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Motivation

» Lattice QCD is a tool for prediction of states in nature.

» Have been previous studies (Brown-14) to compute heavy Baryon
spectrum, as of yet no detection of double-heavy baryons.

» It is our job to provide accurate descriptions of where to look.

» We use gauge fixed wall sources, near physical pions and a decent
inverse lattice spacing (a—! = 2.194(10) GeV).

» As we were saving propagators for our main project (next talk) this
study was more or less free.
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Operators & Correlators

Correlators are formed as,
Co%,(p, 1) = (D P07 (x,1)02(0,0)1) ,

- Z<O‘O?|”><n|0§2|0>e—50102(p)t _

Typical (0T) meson interpolating operators,

P(x) = a(x)272%d2 (x),  Adlx) = B2 (x)nE 7P dP (x) .

Baryon interpolating operators are generically given by,

B (x) = abe (15 (x)) T CTIx(x)) 6(x):

Baryon correlator B;j"'/(p, t) with open dirac indices and no parity.
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Gauge and Light quark (u-s) action

Iwasaki gauge action (8 = 1.9, g = —0.331),

Sg:BZRe<18c1 +clzR >

Xy sV

Non-perturbatively Clover-improved Wilson fermions Csyy = 1.715,
M(x,y) = 0y (1 — KCsw Z F,Wo—,w>
- HZ 'V/L Ux u5><+u,y + (1 + ,YH)UI,M(SXv}""'ﬁ) :

PACS-CS 2009.
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Heavy quark actions

relativistic ¢ quarks (Tsukuba tuning) by lkeda et al, Phys Lett B729

(2014) 85:

M(X,y) = 6X’y (1 — KCE Z F,'40','4 — KCB Z FUUU)
i ij

- NZ <(ru = V) U wBsctny + (1 + V’Yu)Ul,u‘sx,erﬂ) .
"

b quarks use a tadpole-improved NRQCD Hamiltonian (¢; = 1):

@ 2))2 - - .
A (A7) e & R.g_E.A)

AT <@
oMy T 8Mo3 | Ul 8Mg?

-2 & s (AxE-ExA)- 2 &
U3 8Mg?2 Ug 2Mo
32A(4) a(A(2))2
+ cs — Cp .
24 Mo 16nMg>2
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Extracting meson masses and decay constants

Pseudoscalar-meson gauge fixed wall source correlation functions are fit

to:
ChE = B (e7h 4 e MLt ClE — iy (7Pt 4 e BHD),
CHt = fify (70t — e Bt Ol = fify (&7 — &0
CHY = i (700 4 e B0} W = fify (700 4 e~ lL=D)
CHW = ffy (70 — e B0} U = ffy (o700 — ~(L0))

8 correlators, 5 fit parameters

Extract the decay constant with,
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Parity & spin projections

We must pick a parity for our baryon correlators, we use

[e% 1 « L K/Ii Kli/
Lyjs = 5077 B (p.t) = LB} (p.t) .

At zero momentum there exist (Benmerrouche-89, Bowler-96) the
following spin projections,

1/2 1 3/2 1
Py’ =37 Py =0 = 37 -

B{# (p.t) = PyBji™ (p.t) -

L4 behaves like a time reversal of Ls and so they can be averaged
together.
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Code & methodology

» We required a code that could contract together both NRQCD and
dirac propagators offline.

> Execution time was some concern. Small CPU allocation ~ 150 core
years. GPC machine uses Xeon architecture so SSE4.2 supported.

We wrote the Contractual Obligations library to deal with this.

» Hand-unrolled intrinsics for linear algebra, sparse (index-based)
gamma multiplies. Multithreaded.

» Coulomb gauge fixing using the FACG of the GLU library.

» Light quark inversions using DDHMC package.
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https://github.com/RJHudspith/Contractual_ Obligations
https://github.com/RJHudspith/GLU
http://luscher.web.cern.ch/luscher/dd-hmc/

Ensemble properties

Label EH EM El
Extent 323 x 64 323 x 64 323 x 64
a~! [GeV]* 2.194(10) 2.194(10) 2.194(10)
K 0.13754 0.13770 0.13781
Ks 0.13666 0.13666 0.13666
am;, 0.18928(36) 0.13618(46) 0.07459(54)
amg 0.27198(28) 0.25157(30) 0.23288(25)
i/ fr 1.0827(14) 1.1151(33) 1.2012(75)
My [GeV] 9.528(79) 9.488(71) 9.443(76)
Configurations 400 800 195
Measurements 800 800 3078

Overview of our ensemble parameters: am, x are from global cosh/sinh fits to
a shared mass and common amplitudes over the Cpp, Ca,a,, and Ca,p
correlators using both wall-local and wall-wall data. Fit ranges were chosen so
that x?/d.o.f was close to 1. These configurations use the lwasaki gauge
action with 8 = 1.9 and clover coefficient csyy = 1.715. “Nakamura-2013.
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Tuning the NRQCD action

We use the fourth root of the plaquette rather than the mean Landau
link. Retuned NRQCD action (using point sources) for these ensembles
by fitting linearly in 52 to,

=2
I3} ~ . 2mn
aE(p):aMoer, B, = asin ( LM#) .

aMph is the physical hadron mass we tune to My.

Ensemble Ey Em E;
Ug 0.86899 0.86911 0.86923
Mo 1.93 1.93 1.825
Measurements 120 200 198

Retuned NRQCD parameters for our ensembles
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Vector meson exceptional configurations
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Excessive particle table

uuu
uud
uus
uuc
uub

uds
udc
udb
uss
usc

usb
ucc
uch

ubb
Sss

ssc
ssb
scc
scb
sbb

ccc
ccb
cbb
bbb

List of Baryons we have analysed. Red indicates that only C~s and spin 3/2
C~; operators are available, all other options have both spinl/2 and spin-3/2

components.
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Experimentally observed particles and first predictions
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» Work in progress: Double systematics from tuning and 6(aja)

» Still: Spectra for ¢ > 0 and/or b = 1 baryons agree well with

experiment and (Brown-14)
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Heavy baryon predictions
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> Predictions for ¢ > 0 and b > 1 baryons compatible with (Brown-14)

renwick. james.hudspith@gmail.com

14/17



b = 0 baryon mass splittings
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b > 0 baryon mass splittings
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required

Precise results also at
low m,

Chiral extrapolation
short and accurate
Results compatible with
(Brown-14) and
experiment
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Summary

» We have thousands of saved propagators and can perform large
spectrum calculations easily.

» Have good agreement with experiment — well tuned heavy quark
actions.

» Near physical pions, (barring exceptional configurations) and gauge
fixed wall sources have been beneficial.

» Updated PACS-CS values for m,, fx/f; retuned NRQCD action,
introduced our ensembles for tetraquark talk.
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