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A. Motivation

Introduced in 1979 by Ralston and Sober (Drell-Yan scattering)
Appeared again in 1990° by Artru and Mekhfi / Jaffe and Ji

transversity distributions (TDs) are chirally-odd — fully inclusive DIS not useful

To measure TDs the chirality must be flipped twice:

1 hadron hadron collisions (2 hadrons in initial state)

2 semi-inclusive DIS (SIDIS) (1 hadron in initial state and 1 in final state)
planned

Small contributions of tensor interactions in SM (10—3): future experiments are



B. Nucleon Generalized Parton Distributions (GPDs)

e Parametrization of off-forward nucleon matrix of a bilocal quark operator

d\ N ig )\f/2 dan-A(na)
Frla,&,¢%) = 3 [ Goe™ W/ l3(-Xn/2) 0 pe_2 /2l

gauge invariance
where ¢ = p’ —p, P = (p’ + p)/2, n: light-cone vector (P.n = 1), £ = —n - A/2
e Choices of operators within LQCD: towers of local twist-2 operators

e Operators & hadron structure observables related via moments in the
momentum fraction x
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complete set for describing the quark state inside the nucleon (leading-order hard processes)
A unpolarized Or-in = gyleiDr | jDHn-1}g

B helicity (polarized) Orretin = Grsndljpra | jDin-1}g
Talk by C. Alexandrou

C transversity O#1-tin-1 = goh{V DM | jDHn-1}g

I—b net number of quarks with transverse polarization

in a transversely polarized nucleon
e Transversity distribution (scheme and scale dependent):
! 1
@sq = [ dwa” [Ba(a) + (-)"oa@)] « Sa=ar+au
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® Nucleon case: Hr(z,€,¢%), Er(z,€,q%), Hr(z,€,¢2), Er(z,€,q%)



Nucleon transversity generalized form factors
Decomposition of matrix elements into GFFs: contain FFs, PDFs
Special cases for the tensor operator:

n=0 : Ario, Brio, Ario quark helicity flip form factors

[ AV Bl Av]
(@i q(0)) = {io™") e HE)

o A710(0) = (1)s4(x) (tensor charge gr)
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FFs / GFFs and GPDs

FFs GFFs
1 1
Aro(@?) = [ doHr(o, €6 Arao(@?) = [ dawHr(o,€,)
—1 -1
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Ltime reversal transformation properties

e Brio = Brio + 24710 Brio(0) = kr (tensor magnetic moment)t

F[M. Burkardt, Phys. Rev. D72 (2005) 094020]



Evaluation on the Lattice: Connected diagram
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e No mixing with lower dimension operators
e Isovector combinations: No disconnected diagrams

e DT: antisymm., symm. and subtraction of the traces



dominance in 3pt correlators

o T =(147) (2pt & 3pt)

o TP =1 +v)iysy (3pt) (Q% = 0FFsand GFFs)

Leading ¢t dependence cancels
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Sequential inversion “through the sink”: fix sink-source separation ¢y — ¢;

Smearing techniques (Gausian/APE): improvement of ground state
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Ultra-local Tensor

Continuum Decomposition (Euclidean)
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Ensembles
e N = 2+1+1 twisted mass gauge configurations
e Ny = 2 twisted mass/Clover gauge configurations

e |wasaki gluon action

Ny B a (fm) ajio Csw my (MeV) L3 xT  Stat.
2+1+1 2.10 0.064* 0.0015 0 213 483 x 96 425
2 210 0.097* 0.0009 1.57551 126 483 x 96 420

* Determination of lattice spacing from nucleon masses

We focus on:
e connected diagram: Isovector/Isoscalar nucleon transversity FFs/GFFs

since:
e disconnected diagram: Isoscalar computation (O7'): negligible contribution
Talk by A. Vaquero
Thursday 14:00



D1. Non-perturbative Renormalization

Ultra-local tensor operator

I
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D2. Renormalization at the physical point

Same ensemble as for the FFs/GFFs computation
m, dependence expected insignificant [C. Alexandrou et al., Phys. Rev D152 (1979) 109]

Democratic momenta in the spatial direction

24 Reliable perturbation theory
< Aep € B <

L2 a?

Small O(a) lattice effects

Criterion for choosing the momenta

[M. Constantinou et al., JHEP 1008 (2010) 068 ]

(Tor8) (Sor2)”

ultra — local : <04

= Non-Lorentz invariant contributions under control
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D3. Perturbative Renormalization

One-Derivative tensor operator
® 1-loop perturbation theory

AN gluon field
1 2
: fermion field
@ m X: operator insertion
® RI'-MOM renormalization scheme
1 _
Zy = TS EN T SO0 ,
p2=0
_ 1 0 0 0
25 25 ST, D) T ]|, = TRl () T
e Conversion to MS at 2GeV
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Perturbative Results
(C. Alexandrou et al., Phys. Rev. D83 (2011) 014503)

Iwasaki gluon action:

2
Zor(p=p) =1+ L —F (2.3285 — 2.2795 cor — 1.0117 2, — 3 log(a® %))

167

RI’-MOM scheme: MS scheme:
B=1.95: ZBlL(p=p) = 1.0891 ZMS (p = ) = 0.9091
B=21: zELp=p) = 11177 ZM8(p = i) = 0.9900
B=21, cow : ZEL(p=p) = 1.2059 ZMS(p = ) = 1.1041

Conversion factor:
R 2
RI,MS _ 9°Cr
Cpp =1- 1673 (Ba+17)

(J. Gracey, Nucl. Phys. B667 (2003) 242)

. pert nonpert . 0; B
Note: Zm,/ oo Zm,/ 54+ 10% difference



E. Results: Tensor GFFs

Preliminary
Isovector:
oal’ ‘ ‘ e TME(N;=2r1+D); 373Mev ]
i e TMF (Nf=2+1+1): 213MeV
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E2. Isovector Tensor FFs

Zero-momentum transfer Tensor charge

Fundamental parameter that characterize properties of the nucleon
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T. Bhattacharya et al., Phys. Rev. D85 5 (2012)]

1 (M. Anselmino et al., Nucl. Phys. Proc. Suppl. 191 (2009) 98)




Momentum dependence
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o TMF (N;=2+1+1); 213MeV
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% Arip : linearly decreasing in Q2

» TMF (N;=2+1+1): 373MeV/
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% Br10(0) from fitting

% Br10(0) Model dependent




d

Comparison for A9, Brig
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% Mild pion mass dependence

* A%, > 0 (decreasing) Af.,, < 0 (increasing)
* [Afyo| > ‘A{ql*m‘

* B4t > 0 (decreasing)

[QCDSF/UKQCD: M. Gockeler et al., Phys. Lett. B627 (2005) 113; Phys. Rev. Lett. 98 (2007) 222001]
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ES.

Tensor charge

» ETMC (N=2) TMF/Clover
e ETMC(N,=2+1+1) TMF

+ PNDME (N;=2+1+1) HISQ/Clover |
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[T. Bhattacharya et al., Phys. Rev. D85 5 (2012)]

Isoscalar Tensor FFs

exp. point:

AZT(0.8GeV?) = 0341018 |

(at u? = 110GeV?)
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1 (M. Anselmino et al., Nucl. Phys. Proc. Suppl. 191 (2009) 98)



Future Work

% Increase the statistics for m, = 126, 213 MeV

% Compute non-perturbative renormalization function for one-D tensor and
subtract O(a?) terms

* Include a 3" projector in the 3-pt function (Stochastic Method)

Talk by K. Hadjigiannakou
Thursday 17:30
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