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1. Introduction:

The quark-gluon structure of nucleon
IS described by a set of parton
distribution functions.

* The helicity and transversity
distributions and their first moments---
the axial and tensor charges provide
Important information on the nucleon
spin structure.



Since the tensor current is not conserved, the
tensor charge defined by the matrix element of
tensor current iIs strong scale dependent
especially at low-energy region.

The axial current is conserved in the DIS region
where the quark mass can be neglected, thus
the flavor singlet (scalar) axial charge has weak
scale dependence due to the couping with gluon
at NLO perturbation QCD evolution.

However the scale dependence of the flavor
singlet (scalar) axial charge in low-energy region
may be strong due to PCAC.

How to study the scale dependencies of these
charges in low energy region ?
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D description in momentum space?
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At leading twist 8 total, only 3 TMDs non vanishing upon
integrating over transverse momentum of the quark
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Quark distribution functions at
leading twist
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Quark distribution functions
at leading twist.1
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Where g_f(x) ---find a quark parton probability in a nucleon



Quark distribution functions
at leading twist.2

hy(x) = ézeﬁ:&ﬂuﬁ- + 0 1 (x) (4.85)

ag plxr = rir;- (x)— r;J,T (x) (4.30)
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The transversity distributions measure the
difference of number of quarks(antiquarks)
with transverse polarization parallel and
antiparallel to the nucleon likewise polarized
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Helicity distributions and their first
moments---axial charges
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ag = Au + Ad + As = A5 (Flavor singlet)
s = A —Ad = F+ D =1.2601
dg = Au +4d =205 = 3F =D —og5gsg

*Where flavor singlet axial charge in MS frame gives
the quark spin contribution to nucleon’s spin



Transversity distributions and their
first moments--- tensor charges
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The flavor singlet tensor charge and isovector
tensor charge can be defined



2. Tensor Charges and their
scale dependencies
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Theory estimates of tensor charges
—model calculation results
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“Complete” Measurements

BNL - Star/Phoenix/Phobos
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Separation of Collins, Sivers and pretzelocity effects
through angular dependence in SIDIS
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Measurements of transversity
distributions and tensor charges

« Jlab measured the single target spin
asymmetry(SSA) in SIDIS
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A Global Analysis of Experimental Data

Transversity Distributions

A global fit to the
HERMES p,
COMPASS d and
BELLE e+e- data
by the Torino group,

Anselmino et al._,
arxiv:0812.4366
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Experimental extraction of
tensor charges

« EXxtraction of tensor charges was given by
Anselmino et al. based on the combined global fit to
semi-inclusive DIS(SIDIS) data from HERMES and
COMPASS and those in (BELLE)

ete” — hiha X
The results are(central values)

du =059, &d= —020, §E,=039 (Q°=038Cer")

( From Phys.Rev.D75,054032(2007; arXiv:0809.3743)



Scale dependence of tensor Charge:

o QCD perturbative evolutions

d T B N
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Note that gluons do not enter the evolution equation for

transversity distributions due to the chiral-odd property.

X

The evolution equation of tensor charge at leading order

Tay (OF)
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*  Perturbutive evolutions of tensor
charges to next leading order(NLO)

The next leading order ()* evolution of tensor charge is given by
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Fo=11—2n/3 =0 3 = 102 — 38n;/3 = 64,

and A = 0.2458Gel for ny = 3 case.



Perturbative evolution (to NLO)of flavor singlet
tensor charge
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* How to describe scale
dependencies of tensor charges
In low-energy region ?

o Lattice QCD.
We use:
o Effective quark model of tensor charges

e Cooperating with dynamically quark mass
generating to account nonperturbative
QCD effects



* Effective theory analyses

QCD at low-energy is equivalent to an effective quark theory
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Transversity distributions and
tensor charges are
valence quark dominated since

e Tensor current operator is odd under
charge conjugation—the quark-
antiquark sea does not contribute

e Gluons do not contribute under QCD
evolution of trensversity distributions



Axial charges and tensor charges
In the effective theory
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Axial and tensor charges
In the effective quark picture

Ay = M 40 Mg |
dfg = My odyug _!
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Where m is dynamical quark mass




*Nonperturbative evolution:

Effective theory analyses of tensor charges

Z o v
i =3(5+Gg!) o =-3(3+GF))

Here m is dynamical quark mass.

Generally one may set definite m to calculate the matrix
element.

The quark mass in QCD is a running quantity, different
mass corresponds to different scale.

Flavor singlet tensor charge of current quark

contributions (in the asymptotic limit)
5=, = aul +adl = % = 0.667
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Scale evolutions of quark mass
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Scale dependencies of tensor
charges for u- and d-quarks
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Scale dependencies of iIsovector-
and I1soscalar tensor charges
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3. Flavor singlet axial charge
and Its scale dependence

aj - ”_{Pélq???rll’f)} i =0,3,8
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as = Au —Ad = F+ D
Au + Ad —2A5y = 3F — D

“38

* In MS frame the flavor singlet axial charge gives quark
spin contribution to nucleon spin



*Axial charges and quark spin
contribution to nucleon spin

 Nucleon spin sum rules
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* Nucleon spin sum rules

--satisfying angular momentum
commutation relation
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Quark spin contribution to nucleon spin
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F:“:logm(x)

Unpolarized and Polarized Structure functions
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Quark spin contribution to nucleon spin
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The measurement results are given at Q"2 =5 Gev”2



Perturbative Evolutions of QCD
angular momentum operators
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* Scale dependence of flavor singlet axial
charge due to PCAC

---the axial-vector current operator is not
conserved If m does not equal to 0.

Consider PCAC:

(2 )y () = 2imap(z)ysi(z).

Then we obtain
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*Flavor singlet (scalar) axial charge
In effective quark model

The current quark (m=0) spin contribution to
nucleon spin is 1
AZy = dug +adg = - = 0.333
Which is well agreement with the results
given by HERMES & COMPASS groups.



Scale evolution of quark spin
contribution to nucleon spin
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4.Comparing scale dependence of
tensor charge with that of axial charge

Flavor singlet axial charge
1 2 m

Flavor singlet tensor charge
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Scale dependencies of
scalar tensor and axial charges
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5. Summary(1)

‘ensor charges are most important quantities
that characterize transversities

Tensor charges are strong scale dependent,
especially in the low-energy region.

Using the quark model in cooperation with
dynamical quark mass generating can
reasonably describe the scale dependencies
from perturbation to nonperturbation region,
while the results are well consistent with the
QCD perturbation evolution ones in the large
momentum region.




Effective model predicts

* In the asymptotic limit, present effective quark
model predicts that tensor charges are

For proton
= 2
o =—, od=—=, &Y, =—=10.66T
) g e |
For neutron
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5. Summary(2)

* Flavor singlet (scalar) axial charge is one of
most important quantities that characterize
helicity, which in the MS scheme gives quark
spin contribution to nucleon spin

e Flavor singlet (scalar) axial charge in DIS region
has weak scale dependence due to the coupling
with gluon at NLO perturbation QCD evolution.
However, the flavor singlet (scalar) axial charge
In the low-energy region is strong scale
dependent due to



5. Summary(3)

« PCAC and dynamical chiral symmetry breaking, which
can be reasonably described by using the quark model
In cooperation with dynamical quark mass generating.

* This effective model also predicts that the quark spin
contributes to 1/3 of nucleon spin in large momentum
limit, which is well consistent with HERMES &
COMPASS results.

 Comparing the scale evolutions of the flavor singlet
(scalar) axial and tensor charges shows that relativistic
effects lead to the difference between them: Relativistic
effect on scalar axial-charge is larger then one on scalar
tensor charge.



Thank you
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