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Motivations for EIC: Issues with SIDIS talk by O. Gonzalez

2 / 23

Can we apply factorization
theorems in SIDIS
measurements?

Factorization demands that

ph · ki = O(m2)

ph · kf = O(Q2)

Define a collinearity parameter

R =
(ph · kf )

(ph · kf )
= O(m2/Q2)

Factorization seems to be
optimal for EIC kinematics
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Role of PDFs, SPDFs and FFs in TMDs

SIDIS cross section

d5σ(S⊥)

dxBdydzhd2Ph⊥
=σ0

[
FUU + sin(φh − φs) FUT sin(φh−φs)+

sin(φh + φs)
2(1− y)

1 + (1− y)2
FUT

sin(φh+φs) + ...
]

SIA cross section

d5σe
+e−→h1h2+X

dzh1dzh2d2Ph⊥d cos θ
= σ0

[(
1 + cos2 θ

)
Zh1h2uu + sin2 θ cos(2φ0)Z

h1h2
collins

]
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Role of PDFs, SPDFs and FFs in TMDs

SIDIS structure functions (W+Y)

FUU = HSIDIS
1

z2
h

∫ ∞
0

db b

(2π)
J0(qh⊥b) W̃UU (b∗) + YUU

F
sin(φh−φs)
UT = −HSIDIS

MP

z2
h

∫ ∞
0

db b2

(2π)
J1 (qh⊥b) W̃

sin(φh−φs)
UT (b∗) + Y

sin(φh−φs)
UT

F
sin(φh+φs)
UT = HSIDIS

Mh

z2
h

∫ ∞
0

db b2

(2π)
J1(qh⊥b) W̃

sin(φh+φs)
UT (b∗) + Y

sin(φh+φs)
UT

SIA structure functions (W+Y)

Zh1h2
uu = He+e−

1

z2
h1

∫ ∞
0

db b

(2π)
J0(qh⊥b) W̃

h1h2

UU (b∗) + Y h1h2

UU

Zh1h2

collins = He+e−
Mh1

Mh2

z2
h1

∫ ∞
0

db b3

(2π)
J2(qh⊥b) W̃

h1h2

collins(b∗) + Y h1h2

collins
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Role of PDFs, SPDFs and FFs in TMDs

SIDIS W

W̃UU (b∗) ≡ e−Spert(Q,b∗)−Sf1
NP(Q,b)−SD1

NP(Q,b) F̃UU (b∗)

W̃
sin(φh−φs)
UT (b∗) ≡ e−Spert(Q,b∗)−S

f⊥1T
NP (Q,b)−SD1

NP(Q,b) F̃
sin(φh−φs)
UT (b∗)

W̃
sin(φh+φs)
UT (b∗) ≡ e−Spert(Q,b∗)−Sh1

NP(Q,b)−SH⊥1
NP (Q,b) F̃

sin(φh+φs)
UT (b∗)

SIA W

W̃h1h2
uu (b∗) ≡ e−Spert(Q,b∗)−SD1

NP(Q,b)−SD̄1
NP(Q,b)Z̃h1h2

uu (b∗)

W̃h1h2

collins(b∗) ≡ e−Spert(Q,b∗)−S
H⊥1
NP (Q,b)−SH̄⊥1

NP (Q,b)Z̃h1h2

collins(b∗)
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Role of PDFs, SPDFs and FFs in TMDs

SIDIS W (small b contribution)

F̃UU (b∗) =
∑
q

e2
q

(
Cf1
q←i ⊗ f i1(xB , µb)

) (
ĈD1
j←q ⊗Dh/j(zh, µb)

)
,

F̃
sin(φh−φs)
UT (b∗) =

∑
q

e2
q

(
C
f⊥1T
q←i ⊗ f

⊥(1)i
1T (xB , µb)

) (
ĈD1
j←q ⊗Dh/j(zh, µb)

)
.

F̃
sin(φh+φs)
UT (b∗) =

∑
q

e2
q

(
δCh1

q←i ⊗ hi1(xB , µb)
)(

δĈ
H⊥1
j←q ⊗ Ĥ

⊥(1)j
1 (zh, µb)

)
SIA at (small b contribution)

Z̃h1h2
uu (b∗) =

∑
q

e2
q

(
ĈD1
i←q ⊗Dh/i(zh1, µb)

) (
ĈD1
j←q̄ ⊗Dh/j(zh, µb)

)
.

Z̃h1h2

collins(b∗) =
∑
q

e2
q

(
δĈ

H⊥1
i←q ⊗H

⊥(1)i
1 (zh1, µb)

) (
δĈ

H⊥1
j←q̄ ⊗H

⊥(1)j
1 (zh, µb)

)
Collinear PDFs, FFs play a role in TMDs.
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JAM status
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PDF/HT

DIS (q + q̄)

DY (q, q̄)

JETS (g)

WASY (u, d)

pp→ γX (g)

∆PDF/HT

∆DIS (q+ q̄)

∆SIDIS (q, q̄)

∆JETS (g)

~pp → πX

∆WASY (u, d)

FF

SIA (q + q̄)

SIDIS (q, q̄)

pp → πX

αS

∆DIS (q+ q̄) SIA (q + q̄)τ2,3,4 Dπ,K
q

∆DIS: PhysRevD.93.074005

FF: hep-ph 1609.00899



JAM in progress
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PDF/HT

DIS (q + q̄)
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∆PDF/HT

∆DIS (q+ q̄)
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FF
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∆g
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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

fit
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sampler priors

fit

fit

fit

posteriors
original data

pseudo
data

training
data

fit

parameters from
minimization steps

validation
data

validation

posterior

as initial
guess

prior

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

In Collaboration with:

J. J. Ethier (College of William and Mary)

W. Melnitchouk (Jefferson Lab)

A. Accardi (Hampton U. and Jefferson Lab)

S. E. Kuhn (Old Dominion U.)



Global polarized DIS data
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Data vs theory: proton JLab eg1-dvcs
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Results
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∆u+ 0.82± 0.01 0.83± 0.01
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χ2/Nnpts = 1.07

Sign of τ3 distributions is the
same as τ2

Negative ∆s+

∆g compatible with the most
recent DSSV fits

moments of ∆g not
constrained.
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Fragmentation Functions
from SIA data

In Collaboration with:

J. J. Ethier (College of William and Mary)

W. Melnitchouk (Jefferson Lab)

A. Accardi (Hampton U. and Jefferson Lab)

S.Kumano (KEK, J-PARC)

M.Hirai (Nippon Institute of Technology)



π analysis (χ2/Nnpts = 1.31)
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We use BaBar prompt
data set

Belle data set needs 10%
normalization

Good agreement at low–z
for inclusive data sets

Data inconsistencies at
large–z for Q2 = M2

z



K analysis (χ2/Nnpts = 1.01)
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Summary and 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

