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JAM global analysis
Motivation - maximally utilize high-precision,
high-statistics spin data at lower (& higher) energies

~ 15 experiments completed at JLab, with data
straddling resonance & DIS regions

explore systematics of lowering kinematic cuts
down to Q2 > 1 GeV2, W 2 > 3.5 GeV2

(cf. CJ, JR, ABM unpolarized PDFs analyses)

constrain (poorly-determined) PDFs at large x

control of nuclear and finite-Q  corrections2

extract higher twist (twist-3) distributions

perform fit to unpolarized PDFs under similar set
of conditions  (no assumptions about R)
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Complete collection of world’s inclusive polarized
DIS data (interactive database at http://www.jlab.org/JAM)

JAM global analysis
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soon to be extended to SIDIS & polarized pp data
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Fit experimental asymmetries (longitudinal & transverse) 
rather than derived structure functions

JAM global analysis
Complete collection of world’s inclusive polarized
DIS data (interactive database at http://www.jlab.org/JAM)

remove assumptions about                  ratioR = σL/σT

A2 = γ(g1 + g2)
2x

(1 + γ2)F2 − FL

A1 = (g1 − γ2g2)
2x

(1 + γ2)F2 − FL

A� =
σ↑⇓ − σ↑⇑

σ↑⇓ + σ↑⇑ = D(A1 + ηA2)

A⊥ =
σ↑⇒ − σ↑⇐

σ↑⇒ + σ↑⇐ = d(A2 − ξA1)

where
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JAM global analysis
Complete collection of world’s inclusive polarized
DIS data (interactive database at http://www.jlab.org/JAM)

Significant contribution of JLab data to global database
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JAM global analysis
Complete collection of world’s inclusive polarized
DIS data (interactive database at http://www.jlab.org/JAM)

Significant contribution of JLab data to global database
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especially at high x (0.1 < x < 0.6)  and low Q   (1 < Q  < 3 GeV  )2 2 2
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world data. For x > 0.4, the precision of An
1 data has been

improved by about an order of magnitude. This is the first

experimental evidence that An
1 becomes positive at large x.

Among all model-based calculations [3, 6, 10, 11, 20, 22], the

trend of our data is consistent with the RCQM predictions [6]

which suggest that An
1 becomes increasingly positive at even

higher x. However they do not agree with the BBS [10] and
LSS(BBS) [11] parameterizations in which HHC is imposed.

Our data are in good agreement with the LSS 2001 pQCD fit

to previous data [21] and a global NLO QCD analysis of DIS

data using a statistical picture of the nucleon [23].

Assuming the strange quark distributions s(x), s̄(x),∆s(x)
and∆s̄(x) to be negligible in the region x > 0.3, and ignoring
any Q2 dependence, one can extract polarized quark distribu-

tion functions based on the quark-parton model as

∆u + ∆ū

u + ū
=

4

15

gp
1

F p
1

(4 + R
du) −

1

15

gn
1

Fn
1

(1 + 4Rdu) ;

∆d + ∆d̄

d + d̄
=

4

15

gn
1

Fn
1

(4 +
1

Rdu
) −

1

15

gp
1

F p
1

(1 +
4

Rdu
) ,

where Rdu = (d + d̄)/(u + ū). We performed a fit to the
world gp

1/F p
1 data [30] and used Rdu extracted from pro-

ton and deuteron structure function data [40]. Results for

TABLE II: Results for the polarized quark distributions. The three

errors are those due to the gn
1 /F n

1 statistical error, g
n
1 /F n

1 systematic

error and the uncertainties of gp
1/F p

1 and R
du fits.

x (∆u + ∆ū)/(u + ū) (∆d + ∆d̄)/(d + d̄)

0.33 0.565 ± 0.005+0.002
−0.002

+0.025
−0.026 −0.274 ± 0.032+0.013

−0.013
+0.010
−0.018

0.47 0.664 ± 0.007+0.002
−0.002

+0.060
−0.060 −0.291 ± 0.057+0.018

−0.018
+0.032
−0.034

0.60 0.737 ± 0.007+0.003
−0.003

+0.116
−0.116 −0.324 ± 0.083+0.031

−0.031
+0.085
−0.089

(∆u + ∆ū)/(u + ū) and (∆d + ∆d̄)/(d + d̄) extracted from
our gn

1 /Fn
1 data are listed in Table II.

Figure 2 shows our results along with HERMES data [41].

The dark-shaded error band is the uncertainty due to ne-

glecting the strangeness contributions. To compare with

the RCQM prediction which is given for valence quarks,

the difference between ∆qV /qV and (∆q + ∆q̄)/(q + q̄)
was estimated and is shown as the light-shaded band. Here

qV (∆qV ) is the unpolarized (polarized) valence quark dis-

tribution for u or d quark. Both errors were estimated us-
ing the CTEQ6M [42] and MRST2001 [43] unpolarized par-

ton distribution functions and the positivity conditions that

|∆q/q| ! 1, |∆q̄/q̄| ! 1 and |∆qV /qV | ! 1. Results shown
in Fig. 2 agree well with the predictions from RCQM [6]

and LSS 2001 NLO polarized parton densities [21]. The re-

sults agree reasonably well with the statistical model calcula-

tion [23] but do not agree with the predictions from LSS(BBS)

parameterization [11] based on hadron helicity conservation.

In summary, we have obtained precise data on the neutron

spin asymmetry An
1 and the structure function ratio gn

1 /Fn
1

in the deep inelastic region at large x. Our data show a
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FIG. 2: Results for (∆u + ∆ū)/(u + ū) and (∆d + ∆d̄)/(d + d̄) in
the quark-parton model, compared with HERMES data [41], the

RCQM predictions [6], predictions from LSS 2001 NLO polarized

parton densities [21], the statistical model [23], and pQCD-based

predictions incorporating HHC [11]. The error bars of our data in-

clude the uncertainties given in Table II. The dark-shaded error band

on the horizontal axis shows the uncertainty in the data due to ne-

glecting s and s̄ contributions. The light-shaded band shows the dif-
ference between ∆qV /qV and (∆q + ∆q̄)/(q + q̄) that needs to be
applied to the data when comparing with the RCQM calculation.

clear trend that An
1 becomes positive at large x. Combined

with the world proton data, the polarized quark distributions

(∆u + ∆ū)/(u + ū) and (∆d + ∆d̄)/(d + d̄) were extracted.
Our results agree with the LSS 2001 pQCD fit to the previous

data and the trend agrees with the hyperfine-perturbedRCQM

predictions. The new data do not agree with the prediction

from pQCD-based hadron helicity conservation, which sug-

gests that effects beyond leading order pQCD, such as the

quark orbital angular momentum may play an important role

in this kinematic region. Extension of precision measure-

ments of An
1 to higher x and wider Q2 range is planned with

the future JLab 12 GeV energy upgrade.
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gur, X. Ji, E. Leader, W. Melnitchouk, D. Stamenov, J. Sof-

fer, M. Strikman, A. Thomas, H. Weigel and their collabora-

tors for the theoretical support and helpful discussions. This

work was supported by the Department of Energy (DOE), the
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PDFs poorly determined
for x > 0.5

Large-x PDFs

Issues at large x

Zhang et al., JLab E99-117

3

2- finite-Q  corrections
     (higher twists, ...)

- nuclear corrections
     (D,  He data)

- dearth of precision data
2

means low W 
- at fixed Q ,  large x 
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SU(6) spin-flavor symmetry

Large-x PDFs

Symmetry broken by e.g. color-spin interaction

scalar diquark dominance                  ;(M∆ > MN )

∆u/u → 2/3

∆d/d → −1/3

d/u → 1/2 Ap
1 → 5/9

An
1 → 0

d/u → 0 ∆u/u → 1

∆d/d → −1/3

Ap
1 → 1

An
1 → 1

dominance of helicity-1/2 configurations

Perturbative one-gluon exchange

d/u → 1/5 ∆q/q → 1 A1 → 1
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JAM QCD analysis

constraints from hadronic weak decays
∆u+(1) −∆d+(1) = 1.269(3), ∆u+(1) +∆d+(1) − 2∆s+(1) = 0.586(31)

Parametrization at scale Q2 = µ2
0 (= 1GeV2)

Structure function (moments) at leading twist     (at NLO)τ

Q   evolution performed in moment space2

f (n)(Q2) =

� 1

0
dx xn−1 f(x,Q2)

Wandzura-Wilczek relation

∆q+ ≡ ∆q +∆q̄x∆q+(x) = Nxα(1− b)β (1 + γx)

g(n)1,τ2 =
1

2

�

q

e2q (∆C(n)
qq ∆q(n) +∆C(n)

g ∆g(n))

g(n)2,τ2 = −n− 1

n
g(n)1,τ2
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Inclusive DIS data constrain                     distributions

mostly insensitive to polarized strangeness and glue

JAM QCD analysis

for inclusive-only analysis, fix shape of 
using results from DSSV;  normalization free

∆s+, ∆g

∆u+ & ∆d+

total of 10 shape parameters for leading twist PDFs

Assume           can be described as sum of     
and higher twist terms

g1, g2 τ = 2

g1 = gτ2(TMC)
1 + gτ3(TMC)

1 + gτ41

g2 = gτ2(TMC)
2 + gτ3(TMC)

2
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use standard OPE derivation, e.g. in closed form

− (ρ2 − 1)(3− ρ2)

2ρ5

� 1

ξ

dξ�

ξ�

� 1

ξ�

dξ��

ξ��
g(0)1 (ξ��)

gTMC
1 (x) =

x

ξ ρ3
g(0)1 (ξ) +

(ρ2 − 1)(x+ ξ)

ξ ρ4

� 1

ξ

dξ�

ξ�
g(0)1 (ξ�)

or series expansion

gTMC
1 (x) =

∞�

j=0

1

j!

�
M2

Q2

�j

(−x)
∂

∂x

�
(−x)j+1 ∂j+1

∂xj+1
(x2jG(x))

�

ρ2 = 1 + 4M2x2/Q2ξ = 2x/(1 + ρ) lim
M/Q→0

gTMC
1

G(x) =

� 1

x

dy

y

� 1

y

dy�

y�
g(0)1 (y�)

Target mass corrections (twist-2)
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Target mass corrections (twist-2)
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JAM13

twist-3 part of      related to twist-3 part of g1

gτ31 = (ρ2 − 1)

�
gτ32 − 2

� 1

x

dy

y
gτ32

�
g2

Bluemlein, Tkabladze
NPB 553, 427 (1999)

twist-3 part of      inspired by LCWF modelg2

Braun et al.,
PRD 83, 094023 (2011)

gτ32 = t0
�
log x+ (1− x) +

1

2
(1− x)2

�
+

4�

i=1

ti(1− x)i−1

splines approximation for twist-4 part

gτ41 =
h(x)

Q2

NOT Q   SUPPRESSED!2

JAM13

Higher twist corrections
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JAM15

twist-3 part of      parametrized via twist-3 PDFsg2

similar functional form also for twist-4 part

JAM15

Dτ3(x) = Nxa(1− x)b(1 + c x)

- at parton level

gτ41 = N �xa�
(1− x)b

�
(1 + γ� x)

1

Q2

- at hadron level

Higher twist corrections

twist-3 part of      related to twist-3 part of g1

gτ31 = (ρ2 − 1)

�
gτ32 − 2

� 1

x

dy

y
gτ32

�
g2

Bluemlein, Tkabladze
NPB 553, 427 (1999)
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Higher twist corrections

large enhancement of         in presence of HTs
found in JAM13 analysis

|∆d|
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nuclear binding and Fermi motion described by
(spin-dependent) smearing functions

effective polarization approximation (EPA)

Nuclear corrections

gAi (x) =

�
dy

y
fN
ij (y) g

N
j (x/y)
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y
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f 11
n (
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)
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f
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New JAM15 analysis
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Error analysis uses Hessian method to propagate
parameter uncertainties

χ2(�p) =
�

i

(data i − thyi(�p))
2

σ2
uncor,i + σ2

cor,i

χ2 for parameters �p

Hessian matrix

Hij =
1

2

∂χ2(�p)

∂pi∂pj

����
�p=best

deviations of parameters from their best values 
parametrized by scale factors        in eigenbasis       
of covariance matrix 

{ti}
C = H

−1

{êi}

∆�p =
�

i

ti êi

New JAM15 analysis
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probability distribution assumed to factorize in {êi}

P(∆�p) ≈
�

i

Pi(ti) ∝
�

i

exp

�
−1

2
χ2(ti)

�
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Correlations between fit parameters

up
N

up
a

up
b

up
d

dp
N

dp
a

dp
b

dp
d

sp
N

g
N

T3
p

t0
T3

p
t1

T3
p

t2
T3

p
t3

T4
p

h1
T4

p
h2

T4
p

h3
T4

p
h4

T3
n

t0
T3

n
t1

T3
n

t2
T3

n
t3

T4
n

h1
T4

n
h2

T4
n

h3
T4

n
h4

up N

up a

up b

up d

dp N

dp a

dp b

dp d

sp N

g N

T3p t0

T3p t1

T3p t2

T3p t3

T4p h1

T4p h2

T4p h3

T4p h4

T3n t0

T3n t1

T3n t2

T3n t3

T4n h1

T4n h2

T4n h3

T4n h4

R
U
N
0

−0.8

−0.6

−0.4

−0.2

0.0

0.2

0.4

0.6

0.8

1.0

twist 2 twist 3 & 4

2τ

3,4τ

no JLab
data

New JAM15 analysis

32



Correlations between fit parameters
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Correlations between fit parameters
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∆u+ & ∆d+ distributions

error reduction most dramatic for         at large x
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New JAM15 analysis
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error reduction also on HT contributions

New JAM15 analysis
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Outlook

semi-inclusive DIS for flavor separation

Future analysis to study polarization of sea quarks & gluons

polarized pp cross sections (inclusive jet &    production)
for     ∆g

π

maximally utilize data over all available kinematics 
(JLab 6 GeV, 12 GeV, RHIC-spin, EIC ...)

Ongoing JAM15 analysis studying impact of JLab 6 GeV 
inclusive DIS data at low W, high x

http://www.jlab.org/JAM

Longer term goal - extend analysis to transverse spin
(transversity) and momentum (TMDs)
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http://www.jlab.org/CJ
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