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Outline

» Transversity and Tensor Charge
— Anatomy of a Calculation
— Tensor Charge
— Higher moments
* Prospects:
— Flavor-singlet Hadron Structure
— Calculations at physical light-quark masses
— Direct calculations of x-dependence
e Outlook
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Transversity Distributions in LQCD

« Describe distribution of longitudinal momentum and spin in
proton

« Matrix elements of light-cone correlation functions
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« Expand O(x) around light-cone
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Anatomy of a Matrix Element Calculation

G*'(q,ty —t;) = ) e TNty F)N(t:,0))

—

x

G*(q,tp —t;,t) = Ze‘“” (tr, T)O(F, t)N(¢;,0))

\/

Resolution of unity — insert states
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Tensor Charge

Constantinou et al, arXiv:1311.4670
Simply lowest moment of transversity distributions
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Consistency between different discretisations

...but with disconnected contributions neglected...
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Precision Nucleon Matrix Elements

* LANL Group: precision calculations of gs, gr and ga.
Needed for BSM studies of ultra-cold neutron decays
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Comparison of gT

Slide: R. Gupta
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Nucleon Charges

e.g. novel interactions probed in ultra-
cold neutron decay

H, D GF[ES udxe(l-ysv,+ e uo,dxec" (1- ys)ve]

s = Zs <p|ﬁd|n> gr=2Zr <p|ﬁo‘w d|n>
Require precise knowledge of QCD nucleon matrix elements, ga, gr, gs
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Higher Moments
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Can directly obtain in forward limit
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First moment of Transversity

First calculations in chiral regime - only perturbative renormalization
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Disconnected diagrams not included
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Orlgln of Nucleon Spin
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* Total orbital angular momentum carried by quarks small
- Orbital angular momentum carried by individual quark flavors substantial.
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Origin of Nucleon Spin - |l
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Parametrizations of GPDs
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Flavor-separated and Gluon Contributions
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PRELIMINARY: S. Meinel, Lattice 2014
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Complete calculation of flavor-separated and
gluonic contributions to nucleon spin

Deka et al, arXiv:1312.4816
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Calculations at Physics Quark Masses

08 ) Green et al, arXiv:1404.40
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Parton Distributions - I

e x-dependence of distributions related to matrix elements of
operators separated on the light-cone

dX v — A —ig M2 dan-Alan A
O(z) = / aeww <‘§n> nPe 912 dan-Alan) <§n>

LQCD formulated in Euclidean space to ensure the action is real - importance sampling

Compute instead x-moments of distributions. Hyper cubic symmetry restricts

calculation to lowest few moments
1

Can you recover the distributions? - avg, param
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Parton Distributions - i

Formulation of LQCD in Euclidean space precludes direct calculation of light-cone
correlation functions

— LQCD computes Moments of parton distributions
New ideas: calculations of QUASI-distributions in infinite-momentum frame

X,y

Carge P
—

X. Ji, Phys. Rev. Lett. 110, 262002 (2013).
X.Ji, J. Zhang, and Y. Zhao, Phys. Rev. Lett. 111, 112002 (2013).
J. W. Qiu and Y. Q. Ma, arXiv:1404.686.

Gz, pu, P,) = [ —e *F x <15
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...Flavor Structure
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Summary

e Lattice Calculations of the simplest quantities are now
appearing at physical values of the quark masses

* High-precision calculations of local matrix elements -
relevant for searches for new physics in, e.g. UCN.

— To directly explore x distributions, there are now a slew of
new ideas... Ji et al, Qiu et al.

 Major effort underway in US in generating lattices designed
for hadron structure calculations.
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TABLE 1. Resourees, in Tfops-years (TF-yrs), required to calculate the connected dingrams for 2
complete set of form factors and the lowesst three moments of structure functions and genernlized
parton distributions for the mucleon at the physeal pion mass. Lattice Generation is the cost of 104
trajoctories, Measurements A reduce the error for g4 to 3 % | and Measurements B reduce the error
for (r) to 3 %. The actions used are Wilson-clover fermoons (W) and Domain-wall fermions (DW);
mensurements for both use the EigCG algocithm[32], and for the latter we alwo employ low-mode

avernging[31].
N2 x N, |Action |a, (En) m,L m,T Lattice Generntion Messurements A Measuremests B
(TF-ym) (TF-yrs) (TF-ym)
6 x128] W | 011 50 100 45 120 1800
DW | 011 52 103 700 100 1400
% x192| W | 0@ 61 123 80 210 3100
DW | 0.9 59 118 4000 390 5100
12«26 W | 006 54 109 1940 340 5000
DW | 007 59 118 20000 1000 13000

“Lattice QCD for Cold Nuclear Physics”: USQCD Whitepaper
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