mixed action effevt for overlap on domain wall gauge configurations was
found to be small... M, Lujan et. al., arXiv:1204.6256v1
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