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JAM in progress
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Theory of fitting
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The goal is to estimate:

E[O] =

∫
dna P(a|data) O(a)

V[O] =

∫
dna P(a|data) [O(a)− E[O]]2

O=∆q,Dh
q , ...

√
V [O] = 1σ

a → PDF/FF parameters

P(a|data) ∝ L(data|a)π(a)

L(data|a) ∝ exp
(
−1

2χ
2(a)

)
χ2(a) =

∑
i

(
Di−Ti(a)

δDi

)2
π(a) →priors. i.e

∏
i θ(ai − a0i )
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The goal is to estimate:

E[O] =

∫
dna P(a|data) O(a)

V[O] =

∫
dna P(a|data) [O(a)− E[O]]2

Monte Carlo methods

P(a|data)→{ak}

E[O] ≈ 1
N

∑
kO(ak)

V[O] ≈ 1
N

∑
k[O(ak)− E[O]]2

Maximum Likelihood

Maximize P(a|data)→a0

E[O] ≈ O (a0)

V[O] ≈hessian, ∆χ2 envelope,...
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Iterative Monte Carlo analysis (IMC)
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sampler priors
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validation
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as initial
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Use traditional anzat
xf(x) = Nxa(1− x)b(1 + c

√
x+ dx)

Keep all the parameters free.
No assumptions on the exponents

Avoid over-fitting by Cross-Validation

Iterative procedure
→ Adaptive MC integration (like in Vegas)

Robust estimation of uncertainties



IMC in action (FF case)
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Spin PDFs
from polarized DIS
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Global polarized DIS data
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Theory framework Collinear Factorization
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Γ =



Theory framework Collinear Factorization
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TcollΓ = +O
(
m2

Q2

)

m is a SMALL hadronic mass scale

Q (mass of γ∗) is a LARGE scale
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TcollΓ = +O
(
m2

Q2

)

m is a SMALL hadronic mass scale

Q (mass of γ∗) is a LARGE scale

PDF(ξ,Q2), ∆PDF(ξ,Q2)



Polarized DIS @ small Q2 ' 1 and high–xbj

Collinear factorization:

Γ ≈ TcollΓ +O
(
m2

Q2

)

“Extensions”

- Target mass corrections (TMC).

- Higher twist

- Nuclear corrections for 3He and deuteron targets

- Threshold corrections from soft gluon radiation
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[Georgi,Politzer]
[Blümlein,Tkabladze]
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Data vs theory: proton
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Data vs theory: proton
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Data vs theory: proton JLab eg1-dvcs
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Data vs theory: proton JLab eg1b

15 / 26

0.16 0.18 0.2 0.22 x
0

0.1

0.2

0.3

0.4Ap‖ E = 4.2 Q2 ∈ [1.00, 1.01]JAM15

no HT

syst(+)

syst(−)

eg1b 0.2 0.25 x

0

0.1

0.2

0.3

0.4

E = 4.2 Q2 ∈ [1.1, 1.2]

0.25 0.3x

0

0.1

0.2

0.3

0.4

E = 4.2 Q2 ∈ [1.3, 1.4]

0.25 0.3 x
0.1

0.2

0.3

0.4

0.5 E = 4.2

Q2 ∈ [1.6, 1.7]

0.3 0.35 x
0.2

0.4

0.6

0.8 E = 4.2 Q2 ∈ [1.9, 2.0]

0.35 0.4 x
0.2

0.4

0.6

0.8 E = 4.2 Q2 ∈ [2.3, 2.4]

0.44 0.45 0.46 x
−1

0

1

2
E = 4.2 Q2 ∈ [2.69, 2.73]

0.15 0.2 x

0

0.1

0.2

0.3

0.4 E = 5.7 Q2 ∈ [1.00, 1.01]

0.15 0.2 0.25 x

0

0.1

0.2

0.3

0.4 E = 5.7 Q2 ∈ [1.1, 1.2]

0.15 0.2 0.25 x

0

0.1

0.2

0.3

0.4

E = 5.7 Q2 ∈ [1.3, 1.4]

0.2 0.25 0.3 x

0

0.1

0.2

0.3

0.4

E = 5.7 Q2 ∈ [1.6, 1.7]

0.25 0.3 0.35 x
0

0.2

0.4

0.6

0.8
E = 5.7 Q2 ∈ [1.9, 2.0]

0.3 0.35 0.4 x
0

0.2

0.4

0.6

0.8
E = 5.7 Q2 ∈ [2.2, 2.4]

0.35 0.4 0.45 x
0

0.2

0.4

0.6

0.8

1 Q2 ∈ [2.7, 2.9]

0.4 0.45 0.5 x
0

0.2

0.4

0.6

0.8

1 E = 5.7 Q2 ∈ [3.2, 3.4]

0.45 0.5 0.55 x

0

0.5

1

1.5 E = 5.7 Q2 ∈ [3.8, 4.1]

0.56 0.57 0.58 x

−1

0

1

2
E = 5.7

Q2 ∈ [4.56, 4.63]



Data vs theory: 3He
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Impact of JLab data
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Results
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constrained.



Results: d2 matrix element

19 / 26

d2(Q2) ≡
∫ 1

0
dxx2

[
2gτ31 (x,Q2) + 3gτ32 (x,Q2)

]
d2 is related to “color polarizability” or the “transverse color
force” acting on quarks

Existing measurements of d2 are in the resonance region
(contains TMC, τ4 and beyond)

Agreement with data indicates quark-hadron duality
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Outlook

Polarized DIS data
New JAM analysis to study impact of all JLab 6 GeV
inclusive DIS data at low W and high x
New extraction of LT & HT distributions
Constraints on d2

SIA data
New study of SIA data including recent Belle and BaBar data
New extraction of fragmentation functions
The setup for combined pol DIS, SIA and pol SIDIS is ready!

JAMLIB
JAM SPDFs and FFs are available at github
Python, Fortran and LHAPDF interfaces provided
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http://www.github.com/JeffersonLab/JAMLIB


JAM for public
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http://www.jlab.org/theory/jam
http://www.github.com/JeffersonLab/JAMLIB

