SU(3) flavor symmetry breaking
In octet baryon
from quark and gluon spin
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Baryon mass and spin and their strong interaction origin
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Quark and gluon spin As functions of quark mass
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Hadron spin decomposition Heavy quark limit
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CLQCD ensembles Current status
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ensembles discretization ® 2 = 0.0519(3) fm
m, ® o = 003782 fm ensemble set
MILC us |(0.03fm, &5 [58fm| 1 “ from China which

can control most
of the systematic

uncertainties;

RBC US |0.06 fm| 3 55fm| 1
BMW EN |0.05fm| 15 | 10fm 2
CLS EN (0.04 fm| 2 55fm| 1
ETM EN |0.0O5fm| 5 [6.3fm| 1
PACS JP 10.06 fm| 3 10 fm 1

CLQCD| CN |0.04fm 3 |6.7fm| 2

1.80

 Unique
advantage on
finite volume
studies.

$ CLQCD(CLStut 4 stad)

CLQCD(HI + Stad)
1.75 | *

i « New ensembles (HI + S®) with 2+1+1 flavor HISQ fermion can provide
. —\‘$< ‘ proper estimate of the charm sea effects;
%1'65 R-i \%  Compared to the current 2+1 flavor Clover fermion ensembles

160} : - (CLs"" 4 Sd) the discretization errors are also suppressed in kinds of the
1.55 | 1 Cases.

1. | | | 1 1 1 |
5OO.OOO 0.002 0.004 0.006 0.008 0.010 0.012

a2 (fm?)




0
: * The “blending” method projects the all-
1 to-all propagators into exact low

momentum modes plus stochastic
samples of high momentum modes;
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Blending method
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Blending method
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Cost comparison

Ensemble | L | T | afm) | m, | 7t gh Propagators Prggzgztg:rsoior
CLQCD | F48P30 |48 | 96 |0.078| 300 | 40 | 1.234(04) 0.19M 0.19M
CalLAT | aoom310 | 32| 96 | 0.000 | 310 | 784 | 1.235(11) 0.06M 0.37M
RQCD N450 48 | 128 | 0.076 | 287 | 1132 1.238(24) 0.02M 0.44M

C.C.Chang et. al., [CalLAT], Nature 558(2018)91
G.S.Bali et. al., [RQCD], PRD108(2023)034512

* Blending method can reach the same precision with 50% cost of
either FH-inspired (CalLAT) or stochastic (RQCD) method, and also

1. Provide the information from arbitrary source-current-sink
separations;

propagators, including disconnected insertions.

Reuse data in any other calculation which needs light quark
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Cost comparison
at physical pion mass

Ensemble | L | T | afm) | m, | 7t gid Propagators Pro?ﬁfaetr?;‘:’ for
CLQCD | F64P13 |64 |128|0.078| 134 | 40 1.24(01) 0.34M 0.11M
CalLAT | a12m130 (48| 64 | 0.121 | 131 | 1000 | 1.29(03) 0.03M 0.15M
ETMC |cB211.072.64| 64 {128 | 0.080 | 139 | 750 | 1.29(02) 1.71M 5.5M
RQCD D452 |64 |128|0.076 | 156 | 1000 | 1.19(25) 0.01M 5.2M
PNDME | a09m130 | 64 | 96 | 0.090 | 138 | 1290 | 1.32(03) 1.69M 11.2M

Z.C.Hu, et. al.,[CLQCD] in preparation

C.C.Chang et. al., [CalLAT], Nature 558(2018)91
C.Alexandrou et. al., [ETMC], PRD102(2020)054517

G.S.Bali et. al., [RQCD], PRD108(2023)034512
Y.C.Jang et. al., [PNDME], PRD109(2023)014503

* Advantage becomes much more significant at the physical pion
mass, except the CalLAT results which is only available at much
larger lattice spacing;

* And also provide much more information on different source-current-
sink separations and nucleon interpolation fields, which allow us to
have much better control on the excited state contaminations.



Quark spin

p(uud)

nucleons '

mMSC GeV) = 2 14(8) MeV
mMS2 GeV) — 4 70(5) MeV

d

mMS(z GeV) _

* One can calculate the quark spin of SU(3) octet baryon using the

93 5(6) MGV Flavor lattice average group, 2411.04268

blended light and strange quark propagators.

- The quantity has the best signal is Ogyy (3, With the connected
insertion part of the u and d quarks only.

SU(3) breaking effects
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Quark spin

SU(3) breaking effects

G.S.Bali et. al., [RQCD], PRD108(2023)034512
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Z.C.Hu, et. al., [CLQCD], in preparation




Quark spin
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* Further more, one can calculate the contribution by reusing the same blended propagators.

* The results suggest that SU(3) breaking effect is indeed small, and eventually the quark spin contribution
to any of the octet baryons are around 50%.

» Repeating the calculation on the other ensemble can significantly suppress the statistical uncertainty after

the continuum and chiral extrapolations.

Z.C.Hu, J.H. Wang et. al., CLQCD, in preparation




Gluon spin
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one of eight APS highlight 2017
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D.J. Zhao, et. al. [LPC], In preparation

* Experimental analysis and preliminary lattice calculation suggests the missing
baryon spin would come from the gluon spin.

* Our recent work finds that the nucleon matrix element of the topological
current KM can have similar kinetic feature as the axial current for quark spin,

(Ald)y o« 8, glus



Gluon spin Non-perturbative renormalization
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D.J. Zhao, et. al. [LPC], In preparation

* Previous study used the lattice perturbative theory to renormalize the gluon spin operator, and suffered from
non-negligible higher order corrections.

» Using the cluster decomposition error reduction (CDER) method which can suppress the statistical uncertainty
by ©(100), one can renormalize the gluon spin operator non-perturbative for the first time.

* The final result including the mixing with the quark spin is in progress.



Summary

o CLQC

D) ensembles can now provide

high precision hadron matrix elements
through the blending method;
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Ensemble | L | T | afm) | m, | 7 g’ Propagators Pro?ffitr‘:; for
CLQCD | F64P13 |64 |128|0.078 | 134 | 40 1.24(01) 0.34M 0.11M
CalLAT | a12m130 |48 | 64 | 0.121 | 131 | 1000 | 1.29(03) 0.03M 0.15M
ETMC |cB211.072.64| 64 [128| 0.080 | 139 | 750 1.29(02) 1.71M 5.5M
RQCD D452 |64 |128|0.076 | 156 | 1000 | 1.19(25) 0.01M 5.2M
PNDME | a09m130 | 64 | 96 | 0.090 | 138 | 1290 | 1.32(03) 1.69M 11.2M

e Update results on CLQCD ensembles

roughly half of the octet baryon spi

suggest both quark and gluon contribute

;

® (Control on the systematic uncertainties
are In progress.




