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Outline

e Simulation setup.

e Three methods to determine the mass of the K meson and the mass of the
D meson:

— Generalized eigenvalue problem.
— Fitting exponentials.

— Explicit demixing.

e Summary and conclusion.
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Simulation setup

e 2+1+1 twisted mass lattice QCD Dirac operators:
— Degenerate light flavors, quark fields y) = (x™, x(@):

, a
QY = YDy +m + ipysTs — 5IZI.

— Non-degenerate heavy flavors, quark fields ") = (x(9, x)):
: a
QW = 3Dy +m+ipeysTi + Taps — 52
e Simulation setup for results shown in this talk:

— 220 gauge configurations.

— 243 x 48 lattice.

— 3 =1.90, k = 0.163335, = 0.004, p, = 0.15, ps = 0.19.
— Pion mass: am, = 0.1722(25).
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Goal

e 4 trial states, i.e. 4 x 4 correlation matrices
Crr(T) = ($s(D)|¢s(0) = (QA0HT)(O(0))'|€2)

with twisted basis meson creation operators
0, € {)Z(d)%x(s), X Dsx', x9x, X(d)x(c)}-

e Goal: determine J = 0 ground state masses for the following mesons.

— Light-strange, P = — (K meson) ("¢ @~51)®) in the physical basis").
— Light-charm, P = — (D meson)  (“4{Yv5¢(%) in the physical basis”).
— Light-strange, P = +  (“9)D4() in the physical basis" ).

— Light-charm, P = +  (“¢@4(©) in the physical basis").

e Main problem: non-trivial relation between physical basis correlation
functions and twisted basis correlation functions.
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Generalized eigenvalue problem (1)

e Determine low lying eigenstates approximately by solving the generalized
eigenvalue problem

CJJ/(T())UF;}) = CJJ/(TO — 1)@57}))\(71)

at fixed time 7} (in this talk: 7y = 8).

e Effective masses:

() ICr(T)o )

()
meffective(T> - lOg ( n n
(US ))TCJJ/(T — 1)@5/)

e Effective mass plateaus correspond to meson masses.
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Generalized eigenvalue problem (2)

e Two states can clearly be
identified.

e Pros and cons:

(4+) Simple: results do not depend
on the basis (“no twisted
mass knowledge necessary” ).

(+) Data quality transparent.

(—) Parity and flavor of resulting
states not obvious.

Meftective

effective masses from twisted basis correlators

(4+) Resulting states differ in parity and flavor quantum numbers, i.e. one
state for each combination P = +/P = — and strange/charm.
— Suited to determine the mass of the D meson.

* Parity and flavor can be assigned from the eigenvectors v}

(n)

(assuming w; ~ w, ~ w/2 and Zp/Zg ~ 1).
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Fitting exponentials (1)

e |t can be shown that in the twisted basis parity even correlators are real,
whereas parity odd correlators are purely imaginary.

e Ansatz to determine n low lying eigenstates |j):

o) = > allj)
j=1

with ag.‘]) real, if |¢;) is a positive parity trial state, and a;J)

if @) is a negative parity trial state.

purely imaginary,

e Correlation matrices in terms of the ansatz:

n

Cx(T) = (Gs(D)Iér(0)) = D (o) e e = Cyp(T).
j=1
e Determine E; and a(-‘]) by minimizing

. B Crx(T) — Cr (D
oo ZZZ( o(Cyx(T)) )

T'=Thin J K>J
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Fitting exponentials (2)

¢ TWO States can Clearly be fitting results from twisted basis correlators
identified. W L T ]
| ... - - 3 |
e Pros and cons: L2 . 1
1r A"-.A }{ { R
(+) Statistical analysis more s o8| | ]
straightforward. 06
. ] 0.4
(—) Parity and flavor of resulting e
. 0.2 [ 0.5587(277) mwmun 4
states not obvious. A
0 1 1 1 1 1 1 1 1
. 0 2 4 6 8 10 12 14 16
(—) Resulting states do not ;

necessarily differ in
parity and flavor quantum numbers.

— A determination of the mass of the D meson is difficult.
(J)

+ Parity and flavor can be assigned from coefficients a; (assuming

w R wp = 7/2and Zp/Zg =~ 1).
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Explicit demixing (1)

e For each combination P = +/P = — and strange/charm determine the
corresponding correlation function in the physical basis.

e Twist rotation for quark fields (in the continuum):

¢(l) = %( COS(W[/2) +1 Sin(wl/2)757-3))((l)
¢(h) = %( cos(wh/2) + 1 sin(wh/Q)f%Tl)X(h)_

e Twist rotation for meson creation operators (on the lattice):

@Z(d)’yyﬂ(s) ccy s;sy —isjcp, +icsy, ZPX(d)’%X(S)
P Dygepl L sisn aen Hiasy —isicn ZpX' Dysx
P Dq)(s) 2 | —isicn, +icisy, e S1Sh ZgxDx®)
(D)l +uc18,  —isicn SiSh CICh Zsx“Dx©

where ¢; = cos(w;/2), s; = sin(w;/2), ¢p = cos(wn/2), sp = sin(wy/2).
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Explicit demixing (2)

e Determine the light twist angle w; and the heavy twist angle w;, and the ratio
Zp/Zg by requiring that the physical basis correlation matrix is diagonal,

C&i’fiac?;c)(T) = (DT ()G D0ys0) Q) = o
(@) = (QPYD)yp(T) @ D0y (0) 1) = 0
pscal o@D = QU@ (@)D )99 0)19) = o
L@ = QD@5 (T)H D) 0)10) = 0
prscl o) = QD@ (T)(HD ) (0)) Q) = 0
CPhY§1§f‘lc><T> = (QPDT)I(T)@D 0w 0)Q) = o

i.e. by minimizing

) Tnax Cphysmal T .
X — Z Z Z ( Cphysmag(z—)w))> ’

T'=Twin J K>J

Marc Wagner, “Analysis aspects for 24+1+1 flavor twisted mass lattice QCD"”, May 10, 2008



Explicit demixing (3)

e Results for different fitting ranges:

fitting range Wi Wh Zp/Zs | x*/d.o.f.
2 < T <16 | 0.7497(536) x 7 | 0.4857(38) x 7 | 0.6345(52) | 292.86
3 < T <16 | 0.6204(107) x 7 | 0.5007(14) x 7 | 0.6380(20) | 25.45
4<T <16 0.6258(94) x 7 | 0.5079(12) x 7 | 0.6489(19) | 4.23
5<T <16 | 0.6323(95) x m | 0.5101(13) x 7 | 0.6543(22) | 1.25
6 <T <16 0.6366(96) x © | 0.5105(14) x 7 | 0.6566(24) |  0.63

e Are lattice artifacts responsible?

Marc Wagner, “Analysis aspects for 24+1+1 flavor twisted mass lattice QCD"”, May 10, 2008



Explicit demixing (4)

e Analysis of four individual correlation functions in the physical basis via
effective masses and via fitting a single exponential.

e Results for fitting range 6 < T < 16:

parity | flavor m x?/d.o.f. | particle
— | strange | 0.2743(19) 0.89 | K meson
— | charm | 1.0459(230) | 0.74 | D meson
= stra nge 0. 5487(223) 0.04 effective masses and fitting results from physical basis correlations
+ | charm | 1.2074(398) | 0.19 S 1.0459(230) (psouoscalar charm) |
16 0.5487(223) (scalar strange) -+ T
14 | . 0.2743(19) (pseudoscalar strange) ]
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Explicit demixing (5)

e Rough estimation of meson masses in physical units (assuming a ~ 0.1 fm):

amy = 0.1722(25)  — my ~ 340 MeV (PDG: 139.57018(35) MeV).
amy = 0.2743(19) — mg ~ 540 MeV (PDG: 493.677(16) MeV).
amp = 1.0459(230) — mp ~ 2100 MeV (PDG: 1869.62(20) MeV).

e Pros and cons:

(4) Parity and flavor of resulting states is obvious.

(4) Determination of the mass of the D meson seems possible with a
comparatively small number of contractions.

(4) Data quality still obvious, when effective masses are computed for
individual physical basis correlation functions.
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Local versus smeared operators

Meffective

e Smearing (fuzzing) increases statistical errors.
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Summary and conclusion

e Comparison of three analysis methods to determine the mass of the K
meson and the mass of the D meson.
— Generalized eigenvalue problem.
— Fitting exponentials.
— Explicit demixing.

e Determination of the mass of the K meson is simple.
— All three methods agree and yield rather precise results.

e Determination of the mass of the D meson is significantly harder.
— Use explicit demixing.
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