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Some primary results

Understanding the theory of strong interactions in the strong coupling
regime = Understanding its fundamental degrees of freedom and its
bound states.

Rich spectra of light hadrons lead the eightfold way of hadrons. Dis-
covery of J/4 (November revolution) and other charmonia ground and
excited states put this quark substructure of hadrons on solid footing.

Recent discoveries of a tower of unexplained heavy hadron states reju-
venates heavy hadron spectroscopy. Future and current experimental
prospects include observations from LHCb, BES Ill and Belle |I.

We perform a first principle calculation of ground and excited state spec-
tra of charmed baryons using dynamical lattice QCD.

Anisotropic lattices with ¢ = a5 /a; ~ 3.5.

Dynamical configurations (N = 2 + 1 sea quarks).
Gauge field : 4 link square plaguette + 6 link rectangular plaquette
Fermions : Wilson + dim. 5 ‘clover’ term

Lattice spacing : a; = 0.035 fm and a;m. = 0.114 << 1.
Lattice size : 16% x 128; L, =as Ny = 1.9 fm.
Statistics : 96 cfgs and 4 time sources.

Caveat : m.. ~ 400 MeV

Aim : to extract the physical states of QCD. Euclidean two point current-
current correlation functions

= 2" 4

Cii(ty —t;) = (0|0;(tr)0;(t:)|0) = > T e~ Mn(ty—t;)

where O;(ts) and O,(t;) are the desired interpolating operators and
Zj = {0]0;]n).

Aim : Local operators — low lying states.
Extended operators — States with radial and orbital excitations.

Proceeds in two steps
Construct continuum operators with well defined quantum nos.
Reduce/subduce into the irreps of the reduced symmetry.

Used set of baryon continuum operators of the form

Excluding the color part, the flavor-spin-spatial structure

OV = [Fg, ® Sz @ Dy,)”"

~v-matrix convention : v, = diag[1,1,-1,-1];
Non-relativistic — purely based on the upper two component of g.
Relativistic — All operators except non-relativistic ones.

Subset of D; D, operators that include |D;, D,| ~ F;; — hybrid.

Caveat : Multihadron operators not considered.

Spin identification

e For example, a continuum operator O = |cce ® (%+); X DLZQ,S

2] ]J:%_

e In the continuum, <O\O|g+> = 7.

On lattice, O gets subduced over two lattice irreps H, and Ga,.

e Then (0|0, |3") = Z10 & (0|0¢,, |37 = Zs3

where « and (5 are the Clebsch-Gordan coefficients.

e If “close" to the continuum, then 27 ~ Z{ ~ Zs.

240.0

|

'beb (NR) :

Q (NR+R) |
CcCC

QCCC (NR) I

Q§S§ I

I

200.0 —
160.0

120.0

o0
<
-

Amass (MeV)
N

= =)

=N =)

-40.0
-80.0
-120.0

-160.0

|
|
|
: | 0.21
|
|
|

0.18

0.15 c=2.

- 3/2 mass,, (GeV)

0121

mass Q.

0.09 -

Spin-Orbit splittings

a=0.0582fm

a=0.07fm a=0.09fm

0.06

HSC-13 ILGTI-13 Durr, et. al.-12  PACS-CS-13

Triply charm baryon binding energy

200

160 |

120 |

80 f

Q..(3121) = Q..(1/27) (MeV)

HSC-13 sps
ILGTI-13 s
Briceno, et. al.-12 »——@=——
Bali, et. al.-12 »=—@=—
PACS-CS-13 ]

EXpt. sl
HSC-13 st
ILGTI-13 st
Briceno, et. al.-12 w—@=——
Bali, et. al.-12 i
PACS-CS-13
Mathur, et. al.-02 »=—@=—

Hyperfine splitting 2.

Hyperfine splitting €2,

32¢
3.00
281
2,61
L4

5ol
2.0t
1.8
1.6f
1.4

[GeV]

m-m

12 3/2 512 72 o2t o3t

5127 712" 1727 3/2 5127 72

127 327 527 127

172 312 52 712

0.8+ _
0.6—— : : : : 0.6 " "
127 3727 5127 12 172 32 572  I/2 172 372
Summary
QCCC __ ‘ A fl rSt

0. [GeV]
g !
T | T

m-3/2 m

[E—
[\9]
' |

<
o0
|

)
M~
T | T

S
o

.......

strongl

5127 7727 1727 3/2° 5120 712

principles non-perturbative

- calculation, using lattice QCD, of
excited state spectra of charm
baryons is perfomed.

e The pattern of low lyin states

y resemble non-relativistic

vz sy expectations.

e Some predictions in the bottom sector using extrapolations (HQET)
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