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1. Introduction: Intrinsic Quark Spin

1 1
Ji's sumrule: 5 = Z (iAq + L)+ J, XD. Ji, PRL 78 610(1997)

q::159d359'“

O Total intrinsic quark spin contribute ~30-40% to nucleon;
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Q0% ;
Nature Rev.Phys. 3 27-38(2021) Valence Sea
v' Lattice QCD provides a first-principle, non-perturbative description of — &
the strong interaction. K G Wilson, PRD. 10, 8 (1974); N m——
O LQCD faces large challenge on calculate sea quark ] o 154
contribution(Quark disconnected insertion); 0
As [samge : : Tad  eon
n=2153] G0 ko ¥ B
n?:;‘cc _ 1837 —0.003;0 L e :35.040 045 : PNDME, PRD 98, 094512 (2018)
- 1000 02008 iy M XQCD, PRD 98, 074505 (2018)

C. Alexandrou et al., PRL 119, 142002 (2017) Mainz, arXiv 1911.01177 (2019)



1. Introduction: Flavour-singlet Quark Spin for Baryon Octet and SU(3) symmetry {\/}
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FLAG(2024), arXiv.2411.04268
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5 " B Thereis moderate SU(3) symmetry breaking effects for the L/Q
n(ddu) _ pluud) iso-vector axial charges, &5(3)/9% ~ 9%:
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HW. Lin et al. PRD 79, 034507 (2009)
A. Savanur. PRD 102, 014501 (2020)
ROCD, PRD 108, 034512 (2023)

B How does SU(3) flavour symmetry and breaking affect
Hyperons Spin Structure? 4 j chambers, PR.D 90, 014510 (2014)
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v’ In this study we use a novel *Blending method* to study “Quark Spin in Octet Baryons” (including

sea quark contribution) at 3 ensembles(include 2 pion mass and 2 lattice spacing). P5
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2: Theoretical Framework: Blending Method

€ “Distillation* can significantly improve the signal-to- r
noise ratio and suppress excited-state contamination; / O @ o o O\ ~
L
@
_v2|¢> — )\lgb>7 Ly @)
BLD Space ¢
— . 2 — Lot Lo=L
L={|\);=V?|¢) = Al®)}.  PRD. 80, 054506 (2009) L, e o o
Distillation @ | cne=o
O Distillation space £, is not complete, resulting in bias of local current ME; — h © \\j Lanbe =Ly
O *Blending* method(BLD) can provide an unbiased estimation of identity Samples by Noise vector

matrix, based on samplesin £,;
Z.C. Hu et al. , arXiv: 2505.01719(2025)

Conserved Current Test:

(H|VE|H)/(H|H) =1

v" All-to-All fermion Propagator could be stored and reused.

Ny = 0 I Nyt = 100 I Ng = 400

Sij(ti,t2) I/dgideZl(@(f,751)15(55,751;@ t2)|9; (¥, t2)), HOF Ma=50 B Ne=200
o 1.00 ;_W_ﬁ‘_@‘_}ﬁ‘_?_?_?_}m’_w_ T
/ All-to-all propagator size; (4N.NpN;,)? Unacceptable! \ e S 30%
- .@.w— Negg = 90

0.65F !L

N, + N, 2 4 6 8

eT]st ~ 1% t/a
(NeNyNy)(N, + Neg) [4N7 (N, + Nq,)]? Acceptable! v (mF|VEIrT) = 1.0002(29) with N = 400,
m, = 290MeV;
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2: Theoretical Framework: Blending Method {\\/}

€ Low-lying space of Laplace (Distillation) can get high precision nucleon external state \Q
without momentum;

v" We observe substantiallyimproved results at the physical point(m, = 135MeV);

1.7 ate
] This work . = 135MeV
85 14 qu:"" a = 0.105fm
(P|aySytu — dySy'd|P) EERRE | ﬂ
1.35 { model average gé,‘:;g(e,r,a=0) " 0.0 25 5.0 75 100 125 so oT e lo!a;ff(lfr#)o‘ TizoTT
gh "% = 1.2723(23) t/a
I — Nature 558,91 (2018)
:: S Ensemble  ngt g;’fl_d ox/|x|
T dpeaztEm § amonm CLQCD(This work) C48P14 GTéED 1.221(07) (0.57%
000 005 040 045 020 025 080 CaILat al5m130 1000 1270(72) 566%
e [Nature 558, 91(2018)] al2m130 1000 1.292(30) 2.32%
RQCD [PRD 108, 03,512 (2025)] D452 1000 1.17(24) 20.5%

Severe model dependent /!

v Itis expected to achieve experimental-level precision of 0.1% with an internationally comparable level of
statistics (e.g., 1000 configurations);
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2: Theoretical Framework: Blending Method
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) X : 3 - This work
c) Data of fermion Propagator could be 0.04 = T T = —T— oof o mos2om 1 y=ostam
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PNDME, PR.D 98, 094512 (2018)
Ensemble My L3XT | nefg Niny g Dl gZDI

PNDME Collaboration | al2m220 | 228MeV  32x64 | 958 11000 | -0.075(9) -0.037(6)
CLQCD(This work) | C32P23 | 227MeV  32x64 | 80  3200* | -0.035(7) -0.021(2) P9




2: Theoretical Framework: Lattice Setup

> 2+1flavor tadpole-improved Clover Fermion with Symanzik gauge action;

a(fm) m.(MeV) LpXLi mzL ncg
C32P29 | 0.105 292 32x64 5.0 200
C32P23 | 0.105 227 32x64 3.9 80 ]
F48P30 | 0.077 303 48x96 5.7 40 CLQCD

CLOCD, PRD 109, 054507 (2024)
CLOCD, PRD 111, 054504 (2025)
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3.1 Renormalization and Flavour mixing

® Flavour Non-singlet and Singlet renormalized constant;

uds @

,bare __ -
g% = (N|gqvivsq|N);

- R s g
Flavor Mixing: g% = Z7 g% +

A. J. Chambers et al., PRD 92, 114517 (2015)
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€ Flavour mixing will lead to 1o shift at current precision globally;

& S = Zi‘};—;zszq g%" couldn’t be ignored for strange quark in nucleon, which has 20%-30% contribution; P12



3.2 Chiral behavior of Sea Quark Contribution to Spin

Lds v The contribution of sea quarks is basically consistent in all octet baryons;
o O'OOOE
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> Wedidn’'t see apparent m, dependence at m, =~ 220MeV and m, =~ 300MeV for sea quark contribution;
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3.3 The total singlet quark spin and SU(3)-flavour symmetry /7
- — IMP )
T 5
n = u(u” Cy°d) =g = s(sTC~ u |
up/down _ dstra.nget | So (s7 Cy7u)
: ominan
dominant | »+ _ w(ul C~5s) Ao = 25[u”d] + d[u”s] — u[d"s]
_n b = Connected Diagram has larger influence for SU(3
5SU(3) = 9A(u—d) — 9A(u—d) T 9A(u—d) ¢ g. 0 & i (3)
| symmetry breaking on 20% level on quark spin.
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4. Conclusion and Outlook /7

IMP,

Conclusion

1) Theseaquark contributionis consistentin Octetbaryonsranging m, € [220,300]MeV;
2) SU(@3)-flavour symmetry breaking has ~20% influence in valence quark helicity;
3) The symmetry is better preserved within specific diquark structures, as seen in the pairs like, (n, Z) (A, 2);

4) Thereisatendency for the SU(3) symmetry to partially recover after continuum extrapolation.

Outlook

1) Thechiral behavior of sea quark helicity should be checked carefully;
2) More systematical computation in different lattice spacing suchas a = 0.077fmand a = 0.052fm will be
doneinthe near future;

3) Calculationdirectly at physical pointis alsoin progress. P16
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