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- Heavy baryons in Lattice QCD

« Singly and doubly
charmed
heavy baryons

« Singly and doubly
bottom
heavy baryons :
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« Lattice QCD with
2+1 flavors
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« Operators (K.C. Bowler et al., PRD 54, 3619 (1996))

05 = 8abc(IP1aTCV5w2b)‘PHca OM = gabc(wlaTCV,ﬂpzb)qJHC

JP ST Content Baryon
I1h A,
Os o+
Ish =
I1h z,
1/2+ Ish =
ssh Q.
lhh =
o, " shh Qim
I1h '
Ish =
3/2+ ssh Q°,
lhh =hh
shh Q'




 Formalism: Construction of two point function

« Two point function with a Staggered light quark and a Wilson heavy quark
« Conversion between a Naive propagator and a Staggered propagator!

Gy (x;9) = Q(x)G,Q(y)" G, (x,y)= €2(x)€2" (J’)GX (x,))
Gy = 1,G,(x.7) where Q(x)=1] | (y )x“/“
[]o.

« Now, we can write the Heavy-Light correlator
Y et < Wy (x)W, (0)>= Eeip'xTr[Fsch, 0; )G, (x;O)]

X

= 3 e L, @ (G ()G (0]

where W. =W, (x)I'W(x)
* (M. Wingate et al. PRD67, 054505 (2003))



* Two point functions for the heavy baryons

C.(p,1) = E ™" (05(%,105(0,0))

abc abc

= 2 “PXg t[G“T (x,0)Cy ;G2 (x,0)(Cy )" 1G (x,0)

Cy(P0)= Y, ¢"*(0,3.00,0.0))

=Y e 7e,,,,,.0Q (X)Cy,QX)(Cy,)1GY (x.0)Gs (x,0)G (x.0)

X

Therefore, Qx) = yer"ryy

Co(p) = " 4t 8,5, Gre (x0)G (x,0)G5; (x,0)

C,(P,1) = E L1 8,8 oy G (1,0)GL (x,0)GE (x,0)




» Cancellations of copy indices

0, = £, Cy 3, YWy D, =@ ()Cy (%))
1/}0‘, (x) = Q@ (X)X“ (x) yY* : Naive quark
1 x“ : 4 copies of staggered quark
6]“ o ()’) = g E Ok l(&)){a (y + S) g“"" : Staggered quark in taste basis
: Q(x) = vy 1 v Yy
X=Yy+ E a : Copy index
. _ i o i, a : Staggered spin index
£ ()’ b &) =2 (&)q (}7) o' : Naive spin index
i : Taste index

P () =Q G (y+5) = Q (5)2Q(E)g“ ™ ()




Di-quark operator

D, =@, (x)Cy ap,(x)) D" (y) = ; @, (X)Cy,4p,(x))

DM(y) =Y 2Q7“E)g " (MR (E)(Cy, )" Q7" (£)2Q" P ()g” ' (v)
3

=Y 4QE)g (D" (Cr )" QP E)g  (y)
§

>, Q@D QE) = 4(Cr,)e ®(1,CTH,,
§

D" (y) =16 (Y)(CY s @ (1,C7); 4" 7 (DICY )y
D5 (y) =16G° (y)(Cy5)s ® (vsC7), 14" " (9)(CY5),,

Overlap with 1* and 0* spin state with single taste

K. Nagata et al., arXiv:0707.3537

a,b
a, B

:  Copy index i,j . Taste index

. Staggered spin index  o',8’ : Naive spin index




« Two-point function of the di-quark operator

C;(‘)/ntl(y,o) - < D;Oﬂti(y)l_)vconti (0) >
=16°Tr[G,(y,0)(Cy,) ® (Cy,)" G,(y,0)(Cy,)" ®(Cy,)]

X (Cyu)ab ® (C}y‘u)g’a’ébb'aaa' TI‘[(C)/ )(C}/ )+] = {O
+ + ’ ) 4
=16"Tr[G,(,0)(Cy,) ® (Cy,) G,(y,0)(Cy,)" ® (Cy,)]
x Tr[(Cy )(Cy,)"]

« Consequences of cancellations of the copy indices
1. no taste mixing

2. Impossible to separate 1/2 and 3/2 spin states using

the spin projection operators. (the delta function)

u=v

u=v



mags (lattice unit)

-- The other way to get 1/2 state

021 = Cabe (%aTCVslPHb ,
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e Data sets

 MILC coarse lattices
— 203x64,a=
— 3 ensembles with four different time sources
- m=0.00/ m,=0.05
*m=0.01T m,=0.05
*m=0.02 m,=0.05
* Propagators
different staggered light valence quarks
« 0.005~0.02
different staggered strange valence quarks
« 0.024, 0.03, 0.0415
— One valence clover heavy quark
* k=0.122 (Tuned for charm quark)
— 007 : 545 confs 010 : 591 confs 020 : 459 confs

* k=0.086 (for bottom)
— 007 : 554 confs 010 : 590 confs 020 : 452 confs



« MILC Fine lattices
— 283x96, a=0.09 fm
— 2 ensembles

- m, =0.2mg with four time sources
— 557 confs

- m, = 0.4 m, with four time sources
— 534 confs

* Propagators
different staggered light valence quarks for 0.2 m,
different staggered light valence quarks for 0.4 m,
— One staggered strange valence quark mass
— One valence clover heavy quark
 Charm quark: k =0.127
« Bottom quark: k = 0.0923



« MILC Medium-coarse lattices
— 163x48, a=0.15 fm
— 3 ensembles

- m, =0.2m, with two time sources
— 631 confs

* m, =0.4 m, with two time sources
— 631 confs

« m, = 0.6 mg with two time sources
— 440 confs

* Propagators
different staggered light valence quarks
— One staggered strange valence quark mass
— One valence clover heavy quark
 Charm quark: k =0.122
« Bottom quark: k = 0.076



 Data analysis

« Ratio of propagators for mass differences

A e o
2 =A€ (m, ml)f_l_”_

P(t) =
© Ae™™ 4.

» Correlated least squares fit

 Error estimation
— 1000 /500 samples

e Simultaneous quadratic chiral extrapolation
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Mags (lattice units)

e Ratio of propagators (continue..)
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e Simultaneous quadratic chiral extrapolation
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e Simultaneous quadratic chiral extrapolation (continue..)
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* Results
« 1/2* singly charmed heavy baryons
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* Results
1/2* singly charmed heavy baryons
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« 1/2* singly bottom heavy baryons with the coarse lattice

Mass difference (MeV)

Mass difference (MeV)

Recent measurements from CDF and DO, and
dynamic calculations by Lewis and Woloshyn.
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MeV (Not kinetic magg)

 Doubly heavy baryons
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Future study

Extrapolations with ChiPT
Increase statistics
Super-fine lattice (a~0.06fm)
3/2 and 1/2 spin states

« Bayesian fit

« Variational method
Constant mass shift

More about

Discretization errors
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-- Surprisingly, C; is a diagonal matrix for i and j indices

C,(p,1) = 2 T8 e QT (D)Cy Q(x)(Cy )]

x G/ (x,0)G50 (x,0)Gjf (x,0) Q(X) =7y 757Y3

tr[Q" (x)Cy,Q(x)(Cy ;)" 1=4(-D"6,

C.(p,t) = E A= 8,8 4 E 0y Gre (x,0)G (x,00Gy; (x,0)

C, ()= P3/2C3/2(t)+P1/2C/2(t)

]
= (9, —3TY G, (0) + gm G, ()

C3/2(t) e e-m3/zt, C1/2(t) e e—ml/zt
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